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Preface

Climate change and its impacts on agriculture and on agroforestry have been
observed across the world during the last 50 years. They have been threatening the
stability in ecosystems and people well-being. Increasing temperatures, droughts
and biotic stresses and the impacts of extreme events have continuously decreased
agroforestry systems’ resilience to climate change. As it is now, we need a new
vision for research, management, education and learning, since they are important
drivers in achieving the Sustainable Development Goals as a whole, and SDG 13
(climate action) in particular.

There is a perceived need to adapt farming and agroforestry systems so as to
make them better able to handle ever-changing climate conditions, and to preserve
habitats and ecosystems services. More efficient management practices and
new/innovative agroforestry solutions are required and must incorporate the
regional and local abiotic factors of climate, soil, water and nutrient balances as
well as the biotic conditions (e.g. pests, diseases and dispersal agents). Also fos-
tering activities related to traditional culture and improving education and learning
on biodiversity and ecosystem services are decisive as they are stepping stones for
sustainable development supporting ecosystem’s conservation, livelihood and
sustenance of populations.

It is based on the need to tackle this topic that this book has been produced. It
aims at assembling wide-ranging contributions from case studies, reviews, reports
on technological developments, outputs of research/studies and examples of suc-
cessful projects, as well conceptual approaches, which document current knowl-
edge, raise awareness and help the agriculture and forest sectors to adapt to climate
change as it brings the theme ecosystems’ services closer to education and learning,
as an added value to strategic principles for healthy and valued ecosystems and
sustainable human development.

The book entails contributions in a variety of areas, including ecosystem services
and incentive mechanisms for environmental preservation, unlocking the social–
ecological resilience of High Nature Value farmlands to future climate change,
climate-smart agricultural practices (CSA) adoption by crop farmers in semi-arid
regions, future climate change impacts on agriculture based on multi-model results
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from WCRP’s CMIP5 and the urgent need for enhancing forest ecosystem resi-
lience under the anticipated climate portfolio.

The book contains also papers addressing the issue of sustainable food systems
in culturally coherent social contexts, and multifunctional urban agriculture and
agroforestry for sustainable land use planning in the context of climate change. All
in all, an interesting set of papers gathering information and knowledge which
outline the potentials and environmental risks related to agricultural and agro-
forestry landscapes under a changing climate.

We hope that this publication will prove useful to all those working in the field
of climate change as it relates to agriculture and agroforestry, and that it may
catalyse further initiatives in this important field.

Coimbra, Portugal Paula Castro
Coimbra, Portugal Anabela Marisa Azul
Hamburg, Germany Walter Leal Filho
Aveiro, Portugal Ulisses M. Azeiteiro
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Terraced Agroforestry Systems in West
Anti-Atlas (Morocco): Incidence
of Climate Change and Prospects
for Sustainable Development

Mohamed Ziyadi, Abdallah Dahbi, Abderahmane Aitlhaj,
Abdeltif El Ouahrani, Abdelhadi El Ouahidi and Hafid Achtak

Abstract The Moroccan Anti-Atlas region contains all the “ingredients” of a
hostile environment including an arid climate, a highly rugged topography, a low
vegetation cover due to insufficient rainfall, and inexorable soil erosion. These
harsh conditions incited local peasants to adopt simple but ingenious agricultural
practices that fit the prevailing rigours and ensure their livelihood survival: Terraced
Agroforestry System (TAS). TAS, one of the most ancestral agricultural practices,
becomes a dominant feature of the Anti-Atlas landscape. This study aims to explore
the Anti-Atlas TAS as a resilient approach to counter climate change impacts and
ensure a sustainable development of this region. To this end, a prospective study
was conducted to survey the indigenous peasants, to assess the status of TAS, to
describe its biodiversity trends, and ultimately to ensure its sustainable develop-
ment. The primary results revealed that the Anti-Atlas TAS are based essentially on
the Argan tree (Argania spinosa L.) as the predominant vegetation crown layer.
Accordingly, goats represented the main integrated livestock. The related annual
crops are mainly represented by local varieties of cereals and legumes. Other
dryland fruit trees, such as almond, fig, olive, and date palm are also sparsely
planted. Beyond their purely aesthetic and economic role, this agro-cultural heritage
contributes greatly to the conservation of several local varieties and their associated
fauna. Furthermore, the results allows us to identify some serious climatic and
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social challenges faced by the persisting TAS in the Anti-Atlas region. In this
regards, the regional climate change scenarios predict warmer and dryer conditions
over the studied region, meanwhile the new generation of local peasants increas-
ingly lacks interest to maintain TAS and prefers to seek new opportunities in the
Souss-Massa plain valley. Consequently, this paper investigates major issues
threatened social, economic, and ecological balances and provides a combination of
adaptation solutions to help revive the agro-cultural heritage of TAS from the
process of extinction.

Keywords Terraced agroforestry systems � Anti-Atlas � Morocco
Sustainable development � Climate change

1 Introduction

The Kingdom of Morocco is an African-Mediterranean country where agriculture
sector, mostly rain-fed dependent, represents more than 15% of its GDP and
employs about 4 millions of its active population (ADA 2009; RMS 2011; El Bilali
et al. 2012). Despite the climatic hazards striking Morocco, including drought,
flood, and storms, the key challenges facing the country today is its ability to ensure
adequate food security and to shift its economy to low-carbon energy by investing
in renewable alternatives. This vision was well reflected in the 22nd Conference of
the Parties (COP22) held in Marrakech on November 2016, where Morocco
launched the triple A initiative (Adaptation of African Agriculture) to stress the
high impact of climate change on its economy tightly linked to climate variability.

Aware of this critical situation, and based on the national strategy for sustainable
development, agriculture and food security remain among the key strategic sectors
targeted by Morocco. Since 2008, Morocco has developed the “Morocco Green
Plan” (MGP) which aims to modernize the agriculture sector to become more
competitive and more integrated in the global market by creating wealth over the
entire value chain, meanwhile considering human, social, and territorial develop-
ment. The MGP promotes sustainable management of natural resources and identify
necessary policies to support sustainable growth. Although there were specific
programs of MGP which particularly targeted small scale farmers in remote areas,
the Moroccan Anti-Atlas villages, where survival is largely depending on rainfed
agriculture and pastoralism, are unable to fully benefit from MGP.

The Moroccan Anti-Atlas, 18,000 km2 (Gunn 2004), is a mountainous chain
with all the “ingredients” of a hostile environment including an arid climate, a
highly rugged topography, a low vegetation cover, and a non-stop soil erosion. This
region is by far the most vulnerable to climate change and therefore the most
threatened in terms of sustainable livelihood assets in Morocco. Facing these harsh
conditions, local peasants have adopted simple but effective agricultural practices
that fit the prevailing rigours: Terraced Agroforestry System (TAS), which become
a major component of the Anti-Atlas landscape and the main farming system.
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TAS are certainly more adequate and most effective practice for soil quality and
stability, for landscape preservation, and for biodiversity conservation in similar
agro-ecosystems. Thought the aforementioned advantages of TAS, its overall sit-
uation seems deteriorating and its maintenance is abandoned in the Anti-Atlas
region which put in danger all the potential roles played by these traditional
agro-systems to maintain livelihood and survival of the local peasants. In this
context, the aim of this study is to explore the human and the physical complexities
of the Anti-Atlas that determine the future of TAS with specific focus on the
province of Chtouka Aït Baha. The ultimate goal is to promote TAS as a resilient
approach to counter climate change incidences and prospecting for best fit sus-
tainable development model for this region.

2 Methodology

In order to explore the TAS of the western Anti-Atlas region, a prospective
investigation was conducted in the province of Chtouka Ait Baha with focus on
rural communities in the mountains districts (Fig. 1). A multidimensional approach
including the literature review to describe the state of the art and the evolutionary
trends of these TAS, the social and the human dimensions via surveying elders of
the communities and interviewing local groups. The analysis of cartographical data,
and eventually the analysis of past and future climate change of this region, were
also conducted.

2.1 Bibliographical Information for the State of the Art

A state of the art is reviewed based on available information and publications
(reports, monograph, papers …) about the study area. A synthesis was developed in
order to provide a thoughtful description of the study area including geology,
geography, demography, infrastructure, land cover, climate, water resources and
agriculture.

2.2 Survey and Data Analysis

Qualitative and quantitative data were collected from local population through
semi-structured surveys. During two years, at least ten transects in the study area
were carried out to survey individuals and within focus groups at least 100 indi-
viduals from different rural communities were questioned. We mostly targeted
elderly farmers but also young people. The questionnaire was designed to explore
information about the history of TAS, the farming system, the agro-diversity
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assessment, crop selection, and peasant perception of climate change, and possible
adaptation solutions. These surveys allowed us to explore the trends of this tradi-
tional agroforestry practice in terraces.

2.3 Cartographic Data

The study area map and geographical information data were collected and devel-
oped using the MapInfo 12.5 software.

2.4 Analysis of Past and Future Climate Data

Past and future climate data were retrieved and analysed using DivaGIS 7.5 and
SPSS 17.0. Drought incidence for Morocco was estimated using Palmer Drought
Severity Index (PDSI) which is basically a proxy data based on cedar tree rings
width covering a period of 1049–2001 (data source: Esper et al. 2007). The long

Fig. 1 Study area: the province of Chtouka Ait Baha
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term change in climate type over the study area was analysed using the
Köppen-Geiger climate type classification change (Kottek et al. 2006). Observed
and projected data covering two centuries (1901–2100) were retrieved from the
World Maps of Köppen-Geiger climate classification then projected over the study
area using DivaGIS software. The IPCC business as usual (BAU) scenario (A1FI)
was adopted to estimate the worst climate change scenario until 2100 (IPCC 2007).

3 Results and Discussions

3.1 Geological Features of the Study Area

The Moroccan Anti-Atlas, a very old geological formation, is mountainous ranges
with very steep slopes and ridges that culminate up to 2374 m above sea level in
‘Jbel Lkest’. The western part, where the famous ‘Kerdous’ inlier, is dominated by
the Precambrian (I) with schist, mica schist, and granite followed by the
Precambrian (II) which provides a spectacular relief formed by a quartzitic cover of
the ‘Jbel Lkest’. The whole is surmounted by a series of calcareous and dolomite
sedimentary coverts which form the main mass of the Anti-Atlas. Epirogenic sei-
zures followed with oscillating marine transgressions that only sporadically reach
the mountain mass, causing large sedimentary gaps in its coverings series (Choubert
1963; Choubert and Faure-Muret 1972). The study area (Fig. 1) is located on this
western part of Anti-Atlas (30° north latitude and −9° west longitude), fairly rep-
resentative of the Moroccan Anti-Atlas. However, for a better observation of the
agrarian systems, the study was focused on its Mountain districts slopes covering an
area of approximately 3523 km2.

3.2 Human Footprint and Demographic Data

Due to its abrupt and steep relief, and its hostile and uncertain climate, this region
gives the sense of a harsh and inhospitable countryside. But as one go through the
massif, the anthropogenic footprint appears omnipresent marking the landscapes.
Indeed, the total population of these mountainous areas has been fluctuated
throughout the last century. After being quite large along the three first quarters of
the 20th century (Podeur 1995), the total population underwent a steady decline.

Though this observation contrasts oddly with the peasants’ secular tying-up to
their land, different settlements “douars” have lost more than the third of their
population in just few decades. This continuous migration is clearly shown through
contemporary censuses (1994, 2004, and 2014) (Table 1). The peasants’ younger
generation becoming more and more attracted to better jobs and opportunities
offered elsewhere.

Terraced Agroforestry Systems in West Anti-Atlas (Morocco) … 5
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3.3 Terraced Agroforestry Systems

3.3.1 Learning from History

For many millennia, faced with abrupt relief and the scarcity of flat surfaces suitable
to agriculture, many rustic techniques have been developed through peasants’
generations in order to “overcome” the ungrateful environment. The slopes were
completely transformed into innumerable floors, a kind of staircase of small ter-
raced plots, conducive to a more rational use of soil and water resources. The use of
these terraces goes back to a long history. According to most historians, this type of
sloppy land management for soil conservation and water resources optimization
would go back more than 1000 to 500 years before Christian era (Harfouche 2003).
While for some others, such as Despois (1956), they were derived from the much
older ‘Amazigh’ civilization as the Anti-Atlas remained totally outside the area of
Roman occupation.

3.3.2 Associated Management

Regularly restored and maintained, these terraced plots have not lost their
authenticity. They remain perfectly arranged according to altitude contour lines and
supported by walls made with dry stones of variable geological nature, locally
called ‘Igherman’. This term evokes a common concept that embraces protection,
resistance, and reinforcement. TAS is associated with multitude constructions
which can be described as ancillary developments derived from the original
topography of the land. Among these developments that can be observed while
travelling across these mountains, the threshing floor locally called ‘Inraren’ which
testify the past cereal mass production in Anti-Atlas. Others constructions have in
common the use of slope to harvest rainwater such as those many underground
cisterns called ‘Tanodfi’ that are found almost everywhere near the dwellings (Aziz
et al. 2014). These ancillary constructions were built in the same way as the terraced
fields: the peasants used the materials extracted on site and followed the same

Table 1 Demographic evolution according to the last three consecutive censuses, in Mountain
and Plain communes of Chtouka Ait Baha province of the Anti-Atlas

Communes Census 1994 Census 2004 Census 2014 GR

CTP D CTP D CTP D

Communes in mountain
(n = 11)

63,281 148,47 57,189 179,82 47,157 201,81 −1.63

Communes in plain
(n = 12)

176,811 217,19 240,056 344,58 323,945 482,42 1.96

Source Adapted from Haut Commissariat au Plan
CTP Commune total population, D Commune mean density, GR Growth rate during 20 years
(1994–2014)
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construction rules as the case of Igherman. Another associated structural devel-
opment that can also be considered as complementary, since it is closely linked to
agricultural terraces, is the famous fortified granaries named ‘Igoudar’ built on the
tops of the hills, where peasants store their cereal supplies that have been produced
on the terraced fields. Certainly, this type of management is found elsewhere, but
those of the Anti-Atlas have their own peculiarities.

3.3.3 TAS: An Adapted Food Security Management in Anti-Atlas

The slopes of the Anti-Atlas, particularly those exposed to north-west influence,
possess a well-diversified natural vegetation cover dominated by the endemic
Argania spinosa “Argan tree”. This emblematic tree constitutes by far the major
component of vegetation land cover under which lays not only agricultural activity
in terraces but also other plants and animal species are intimately associated. It
represents, along with other fruit trees, the basic natural resources for the dwellers.
However, above 1500 m of altitude, and under the effect of low temperatures and
high humidity, emerge other natural trees such as the green oak (Quercus ilex L.),
more adapted to these extreme conditions (El Aboudi 1990; Peltier 1982).

To convene their needs in food, the peasants of Anti-Atlas have sought to make
better use of the small land plots available by applying the concept of agroforestry.
This concept consisted in associating seasonal crops such as cereals and legumes,
and perennials ones including almond (Prunus dulcis), prickly pears (Opuntia ficus-
indica), and figs (Ficus carica). In addition to natural vegetation cover already
spruce in place, the implementation of this type of agroforestry systems and the
stable quantitative but also qualitative yield associated (Olivier et al. 2015) have
largely contributed to the sedentariness of the local populations, which have largely
focused their activities on agriculture and livestock breeding.

3.3.4 Advantages Beyond Food Security

Indeed, and beyond ensuring subsistence farming for peasants, agroforestry in
terraces have some great advantages and positive repercussions at various levels:

Agronomic attributes: Soil erosion is a permanent concern for Anti-Atlas farmers.
All surveyed farmers do not value their land unless it retains arable soil. The
terraced fields are traditional but genius systems that effectively retain soil vitality.
The presence of trees with rigorous root is an added value to limit soil erosion.
Water management: Agroforestry systems in terraces contribute not only to
regulate rainwater flows (Noorka and Heslop-Harrison 2014), but also and above all
prevent the siltation of small water reservoirs (Alahiane et al. 2016). At field level,
TAS optimize irrigation system on numerous small flat surfaces using the dew
water captured by the leaves of fruit trees and retaining by the walls, these systems
retain and recycle significant amount of water resources. Down the valley, the
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terraces which are closer to the water sources and stream paths benefit from a fairly
regular irrigation. However those in high altitudes depend exclusively on rainfall.
Ecosystem sustainability: Agroforestry systems in terraces play multiple
eco-systemic roles which go beyond a food production. These roles includes a
number of important ecological benefits such as carbon sequestration, the creation
of a microclimate that dampens thermal shocks, and the preservation of biodiversity
(flora & fauna). Soils of TAS retain more water and are richer in micro-organisms
and other invertebrates which enhance soil fertility. A wide range of animal and
plant species are tightly associated with TAS. For instance, the interstices created at
the level of Igherman shelter a multitude of very specific flora and fauna perfectly
contribute to the ecological balances of these terraces. A non-exhaustive species list
of Anti-Atlas TAS includes at least 44 endemic plants species and another 27
non-endemic, 9 mammal species, including the Barbary ground squirrel
(Atlantoxerus getulus L.), 7 bird species, and 14 reptile species (source: Centre for
Information Exchange on Biodiversity in Morocco). In addition, they constitute an
ideal site for the development of an important Arthropod fauna, like spiders and
Hymenoptera, mainly ant species, which constitute key actors in the biological
control of various phytophagous that threaten crops. Thus, similarly to the concept
of biodiversity “hotspot” areas (Myers et al. 2000), which identify priority areas for
wildlife conservation, the traditional agroforestry areas in the Anti-Atlas deserve to
carry such a designation, according to their high and specific associated biodiversity
and landraces (Achtak et al. 2010; Brush 1995).
Socio-economic assets: Agroforestry systems in terraces are true mountain foci
which concentrate and retain an important agrobiodiversity. Indeed, in the middle
of Anti-Atlas, they form by excellence a kind of reservoir/refuge for traditional
crops and very old seeds, genetically adapted to local conditions. These plant
genetic resources, made up of varieties selected by traditional knowledge and
maintained throughout the generations, constitute a “gene bank” available in situ in
these systems. Moreover, the charred remains of wood, seeds and various fruits
discovered on the site of Igîlîz by Ruas et al. (2015), are undeniably witness of great
diversity of plant species that have been able to thrive terroirs (a unique micro-
climate and traditional farming practices that affect a crop’s phenotype) in terraces
for centuries (96 plants of which 18 are cultivated).

In this context, our present investigation, far from being exhaustive, has nev-
ertheless enabled us to detect the existence of well-adapted plant species of great
socio-economic importance for the sedentary populations. Among these, and
beyond Argan tree which dominate the arboreal stratum, almond and fig represent a
second important source of income for peasants, then consecutively followed by the
preckly pears, and Carob tree (Ceratonia siliqua L.) which is scattered all over, but
with low density, green oak and Atlas pistache (Pistacia atlantica) in the highest
altitudes. Medicinal plants such as lavender (Lavandula stoechas L.), cistus (Cistus
villosus and C. salviifolius), cytise (Teline segonnei), mugwort (Artemisia herba-
alba) and thyme (Thymus satureioides), continue to decorate, here and there, the
cultivated terraces. For obvious reasons related to local knowledge and developed
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through centuries by the population in these areas, the medicinal virtues of these
plants are keenly sought and used by the peasant population. This have recently
evolved as a good income opportunity for women through the cooperative network,
taking advantage of the renewed interest for natural products. This great diversity of
plants also includes a melliferous flora, representing the basic variety of honey with
a very high gustatory and medicinal quality and firmly associated with the sub-
species of North African bees, Apis mellifera sahariensis. Less and less flourishing,
its production in traditional apiaries according to secular methods and commer-
cialization still provides a quite important income for numerous local households.

3.4 Terraced Agroforestry System: Significant Regression
Trend in the Anti-Atlas

Given the many advantages associated with the practice of agroforestry in terraces,
one should expect a prosperous state of these systems after a constructive reper-
cussion of local population guided by their necessity to survive in a harsh envi-
ronment. Yet, paradoxically, our investigations, although over a few limited slopes
of the Anti-Atlas, reflect a clear regression of this practice. This regression affects
both the quality and the number of terraces exploited. The diversity of species and
plant varieties is greatly affected. They are gradually regressing and are experi-
encing changes both in species composition and in cultivated varieties. The number
of fruit trees, for instance, and in comparison with agrosystems located in the Rif
Mountains (northern Morocco) where the number of varieties exceeds a hundred,
remains much lower in the Anti-Atlas slopes. A similar trend is also observed in
cereals and legumes, which have always been important for food and feedstuffs.
Considering cereals, for example, only three species are still cultivated (barley,
wheat, and maize), often with only one variety per species.

The majority of the questioned peasants (only the elderly were considered),
recognized a drastic decrease in numbers of cultivated species and local varieties.
They agreed on the responsibility of climatic factor, and linked such a regressive
trend with inadequate water resources and drought which is increasingly thump this
region. However, down the valley, along the water streams and near natural water
springs, several species persist. But the few streams that feed an extensive regional
hydrographic network are largely dependent on rainfall irregularities. Increasingly
dry, these streams only run for a few months, from November through April,
sometimes with short but destructive and violent floods. In these conditions, species
and traditional varieties, which have been selected for generations, and which are
sometimes peculiar to the region, gradually give a lead to new varieties which are
indeed more productive and therefore economically profitable but less relevant in
many aspects. Consequently, a good number of terraced plots have been totally
abandoned or at least poorly maintained and are no longer the centre of interest for
“young” peasants (Fig. 2).
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In reality, it would be fairly simplistic to attribute all these reasons to climate
change alone, the problem seems to be more complex. To draw a more realistic and
comprehensive view of the issue, it is wise to estimate the relative share inherent in
other factors. In the case of Anti-Atlas region, the socio-economic and
socio-cultural factors play significant role as well. The sharp decline in agroforestry
practice among the Anti-Atlas farmers is partially due to their passive behaviour
and incapability to endorse new adaptive techniques.

Throughout the survey, the primary impression is a dominant sense of care-
lessness of farmers towards the seriousness of the situation. But, after in-depth
analysis, one realizes the rational and the purely economic reasons that explain the
situation of TAS in Anti-Atlas. The high production costs combined with high risks
due to rainfall irregularity have often been reported as the main reason by the
surveyed farmers. Wild boar (Sus scrofa) visits become more and more frequent
causing costly damages to the crops. Increasingly, these undesirable visits of a
purely wildlife, in themselves translate the beginning of ecological unbalances that
are not unrelated to climate change. On the other hand, and unlike farmers in other
similar regions such as in the Rif Mountains (north of Morocco), those from our
prospecting area seem to be investing less and less in improving agricultural
practices and maintaining agricultural terraces. According to our observations, the
cultivation and the maintenance of the installations and the arboriculture are limited
to the irrigated terroirs and the surroundings of the farmers’ houses. The further
away one gets, the degradation of terraced fields becomes evident and very pro-
nounced. Moreover, farmers use a very detrimental solution by overexploitation of
natural forest through overgrazing and medicinal plants harvesting.

The traditions and the agricultural know-how of the sedentary populations
outlined an important part of the cultural heritage accumulated and transmitted
through peasants’ generations. It is noted that women play major role in this
transmission. The emotional connection that unites farmers to their land constitutes
an indispensable prerequisite for the survival and the perpetuation of this traditional
agroforestry system. Yet, there is no need to highlight that this link becomes more
and more eroded and generally threatens the survival of these ecosystems.

Fig. 2 An illustration of maintained (a) and abandoned (b) TAS
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Rationally destined to take over, the younger generation is facing the dilemma of
“perpetuating the agricultural heritage versus significant decline in yield and future
uncertainties”.

This particular population aspires to a better future and look forward to explore
other prosperous opportunities. The vast valley of Souss-Massa attracts most work-
forces from various regions, including from villages of the Anti-Atlas. This attraction
contributes widely to the desertion of the Anti-Atlas agroforestry ecosystem.

3.5 Drought Incidence in Morocco and Anti-Atlas Region

There are many definition of drought, but all of them usually resulted from an
accumulated water deficiency over a period of time (Natsagdorj 2012; Palmer 1965;
Wilhite and Glantz 1985). As a Mediterranean country, Morocco is susceptible to
alternation of drought hazards. A proxy data from Cedar tree rings (Cedrus
atlantica) show clear intermittent of dry/wet regimes covering a period of 20–
25 years. Two dry patterns periods were revealed; 1860–1900 and 1925–1950
(Chbouki et al. 1995). Based on these facts, Morocco is likely to experience a dry
period between 2025 and 2050. For instance, an assessment of drought hazard near
Rabat based on annual rainfall anomaly analysis identified 20 drought incidences
over the period 1951–1997 (Natsagdorj 2012). To illustrate the consistency of these
results, we will investigate the drought incidence over Morocco using the Palmer
Drought Severity Index, and the Köppen-Geiger climate classification over
Anti-Atlas region.

3.5.1 Palmer Drought Severity Index (PDSI)

Palmer Drought Severity Index (PDSI) for Morocco was calculated based on Cedar
tree rings width data (Esper et al. 2007, 2009), which allows capturing long-term
changes in PDSI over the period 1049–2001. Since 1900, PDSI highlights drier
years than wetter years (around 1960s). It shows a remarkable trend in sever (<−3)
and extreme (<−5) droughts mainly since 1980s (Fig. 3).

During this period (1900–2001), PDSI ranged from −5.97 to +3.98 and expected
to be −3.1 by 2050 and −4.1 by 2100. The correlation between date and PDSI is
negatively significant (r = −0.317; p < 0.001). In other words, Morocco is
expecting dryer future ahead.

This expected dryness was also confirmed in Anti-Atlas. Several studies
investigated the impact of climate change on argan forest (Charrouf and Guillaume
2009; Kenny and De Zborowski 2007; Le Polain de Waroux and Lambini 2012;
Morton and Voss 1987). The results predicted noticeable deficiency of an annual
precipitation and prolonged drought periods which put extra risk toward the
extinction of argan forest. Certainly, the area of argan forest in Anti-Atlas has
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decreased by 44.5% between 1970 and 2007. This deforestation is consensually
believed to be largely caused by the increasing frequency of drought incidences.

3.5.2 The Köppen-Geiger Climate Classification

The climate type classification data (Köppen-Geiger) make it possible to reveal a
changing climate over a specific region with resolution of 0.5° latitude and lon-
gitude. We downscale this data to fit the Anti-Atlas region, specifically over
Chtouka Ait-Baha province. The data allows presentation of observed (including
proxy data) as well as future estimates based on IPCC scenarios (Kottek et al.
2006). Data, 1901–2100, were retrieved from World Maps of Köppen-Geiger cli-
mate classification then imported to DivaGIS software.

The result (Fig. 4) shows three maps representing observed (Ob 1901_1925) and
projected (A1FI 2001_2025 and A1FI 2076_2100) data of 25 years each. The
legend gathers three letters that follows Köppe-Geiger climate classification which
designs the type of dominated climate. The first letter provides an indication about
the main climates (here: B refers to arid climate and C to warm temperate climate),
the 2nd letter designates the main precipitation regime (here: W refers to desert, S
refers to steppe, and miniscule “s” refers to dry summer), and the 3rd letter des-
ignates a type of temperature regime (here: k refers to cold arid temperature, and h
to hot arid temperature). The legend of Fig. 4 can be read as, BWh: arid climate
with deserted environment and hot arid temperature; BSk: arid climate with steppe
vegetation cover and cold arid temperature; BSh: arid climate with steppe vege-
tation cover and hot arid temperature; Csa: warm temperate climate with dry and
hot summer; and Csb: warm temperate climate with dry and warmer summer.

From Fig. 4, we can state that the climate type over the study area (white circle)
shifted from BSh in the first quarter of the 20th century to BWh in the last quarter of
the 21st century. In other words, this northwards shift results mainly from the
change in precipitation regime which shifted from a steppe to a desert environment.
The precipitation deficiency is expected to be the major determinant to put this
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Fig. 3 PDSI covering a period of 1900–2001, based on Cedrusatlantica tree ring width data (data
source Esper et al. 2007)
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region under high risk of desertification. Therefore, the agroforestry systems are
expected to face an arid/desert climate featured with low precipitation and hot
temperature in summer.

In brief, the Anti-Atlas region is better to be prepared for more drought inci-
dences if we are going to safeguard this famous agro-biodiversity heritage from
total extinction.

3.6 Prospect for Sustainable Development in Anti-Atlas
(Chtouka Ait Baha)

According to our results, prospect for sustainable development in Anti-Atlas can
only be though by ensuring food security and prosperity for its communities. Food

Fig. 4 Observed (Ob) and projected (A1FI) climate type shifts: Ob1901_1925, A1FI2001_2025,
and A1FI2075_2100, based on the Köppen-Geiger climate classification world maps, using IPCC
fossil intensive (A1FI IPCC) scenario. White circle refers to the study area, more legend embedded
in the text
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security is ensured by TAS productivity which in turn linked to climatic conditions
(Brown and Funk 2008; David et al. 2008). While prosperity of its community
depends on their resilient capacity. Unfortunately, these communities are living at
the expense of their surrounding natural resources, and thus are economically
fragile and socially vulnerable. The situation is more complex and emanates from a
set of factors which can be summarized into two major but non-exclusive cate-
gories: climatic and human factors.

3.6.1 Climatic Factors

Mixed agriculture (trees/intercropping) in TAS maintains high quality soils with
better microbial resilience (Lacombe et al. 2009; Rivest et al. 2013), high water
retention, and enhance mineral uptake (Olivier et al. 2015). Also, the rhizosphere is
conducive to the development of a diversified pedofauna (Cromack et al. 1988).
Nevertheless, the ongoing warming and the ever-increasing scarcity of water
resources put into risk the subsistence of well featured crop species in these sys-
tems. Our investigations show that many traditional varieties, known as “beldi” (or
autochthon), underwent a long selection history and adaptation process by peasant’s
generations, have progressively or even totally disappeared over the last decades.
Their replacement by mono-varietal crops and the ongoing intensive genetic ero-
sion in these agroforestry systems represent a true threat to food security of local
population (Esquinas-Alcazar 2005). This situation is unlikely to end here, rather
the climatic disturbances could even have an impact in the near future on
small-scale cereal crops (Lobell et al. 2008).

According to the farmers questioned, the water stress caused by the dysfunction
of the climate is to a large extent no longer allowing a satisfactory yield. Trees, such
as argan and almond, were always and will continue to be the backbone element of
these traditional agro-systems. The microclimate generated by these trees in TAS is
indeed helping the good development of intercropping. However, although trees
persist today, they have experienced a significant decrease in density, which
exacerbates the already detrimental effects of global warming in this region.
Alarming signs have already shown up in the argan forest. During the twentieth
century, its area has been reduced by half and, in some places, tree density is 66%
lower than it was 50 years ago (Charrouf and Guillaume 2008, 2009; M’Hirit et al.
1998). This severe forest decline was also highlighted using gridded tree counts on
aerial photographs and satellite images and was linked mainly to the increasing
aridity. However, no effect of grazing by local livestock was found (Le Polain de
Waroux and Lambin 2012). Therefore, the expected drought incidences found in
our analysis will certainly affect a large wild fauna and flora that is dependent on
argan forest agrosystems. The consequences will no longer be limited to merely
agricultural shortfall rather it will affect all ecological balances and ecosystem
services in a more holistic manner in this region.
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3.6.2 Human Factors

Much of these factors represent a straightforward, sometimes obsolete, response to
the consequences of climate change. Increasingly overwhelmed by the adverse
consequences of drought incidences, farmers were continually forced to seek
alternatives to mitigate such effects. Thus, some crops considered more resistant to
thermal and water stresses have already substituted old crops, just few decades ago
were prosperous in terrace systems. In our opinion, the example of the lentil (Lens
culinaris L.), virtually disappeared from these systems, is most representative of
this upheaval change in terraced crops. This disappearance is not due to a lack of
interest for this food; rather it is an actively sought-after crop as an essential
ingredient of farmers’ everyday meal. Sadly, it is only available in the week markets
(souks). Worse still, the local varieties become progressively more dominated by
commercial ones, which is less tasty with low gastronomic quality. This impov-
erishment in the “reservoir” of plant species and genetic resources occurring in the
Anti-Atlas agroforestry systems, have certainly led, in just few decades, to a total
transformation of the local botanical landscape, with an alarming decline in species
richness accompanied with a parallel erosion of traditional genetic resources.

Thus, like other traditional agro-systems (Achtak et al. 2010; Brush 1995;
Hmimsa and Ater 2008), those in terraces that formed a sort of hotspot zone for
cultivated plants, have gradually lost such a patrimonial characteristic. This situa-
tion has indisputably been exacerbated by a total ignorance of climate change issue
among farmers and climate-terraces associated particularities. Furthermore, the total
absence of any land/crop maintenance using either classical or innovative tech-
niques (e.g.: density and distribution of cultivated plants for better management of
root competition over water/mineral intake and light) is rather striking and has
hardly resisted this trend of decline in agrobiodiversity.

Agroforestry systems have proved to be the best fit to adapt to climate change.
For instance, the Rif agroforestry systems (northern Morocco) are sheltering
panoply of traditional plant species despite noticeable but less severe climate
change effects (Achtak et al. 2010; Hmimsa and Ater 2008). The study of mountain
oases in northern Oman (Gulf) recorded a rich agro-biodiversity with 107 crop
species belonging to 39 families, including 33 fruit species (Gebauer et al. 2007).
However, the future of agroforestry terraces systems in the Anti-Atlas is strongly
threatened and evolves towards extinction. Particularly, the increasingly deprived
peasants resort to the deforestation of the argan forest which does little to help the
situation. Furthermore, the greed for argan oil, increasingly sought-after for its
culinary, cosmetic virtues, and better valued on the national and international
markets in particular, which ultimately poses a real threat to this endemic and
highly emblematic specie (Lybbert et al. 2011).

The most important issue and probably the most critical one is that the young
generation is more and more disinterested in this kind of livelihood and look for
alternatives income even outside the agricultural sector. Only the elderly peasants
persevere with limited techniques, funding, as well as motivation based hope. The
plots are not only less maintained, but they become less and less abundant and
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sometimes even left without regular farming practices. Such a social shift was
inevitable and was likely to occur as a result of the growing economic needs of an
increasingly demanding young generation combined with plentiful job opportuni-
ties in the high-yielding cultivated plains of the great adjacent Souss valley (El
Fasskaoui 2009). The accelerating effect of climate change is certainly the main
cause promoting the migration of young peasants after experiencing decades of a
continuous fall in terraced agro-systems productivity, and subsequently the sub-
sistence incomes of peasant household. In these regions, the rate of population
growth, normally positive and even higher than in urban areas, remains strangely
negative. The shock wave of climate disturbances is therefore no longer socially
restricted and limited geographically, but its resonance even reaches the social
equilibrium of large cities with a strong economy. In addition to this, food inse-
curity adds another social dimension, no less threatening, felt more and more in the
megacities, hub of immigration.

We certainly believe it is urgent time to revive the relationship between the
younger generation and their land. For instance, financial incentives may be one of
the alternatives. However, such an approach should be only to trigger the reha-
bilitation process and cannot constitute the core resilience measure in the long term.

In this study, we intended to emphasize the Moroccan Anti-Atlas as one of the
most fragile and the most destabilized region affected by global warming, and to
urge all stakeholders to take action to safeguard this precious ancestral heritage.
Although the Moroccan policy promotes the protection, conservation, and valori-
sation of ancestral agricultures in remote areas, including the Anti-Atlas, it is still
far from reaching the expected results. By far, such policy requires the involvement
of all actors and ensuring enough financial resources which public fund cannot
afford alone. If no resilience and adaptation measures are undertaken at different
levels to preserve crop diversity and to improve production for a sustainable
development (Mooney et al. 2005), the situation will undoubtedly lead to the
disruption of ecosystem equilibrium. The dramatic and multidimensional conse-
quences, already on the horizon, will emerge on the social, heritage, and ecosystem
levels.

If it is not possible to act on the problem upstream, as climate change is global
and depends on a complexity and a conjuncture of events and macroeconomic
factors, it is quite possible to propose appropriate actions further downstream.
These should not be merely operations of technical supervision of farmers, distri-
bution of selected seeds and seedlings, creation of cooperatives here and there,
valorisation of local products such as argan oil, or establishment of tourist activities,
but rather regional/communal/local strategies based on long term commitment and
participatory approaches involving all stockholders. The aim is not only to warn
and prevent, but also, and above all, to develop decision-making tools in order to
better cope with a less favourable and rapidly changing climate, environment, and
social realities.
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4 Conclusion

Generally, the impacts of climate change deeply affect the structure and the balance
of an ecosystem. In Morocco, the Anti-Atlas region is by far the most affect, since it
is located at the gates of the Sahara. The regression of agroforestry systems has
multiple and interdependent consequences operating at various levels. If the
ecosystem component is largely unbalanced via the central ecological role played
by this very particular and advantageous agricultural system, the social aspects are
even more unbalanced and seem to be highly fragile by this regression.

Faced with this scenario, and in addition to a major ecological disruption, the
threat of food insecurity hangs seriously in Anti-Atlas. Indeed, our finding of cli-
mate data analysis over the study area are in agreement with the 4th and 5th IPCC
report predict dry periods in North Africa in the coming decades (IPCC 2007,
2014). The resilience measures undertaken remain timid, minor, less integrated, and
unable to cope with the magnitude of such a metamorphosis of the landscape and
the surrounding climate. If more influential measures are more urgent than ever,
they must emerge from preliminary research of multidisciplinary studies carried out
in these regions, which integrate different sectors and dissect all the parameters,
causes, and effects relationships that govern the complex functionalities of this yet
unknown landscape.

Although the threat perspectives are certainly diverse, two synergistic approa-
ches seem to be of great interest within the perspective of safeguarding of this
traditional agronomic abode. First, the use of the Payment for environmental ser-
vices (PES) process can be effective in this context and could persuade and
encourage the younger generation to take back these increasingly neglected sys-
tems. Nevertheless, it is clear that such a purely financial motivation, devoid of any
local identity and cultural values, cannot by itself produce the expected results.
A parallel support cantered on the true valorisation of local and traditional products
will certainly contribute to revive these agro-systems from the process of extinction.

Acknowledgements Authors present their gratitude to Dr. Ahmed AMRI for the proof reading of
this publication.
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Increasing Pulse Consumption
to Improve Human Health and Food
Security and to Mitigate Climate
Change

Beatriz Oliveira, Ana Pinto de Moura and Luís Miguel Cunha

Abstract Human food security requires both the production of sufficient quantities
of high-quality protein and dietary change. This is particularly relevant given the
present concurrence of rising human population, climate change and changing
consumption habits. Pulses are recognized as being readily available sources of
protein, complex carbohydrates, fibres, vitamins and minerals. Additionally, pulses,
as well as other legumes, have the exceptional capacity of significantly increasing
soil fertility, yields of companion or subsequent crops, biodiversity, environmental
protection and climate change mitigation. Despite this, the use of pulses for food
purposes is low in Western Europe, where pulses are mainly used for feed. This
chapter reviews some of the environmental, nutritional and health benefits of pul-
ses, and presents the main results of a campaign developed in a food service setting
as an example of ways to increase the amount of pulse consumption. Results show a
high acceptability of pulse consumption, whenever food services present alterna-
tives to meat protein based on pulse protein.
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1 Introduction

Food is essential to our survival, yet the Food and Agriculture Organization of the
United Nations (FAO) estimates that about 805 million people were undernourished
in 2012–14. About 14.6 million undernourished people lived in developed countries
(<5% of their overall population), whereas 790.7 million undernourished people
lived in developing countries, corresponding to 13.5% of their overall population
(FAO et al. 2014). On the other hand, food scarcity coexists with excessive con-
sumption. Globally, 35% of adults aged 20 and older were overweight, with half a
billion of them obese (WHO 2011). At least 2.8 million people die each year as a
result of being overweight or obese. The increasing global prevalence of overweight
and obesity has serious implications on health, increasing the risk of type 2 dia-
betes, cardiovascular disease, strokes and some cancers (WHO 2011). Furthermore,
rising population levels combined with shifting dietary patterns in emerging
economies will put increasing pressure on the global food supply as more food is
necessary to feed the people. The United Nations predicted that the world popu-
lation would reach 9.6 billion by 2050 (UN 2012), which will require either a 70%
increase in food production, excluding crops used for biofuels (FAO 2009) or a
more efficient food production and use of natural resources (European Commission
2014).

Additionally, over the past decades, rapid changes in diets and lifestyles have
occurred with industrialisation, urbanisation, economic development and market
globalisation. These drivers promote the process of diet Westernization among
other cultures/countries, namely towards upper-to middle-income developing
economies (Drewnowski and Popkin 1997), and even in populations which have
rich and deeply rooted culinary traditions, such as Japan (Morinaka et al. 2013) or
Southern Europeans countries (Varela-Moreiras et al. 2010). This dietary pattern,
belonging to the common eating habits in developed countries of Western Europe
and the United States of America, is characterized by a high consumption of red
meat, refined grains, processed meat, dairy products, processed and artificially
sweetened foods, and salt, with minimal intake of fruits, vegetables, fish, legumes,
and whole grains (Cordain et al. 2005). In fact, food consumption of meat is
increasing, with the largest increments occurring in developing countries.
Developing countries between 1969/1971 and 2005/2007 have accounted for a
large share of this increase in food consumption per capita (kcal/person/day) from
11 to 28, contrasting with the 63–80 increase for industrial countries over this
period (FAO 2006). In addition, most developing countries especially China and
Brazil, have largely completed the transition to animal products: meat and livestock
products (eggs and dairy foods). On other hand, in both developing and industrial
countries (and again notably in China), declines were observed for the consumption
of pulses, roots and tubers between 1963 and 2003. There is also a great consensus
in the scientific community about the importance of changing the Western diet to
have a positive outcome for both people’s health and the environment (Friel et al.
2009).
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In this context, better promotion and broader use of pulses could be an important
solution towards making food systems more sustainable and nutrition-sensitive. In
order to support the spread of knowledge on pulses and trigger positive transfor-
mations in the pulses sector, FAO declared 2016 the International Year of Pulses
under the slogan “International Year of Pulses: Nutritious Seeds for a Sustainable
Future” (UN 2014).

Despite the various benefits and uses of pulses, the consumption of pulses, per
capita, has seen a slow but steady decline in both developed and developing
countries, dropping from 9.4 kg/person/year in 1961, to 7.2 kg/person/year in
2013. For Europe, the food supply of pulses, ranged between 3.4 kg/person/year in
1961 and 2.5 kg/person/year in 2013 (FAOSTAT 2017). As a result, there is a huge
need to increase production and ensure that pulses are widely available for con-
sumption throughout the world. The purpose of this paper is to evaluate nutritional,
health and environmental benefits associated with the consumption of pulses; to
evaluate the consumption of pulses, particularly in Europe. It also presents an
example of a campaign that attempted to increase pulse consumption in a food
service setting.

2 Benefits Deriving from Pulses

Pulses, a subgroup of legumes, are the crop plant members of the Leguminosae
family that produce edible seeds (e.g. dry beans, chickpeas, lentils, dry peas), used
for human and animal consumption (FAO 1994). Only legumes harvested for dry
grain are classified as pulses. Likewise, pulses do not comprise legume crops that
are harvested in their green stage for food, which are classified as vegetable crops
(e.g. green beans, green peas). Also, that crops that are mainly used for oil
extraction (e.g. soybeans, peanuts and groundnuts) and leguminous crops that are
used exclusively for sowing purposes (e.g. seeds of clover and alfalfa) have been
excluded.

2.1 Nutritional and Health Benefits

Although nutrient composition varies among different pulses, in general, they
provide high protein and fibre content and are a significant source of vitamins and
minerals (Table 1). The protein content of most pulses falls within the range of 18–
32% of dry weight, twice the amount found in cereals, providing well balanced
essential amino acid profiles when consumed with cereals (Boye et al. 2010). As a
result, proteins from pulses are valuable supplements to cereal-based diets (Rebello
et al. 2014). Moreover, pulses contain both soluble and insoluble fibres (Tosh and
Yada 2010). The soluble fibre ferments, positively affecting colon health through
the production of short chain fatty acids (SCFA), lowering pH, and promoting
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microbiotal changes. They also help to control blood glucose level and to reduce
blood LDL-cholesterol levels, which can lower the risk of heart attack and stroke
(Curran 2012; Ha et al. 2014; Tosh and Yada 2010). Pulse consumption also
increases gastric distention and helps to slow gastric emptying rate (Howarth et al.
2001). The insoluble fibres help with digestion and regularity: promoting the
movement of material through the digestive system, thereby improving laxation,
and being associated with faecal bulking through its water-holding capacity
(McCrory et al. 2010; Tosh and Yada 2010).

For a food that is high in carbohydrates, pulses have a low glycaemic index
(Foster-Powell et al. 2002), meaning that they do not cause a fast rise in blood sugar
after eating, which is particularly important for people with diabetes. Other complex
carbohydrates present in pulses are resistant and slowly digestible starch, and the
raffinose family of the oligosaccharides (McCrory et al. 2010). These oligosac-
charides resist digestion and absorption in the digestive system and are fermented
by the colon’s microflora, producing gases that give flatulence, and SCFA that
support the health of the intestinal mucosa (Hoover et al. 2010; Tosh and Yada
2010).

Pulses are also nutrient dense, providing substantial amount of minerals (e.g.
potassium-K, phosphorus-P, magnesium-Mg and calcium-Ca) and vitamins (C, E,
folate, thiamine and niacin). They contain a variety of phytochemicals, including
phenolic compounds, tannins, phenolic acids and flavonoids, acting as antioxidants
and other minor constituents (saponins and phytates). These exhibit bioactivity and
improve glycaemic control, protecting against hypocholesterolaemia, cancer and
diabetes. The high content of fibre and protein in pulses and the low glycaemic
index leads a positive association between pulse consumption and increased satiety,
thus having an important role in body weight management and overweight
reduction (McCrory et al. 2010). Finally, pulses are a low fat source, containing
zero cholesterol and are free of gluten, hence they are also an ideal food for celiac
patients.

2.2 Environmental Benefits

Crop production, food processing and product marketing generate greenhouse gases
(GHG) that absorb infrared radiation in the atmosphere, trapping heat and warming
the surface of the Earth, contributing to global climate change. In 2010, emissions
from agriculture, forestry and other land use produced approximately 12 gigatonnes
of CO2 equivalent emissions (GtCO2eq), accounting for 24% of the 49 GtCO2eq
total GHG emissions (IPCC 2014). While CO2 emissions are concentrated in the
energy sector, the non-carbon dioxide (non-CO2) GHG are dominated by the
agricultural sector, as it was estimated to be 5.2–5.8 GtCO2eq in 2010 and com-
prising about 10–12% of global anthropogenic emissions (IPCC 2014; Tubiello
et al. 2013). Organic and inorganic materials provided as input or output in the
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management of agricultural systems are typically broken down through bacterial
processes, releasing significant amounts of CO2, CH4, and N2O to the atmosphere.

Although CO2 remains the major anthropogenic GHG, accounting for 76% (38
GtCO2eq) of the total anthropogenic GHG emissions in 2010, the non-CO2 GHG
are more potent than CO2 (per unit weight), trapping more heat within the atmo-
sphere. The three major GHG associated with agriculture are carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N2O) (EPA 2012). Each molecule of methane
(CH4) released into the atmosphere is 23 more times effective at trapping heat
compared to an equivalent unit of CO2, and 296 times for N2O (IPCC 2001).

As pulses are relatively high in protein content, they present a low carbon
footprint because they reduce farmers’ dependence on synthetic N fertilizers (N
inputs) responsible for generate N2O emissions (Lemke et al. 2007; Tongwane et al.
2016). This implies that pulses indirectly reduce GHG emissions. Pulse crops have
the ability to supply most of their nitrogen with the help of the symbiotic Rhizobia
bacteria living in their roots (Ali and Venkatesh 2014). Bacteria fix atmospheric
nitrogen (N2) into the NH4+ that is largely used by pulse crops to form protein
compounds, reducing the N availability for nitrification and subsequent denitrifi-
cation that is associated with N2O emission (Synder et al. 2009). The adoption of a
diversified cropping system (crop rotation or inter-cropping) promotes the reduction
of the carbon footprint of crop products. According to Gan et al. results, cereals
grown in diversified cropping systems have a lower carbon footprint, as the same
amount of yield can be achieved with less inputs like N fertilizer. Durum wheat
grown after a pulse crop had a lower carbon footprint than when grown after a
monoculture cereal system (Gan et al. 2011).

The unique ability to biologically fix nitrogen has also a direct and positive
impact on soil biodiversity. Healthy soils contain a diversity of living organisms
that range from bacteria and fungi to tiny insects, earthworms, moles and plant
roots, considering their symbiotic relationships and interactions with other soil
components. These diverse organisms interact with one another and with the var-
ious plants and animals in the ecosystem, forming a complex web of biological
activity that contributes to a wide range of essential services to the sustainable
function of all ecosystems (FAO 2002). The microbial biomass decomposes plant
and animal residues and soil organic matter to release carbon dioxide and plant
available nutrients (Blanchart et al. 2006). The presence of the residues of legume
crops in the soil returns nitrogen to the system and maintains/increases microbial
biomass, because they nourish microorganisms with carbon and high N contents
that they need. Some pulses (e.g. chickpea, pigeon pea) also have the ability to
increase the availability of phosphorus, which plays an important role in plant
nutrition (Rose et al. 2010), naturally providing two fertilizers.

By producing their own fixed nitrogen in the soil, pulses contribute to higher
yields in subsequent crop rotations, while at the same time boosting soil fertility,
which in turn helps to decrease the carbon footprint of future crops. If pulse crops
are used as green manure, considerable amounts of N can be supplied to the
succeeding crop as pulse crops residue decomposes and contributes with N to the
next crop. In dryland agriculture pulses are a part of the crop rotation, as sole crops,
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intercrops and relay crops are important both for improving productivity and sus-
tainability of agriculture (Venkatesh et al. 2014).

Additionally, pulses require less water compared to other natural sources of
proteins as water used to produce one kilogram of beef, mutton, chicken and lentils
amounts to 13,000; 5,520; 4,325 and 1,250 L, respectively (FAO 2016). As a
result, they can be cultivated in regions with limited or often erratic rainfall and they
can tolerate drought stress better than other crops like wheat or canola (Cutforth
et al. 2009). Comparing to other crops (oilseeds and wheat), pulses have a deep
rooting systems (e.g. chickpea), which enable them to draw nutrients and moisture
from deeper layers of the soil, without competing with other crops for water (Gan
et al. 2009).

Finally, pulses can remain in edible condition for a long duration of time (more
than one year) with their nutritional proprieties being retained, if stored in dry
places (at room temperature), in airtight containers and protected against rodent,
insect and micro-organism attacks (Tiwari and Singh 2012). Since pulses are shelf
stable with no refrigeration, the proportion of food waste or spoilage is very low
(FAO 2016). This is particularly relevant, since in developing countries, food waste
arose mostly during the early and middle stages of the food chain (production,
harvest, processing, storage and transportation stages), due to lack of infrastructures
within the food chain, and lack of knowledge or investment in technologies (FAO
2012).

3 Pulses Consumption in Europe

Europe displays a low consumption of pulses, representing, in 2013, 9% of the
world supply, with 2.6 kg/capita (Table 2). These values clearly contrast with Asia,
the continent with the highest consumption of pulses and particularly with India, the
single main contributor to pulse consumption in the World, as pulses are an
important source of protein for their largely vegetarian population. In 2013, the
domestic consumption of food pulses in Asia and India represented 54 and 30% of
the world food supply of pulses, respectively, with an annual food supply of pulses
of 14.9 kg/capita in India. The European situation may be explained by the
changing dietary patterns and consumer preferences, where the sources of protein
shift from vegetable proteins to animal proteins (dairy and meat sources). In fact, in
the early stages of the Common Agricultural Policy (PAC), grain legume crops that
are used exclusively for human consumption (chickpea, cowpea, groundnut, lentil,
and common bean) dominated grain legume cropping in Europe with 67% of the
area. This dropped to 22% by 2010 (Bues et al. 2013). The higher consumption of
meat, demanding for protein-rich feed has been met by a higher production of grain
legumes being used as animal feed and greatly increasing imports of soya bean that
provide the necessary protein enrichment for cereal-based animal feeds (Bues et al.
2013).
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Consumption of pulses varies among the four different European regions, as
there are different regional food habits and differences in production (Schneider
2002). In 2013, Southern Europeans had an average consumption of 5.2 kg/capita,
Northern Europeans had 3.1 kg/capita, and Eastern and Western Europeans had
1.8 kg/capita and 1.3 kg/capita, respectively. As a result, we are confronted with
North–South consumption disparity and similar lower consumption in the Eastern
and Western regions (FAOSTAT 2017).

The Mediterranean Diet is responsible for the majority of the use of pulses for
food in Europe, particularly for the Mediterranean European countries, namely
Cyprus, Croatia, (Southern) France, Greece, Italy, Portugal and Spain. Amongst
those countries, Spain maintains its position as one of the principal consumers
(5.3 kg/per capita, in 2013), where pulses appear in many traditional recipes and
modern creative reinterpretations from the country’s top chefs, with the inclusion of
chickpeas, beans and lentils (O’Broin and Tucci 2016). In fact, in the Mediterranean
Diet Pyramid, pulses appear at the base, alongside fruits, vegetables, grains, olive
oil, herbs, and spices (Bach-Faig et al. 2011), as the Mediterranean Diet is a
plant-based pattern, where vegetables, fruits, cereals (preferably as whole grain),
legumes and nuts should be consumed in high amount and frequency (Willet et al.
1995).

In the same way, the New Food Guide for the Portuguese population recom-
mends 1–2 daily food portions of pulses (fresh and dried), corresponding to 25 g
dried or 80 g cooked dried/fresh, in accordance with the established range of energy
values corresponding to 2,200 kcal (Rodrigues et al. 2006). In this guide, pulses
form a new and individual group. The rational for this approach was both an
attempt to bring back their importance to Portuguese food habits and to substitute
animal protein for vegetal protein, thus reducing saturated fat consumption
(Rodrigues et al. 2006). Nevertheless, following the Portuguese Food Balance
Sheet, for the quinquennium 2012–2016, a deficit of pulse availability was

Table 2 World food supply of pulses in 2013

Regions Food supply World food supply used (%)

(t) (kg/capita/year)

World 72,195,000 7.2 100

Africa 15,840,000 11.8 22

America 10,440,000 9.1 14

Asia 38,859,000 6.6 54

Europe 6,295,000 2.6 9

Northern Europe 744,000 3.1 1

Southern Europe 1,453,000 5.2 2

Eastern Europe 3,015,000 1.8 4

Western Europe 1,083,000 1.3 1.5

Oceania 762,000 2.1 1

Source FAOSTAT (2017)
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observed, corresponding to 0.6% of the total food availability, against the recom-
mended 4.0% of the total food intake, as promoted by the New Food Guide rec-
ommendations (INE 2017).

4 An Example on: How to Increase the Amount of Pulse
Consumption in a Food Service Setting? the “Choose
Beans” Campaign

4.1 The Relevance of Catering Sector in Food Provision

In Europe, the catering sector is characterised by a high level of market concen-
tration in the majority of the member states. In recent years, the main growth areas
for EU contract caterers have been in sectors other than business and industry, even
though this segment has remained dominant in terms of market value. Market
development and sales growth for contract catering have been higher than average
in the health and social welfare sector as well as in the education sector (Gira
Foodservice 2009).

In the catering sector, sustainability related challenges arise from a number of
aspects along the value chain, ranging from climate change, which affects food
production, to the provision of a food service with impacts on the health, safety and
well-being of consumers. Thus, the responsibilities of these businesses should
include a social role in food education and raising awareness as to conscious and
healthy lifestyle and food choices (Oliveira et al. 2016).

The catering company considered as object of study operates in Portugal for the
corporate market and the broader public, diversifying their activities across contract
catering, cafeterias and canteens, vending and specialised on-site catering activities.
In 2017, the company was responsible for providing 144,000 meals per day, across
1,027 units, prepared and served by a workforce of 3,800 employees, and recording
a turnover of 119 M€. The company embraces a set of initiatives that bring together
environmental, social and food campaigns launched at their food service units. The
success of this contribution is achieved by working with customers and consumers
—who share similar concerns on these issues—in the form of events, campaigns or
more long-term initiatives.

4.2 The Choose Beans Campaign

The Choose Beans campaign is integrated into a broad project that has the goal of
incorporating all campaigns and practices aimed at environmental, social and
nutritional improvement, where in the company has invested. The objective of this
campaign was to encourage the consumption of legumes (and within these, pulses),
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among their final consumers. This was done by diversifying products on offer, as a
way to promote healthier and more balanced meals, with smaller ecological
footprints.

The Choose Beans campaign has been implemented across the corporate market
segment, lasting from October 2011 to September 2017, and was implemented in
30 units.

The implementation phase consisted in the introduction of 12 new dishes on the
menu with the incorporation of five pulses (fava beans, peas, beans, chickpeas and
lentils) and soybeans included in the soup and main course. To raise awareness
about pulses, their consumption recommendations and benefits, and to arouse
curiosity and consumer interest, the company promoted workshops at these units.
Graphic communication for each pulse was also developed (Fig. 1) and partakers
were given a participation gift corresponding to a gauze bag with the recommended
daily amount of the various dried pulses. During the introduction of new dishes,
each unit counted with the presence of a nutritionist to raise consumers’ awareness
about pulses. This nutritionist presented various pulse samples, information leaflets
about recommendations and benefits of pulse consumption, as well as the referred
offer. The duration of this phase took one week.

To evaluate the efficiency of those campaigns, the consumption of pulses was
analysed. These values were based on overall quantities of pulses expedited and the
total number of meals produced at each of the units, during the company’s man-
agement year: from November to October. Values were collected during two dif-
ferent times: the year before the Choose Beans campaign and the year of the
campaign. The values were analysed for all Choose Beans campaign units and were
compared with the yearly average values for all units that did not receive the
campaign. For all the dried pulses, the amount of pulses consumed was measured in
kilos and then standardized to an equivalent cooked dry/fresh measurement, by
converting its dried mass, multiplying it by a 3.2 factor (Rodrigues et al. 2006).

Data was recovered for all 30 food service units adhering to the Chose Beans
campaign, since 2011/12, with only two not presenting results for the year before
the campaign, considering that they adhered to the campaign during the first year of
hiring the company’s services. Overall, during the years of intervention, a total of
3.3 million meals were served at those units, while an average of 26.1 million
meals/year were served at the units with no intervention. Data from 28 units shows
that for the vast majority (73%), the program was accompanied with an increase in
the average consumption of pulses (Fig. 2).

The units under intervention strongly varied in their initial average consumption
of pulses, going from 3.8 g/meal to 37.2 g/meal, while for the whole set of units
with no intervention the average consumption of pulses has varied from 12.8 g/
meal to 15.1 g/meal, between the 2011/12 and 2015/16 operating years. Over 70%
(20/28) of the units under intervention yielded a positive variation in the average
pulse consumption, with an increase of up to 71% of the previous year value
occurring in one of the largest units, serving over 385,000 meals/year.

Despite the positive impact of the campaign, there is still a long way to go in order
to achieve a relevant contribution for the recommended 80 g of cooked dry or fresh
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Fig. 1 Example of the communication posters, in Portuguese, used to promote the consumption
of different pulses within the Choose Beans campaign developed by Eurest (Compass Group) in
Portugal at different food services. This example, promoting the consumption of beans presented
different pieces of information on the most common varieties, national consumption level,
recommended uses, benefits and nutritional content. Reprinted with permission from Eurest
(Compass Group), Portugal
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raw or cooked pulses/day (Rodrigues et al. 2006). Possible actions to be taken into
consideration would be the extension of the campaign over longer periods of time, or
its cyclic presentation, with a week dedicated to pulses on every month or so.

5 Conclusions

Promotion of pulses for consumption and particularly as a source of protein brings
many different advantages, related to the health and nutrition of individuals.

Moreover, the production of pulse crops, as well as other legume crops, pro-
motes higher agricultural productivity levels, when used in rotation with other
crops.

Due to its physiology and interaction with the surroundings, pulse crops have a
major positive impact on the environment by reducing the production of GHG
associated with agricultural practices and with the production of animal protein.

Taking all those factors into consideration, consumption of pulses should be
taken to a higher level, increasing its level in developed countries and inverting the
declining consumption in developing countries.

Acknowledgements Authors thank José B. Cunha from Oporto British School for revising
English usages and grammar throughout the manuscript.

Fig. 2 Variation in the average pulse consumption during the intervention campaign Choose
Beans as a function of the average consumption during the previous year, for 28 of the 30 units
under intervention. Area of the circles is proportional to the number of meals served during the
year of the campaign (varying from 10,947 to 453,653 meals) at each single unit. Small
circumferences report average yearly variations—campaign period signalled- for all the units not
undergoing intervention

32 B. Oliveira et al.

pcastro@ci.uc.pt



References

Ali M, Venkatesh MS (2014) Role of pulses in conservation agriculture. In: Ghosh PK, Kumar N,
Venkatesh MS, Hazra KK, Nadarajan N (eds) Resource conservation technology in pulses.
Scientific Publishers (India), Jodhpur, pp 75–82

Bach-Faig A, Berry EM, Lairon D et al (2011) Mediterranean diet pyramid today. Science and
cultural updates. Public Health Nutr 14(12A):2274–2284

Blanchart E, Villenave C, Viallatoux A et al (2006) Long-term effect of a legume cover crop
(Mucuna pruriens var. utilis) on the communities of soil macrofauna and nematofauna, under
maize cultivation, in southern Benin. Eur J Soil Biol 42:S136–S144

Boye J, Zare F, Pletch A (2010) Pulse proteins: processing, characterization, functional properties
and applications in food and feed. Food Res Int 43:414–431

Bues A, Preißel S, Reckling M et al (2013) The environmental role of protein crops in the new
common agricultural policy. Directorate General for Internal Policies Agriculture, Rural
Development, European Union, Brussels

Cordain L, Eaton SB, Sebastian A (2005) Origins and evolution of the Western diet: health
implications for the 21st century. Am J Clin Nutr 81(2):341–354

Curran J (2012) The nutritional value and health benefits of pulses in relation to obesity, diabetes,
heart disease and cancer. Br J Nutr 108(1):S1–S2

Cutforth HW, Angadi SV, McConkey BG et al (2009) Comparing plant water relations for wheat
with alternative pulse and oilseed crops grown in the semiarid Canadian prairie. Can J Plant Sci
89:823–835

Drewnowski A, Popkin BM (1997) The nutrition transition: new trends in the global diet. Nutr
Rev 55(2):31–43

EPA (2012) Global anthropogenic non-CO2 greenhouse gas emissions: 1990–2030. United States
Environmental Protection Agency, EPA, Washington DC

European Commission (2014) Communication from the commission to the European parliament,
the council, the European economic and social committee and the committee of the regions—
towards a circular economy: a zero waste programme for Europe. Brussels. http://eur-lex.
europa.eu/legal-content/EN/TXT/?uri=celex:52014DC0398. Accessed 18 Nov 2017

FAO (1994) Definition and classification commodities, 4. Pulses and derived products. http://
www.fao.org/es/faodef/fdef04e.htm. Accessed 18 Nov 2017

FAO (2002) Soil biodiversity—the root of sustainable agriculture. Paper prepared as a background
paper for the ninth regular session of the commission on genetic resources for food and
agriculture (CGRFA). FAO, Rome. http://www.fao.org/search/en/?cx=018170620143701
104933%3Aqq82jsfba7w&q=Paper+prepared+as+a+background+paper+for+the+Ninth+&cof
=FORID%3A9&siteurl=www.fao.org%2Fagriculture%2Fcrops%2Fthematic-sitemap%
2Ftheme%2Fspi%2Fsoil-biodiversity%2Finitiatives%2Fen%2F&ref=www.google.pt%
2F&ss=41j1681j2. Accessed 18 Nov 2017

FAO (2006) Livestock’s long shadow: environmental issues and options. FAO, Rome
FAO (2009) How to feed the world in 2050. FAO, Rome
FAO (2012) The role of producer organizations in reducing food loss and waste. FAO, Rome
FAO (2016) Pulses—nutritious seeds for a sustainable future. FAO, Rome
FAO, Ifad, WFP (2014) The state of food insecurity in the world 2014: strengthening the enabling

environment for food security and nutrition. FAO, Rome
FAOSTAT (2017) Food balance, food balance sheets, Rome. http://www.fao.org/faostat/en/#data.

Accessed 18 Nov 2017
Friel S, Dangour AD, Garnett T et al (2009) Public health benefits of strategies to reduce

greenhouse-gas emissions: food and agriculture. Lancet 374(9706):2016–2025
Foster-Powell K, Holt SH, Brand-Miller JC (2002) International table of glycemic index and

glycemic load values. Am J Clin Nutr 76:5–56
Gan Y, Campbell CA, Liu L et al (2009) Water use and distribution profile under pulse and oilseed

crops in semiarid northern high latitude areas. Agric Water Manag 96:337–348

Increasing Pulse Consumption to Improve Human Health … 33

pcastro@ci.uc.pt

http://eur-lex.europa.eu/legal-content/EN/TXT/%3furi%3dcelex:52014DC0398
http://eur-lex.europa.eu/legal-content/EN/TXT/%3furi%3dcelex:52014DC0398
http://www.fao.org/es/faodef/fdef04e.htm
http://www.fao.org/es/faodef/fdef04e.htm
http://www.fao.org/search/en/%3fcx%3d018170620143701104933%253Aqq82jsfba7w%26q%3dPaper%2bprepared%2bas%2ba%2bbackground%2bpaper%2bfor%2bthe%2bNinth%2b%26cof%3dFORID%253A9%26siteurl%3dwww.fao.org%252Fagriculture%252Fcrops%252Fthematic-sitemap%252Ftheme%252Fspi%252Fsoil-biodiversity%252Finitiatives%252Fen%252F%26ref%3dwww.google.pt%252F%26ss%3d41j1681j2
http://www.fao.org/search/en/%3fcx%3d018170620143701104933%253Aqq82jsfba7w%26q%3dPaper%2bprepared%2bas%2ba%2bbackground%2bpaper%2bfor%2bthe%2bNinth%2b%26cof%3dFORID%253A9%26siteurl%3dwww.fao.org%252Fagriculture%252Fcrops%252Fthematic-sitemap%252Ftheme%252Fspi%252Fsoil-biodiversity%252Finitiatives%252Fen%252F%26ref%3dwww.google.pt%252F%26ss%3d41j1681j2
http://www.fao.org/search/en/%3fcx%3d018170620143701104933%253Aqq82jsfba7w%26q%3dPaper%2bprepared%2bas%2ba%2bbackground%2bpaper%2bfor%2bthe%2bNinth%2b%26cof%3dFORID%253A9%26siteurl%3dwww.fao.org%252Fagriculture%252Fcrops%252Fthematic-sitemap%252Ftheme%252Fspi%252Fsoil-biodiversity%252Finitiatives%252Fen%252F%26ref%3dwww.google.pt%252F%26ss%3d41j1681j2
http://www.fao.org/search/en/%3fcx%3d018170620143701104933%253Aqq82jsfba7w%26q%3dPaper%2bprepared%2bas%2ba%2bbackground%2bpaper%2bfor%2bthe%2bNinth%2b%26cof%3dFORID%253A9%26siteurl%3dwww.fao.org%252Fagriculture%252Fcrops%252Fthematic-sitemap%252Ftheme%252Fspi%252Fsoil-biodiversity%252Finitiatives%252Fen%252F%26ref%3dwww.google.pt%252F%26ss%3d41j1681j2
http://www.fao.org/search/en/%3fcx%3d018170620143701104933%253Aqq82jsfba7w%26q%3dPaper%2bprepared%2bas%2ba%2bbackground%2bpaper%2bfor%2bthe%2bNinth%2b%26cof%3dFORID%253A9%26siteurl%3dwww.fao.org%252Fagriculture%252Fcrops%252Fthematic-sitemap%252Ftheme%252Fspi%252Fsoil-biodiversity%252Finitiatives%252Fen%252F%26ref%3dwww.google.pt%252F%26ss%3d41j1681j2
http://www.fao.org/faostat/en/#data


Gan Y, Liang C, Wang X et al (2011) Lowering carbon footprint of durum wheat by diversifying
cropping systems. Field Crops Res 122:199–206

Gira Foodservice (2009) The contract catering market in Europe 2006–2010: 25 countries, France
Ha V, Sievenpiper JL, de Souza RJ et al (2014) Effect of dietary pulse intake on established

therapeutic lipid targets for cardiovascular risk reduction: a systematic review and
meta-analysis of randomized controlled trials. Can Med Assoc J 186(8):E252–E262

Hoover R, Hughes T, Chung HJ et al (2010) Composition, molecular structure, properties, and
modification of pulse starches: a review. Food Res Intl 43:399–413

Howarth NC, Saltzman E, Roberts SB (2001) Dietary fiber and weight regulation. Nutr Rev
59:129–139

INE (2017) The Portuguese food balance sheet 2012–2016. Statistics Portugal, Lisbon
IPCC (2001) Climate change 2001: the scientific basis. In: Contribution of working group I to the

third assessment report of the intergovernmental panel on climate change. Cambridge
University Press, Cambridge. United Kingdom, New York, USA

IPCC (2014) Climate change 2014: mitigation of climate change. Summary for policymakers,
technical summary. In: Part of the working group III to the fifth assessment report of the
intergovernmental panel on climate change. Cambridge University Press, Cambridge. United
Kingdom, New York, USA

Lemke RL, Zhong Z, Campbell CA et al (2007) Can pulse crops play a role in mitigating
greenhouse gases from north American agriculture? Agron J 99:1719–1725

McCance RA, Widdowson EM (2015) McCance and Widdowson’s the composition of foods
integrated dataset. https://www.gov.uk/government/publications/composition-of-foods-
integrated-dataset-cofid. Accessed 18 Nov 2017

McCrory MA, Hamake BC, Lovejoy JC et al (2010) Pulse consumption, satiety, and weight
management. Adv Nutr 1:17–30

Morinaka T, Wozniewicz M, Jeszka J et al (2013) Westernization of dietary patterns among young
Japanese and Polish females—a comparison study. Ann Agric Environ Med 20(1):122–130

O’Broin S, Tucci LR (eds) (2016) Pulses: nutritious seeds for a sustainable future. FAO, Rome
Oliveira B, Moura AP, Cunha LM (2016) Reducing food waste in the food service sector as a way

to promote public health and environmental sustainability. In: Filho WL, Azeiteiro UM,
Alves FA (eds) Climate change and health improving resilience and reducing risks. Springer,
Cham, pp 117–131

Rebello CJ, Greenway FL, Finley JW (2014) Whole grains and pulses: a comparison of the
nutritional and health benefits. J Agric Food Chem 62(29):7029–7049

Rodrigues SS, Franchini B, Graça P et al (2006) A new food guide for the Portuguese population:
development and technical considerations. J Nutr Educ Behav 38:189–195

Rose TJ, Hardiputra B, Rengel Z (2010) Wheat, canola and grain legume access to soil phosphorus
fractions differs in soils with contrasting phosphorus dynamics. Plant Soil 326(1):159–170

Schneider AVC (2002) Overview of the market and consumption of pulses in Europe. Br J Nutr 88
(S3):243–250

Snyder CS, Bruulsema TW, Jensen TL et al (2009) Review of greenhouse gas emissions from crop
production systems and fertilizer management effects. Agr Ecosyst Environ 133(3–4):247–266

Tiwari B, Singh N (2012) Pulse chemistry and technology. Royal Society of Chemistry,
Cambridge

Tongwane M, Mdlambuzi T, Moeletsi M et al (2016) Greenhouse gas emissions from different
crop production and management practices in South Africa. Environ Dev 19:23–35

Tosh SM, Yada S (2010) Dietary fibres in pulse seeds and fractions: characterization, functional
attributes, and applications. Food Res Int 43:450–460

Tubiello FN, Salvatore M, Rossi S et al (2013) The FAOSTAT database of greenhouse gas
emissions from agriculture Environmental. Res Lett 8(1):015009

UN (2012) World population prospects, the 2012 revision. United Nations Department of
Economic and Social Affairs, Population Estimate and Projections Section, Rome

34 B. Oliveira et al.

pcastro@ci.uc.pt

https://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-cofid
https://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-cofid


UN (2014) Resolution adopted by the general assembly on 20 December 2013. Resolution 68/231.
International year of pulses, 2016. http://www.un.org/en/ga/search/view_doc.asp?symbol=A/
RES/68/231&referer=/english/&Lang=E. Accessed 18 Nov 2017

Varela-Moreiras G, Ávila JM, Cuadrado C et al (2010) Evaluation of food consumption and
dietary patterns in Spain by the food consumption survey: updated information. Eur J Clin Nutr
64:S37–S43

Venkatesh MS, Hazra KK, Katiyar R (2014) Nutrient acquisition and recycling through pulses. In:
Ghosh PK, Kumar N, Venkatesh MS, Hazra KK, Nadarajan N (eds) Resource conservation
technology in pulses. Scientific Publishers (India), Jodhpur, pp 190–198

WHO (2011) Global status report on noncommunicable diseases 2010. World Health
Organization, Geneva

Willet WC, Sacks F, Trichopoulou A et al (1995) Mediterranean diet pyramid: a cultural model for
healthy eating. Am J Clin Nutr 61:1402S–1406S

Beatriz Oliveira is a Nutritionist from the Faculty of Nutrition and Food Sciences of the
University of Porto. She is the Quality Director at Eurest Portugal, Compass Group. She is a Ph.D.
student from the Doctoral Programme on Food Consumer Sciences and Nutrition, University of
Porto. Her main research topics relate to sustainable practices at the food service sector. She is a
researcher at the GreenUPorto.

Ana Pinto de Moura is a Food Engineer from the Portuguese Catholic University (ESB-UCP),
with a Ph.D. on Industrial Engineering Systems—with a focus on food consumption- from the
INPL-Nancy, France. She is an Assistant Professor at the Universidade Aberta (Open University of
Portugal), where she coordinates the distance learning (online) M.Sc. course on Food
Consumption Sciences. She is a researcher at the GreenUPorto and at the Food Quality and
Safety research group from the Associated Laboratory LAQV, REQUIMTE. Her main research
topics relate to consumer behaviour towards food. She has specific interest in sustainable food
consumption, food risk perception, attitudes towards food and nutrition, and perception of
nutritional information.

Luís Miguel Cunha is a Food Engineer with a Ph.D. on Biotechnology with specialization on
Food Science and Technology, from ESB-UCP. He is an Associate Professor w/tenure at the
Faculty of Sciences, University of Porto. He is a researcher at GreenUPorto and at the Food
Quality and Safety research group from the Associated Laboratory LAQV, REQUIMTE.
His research focuses on consumer attitudes towards food safety and quality and on consumer

oriented sensory evaluation of foods applied to new product development. He has authored more
than 70 articles in international refereed indexed journals (over 1000 citations) and 15 book
chapters and supervised over 70 M.Sc. and Ph.D. theses in Food Science and Technology. Also, he
has wide experience as leader and researcher in academic and industrial research projects. He has a
particular interest on the application of sensory evaluation for new product development and on the
interfaces between sensory science, consumer science, and marketing, which led to the proposal of
joint M.Sc. and Ph.D. degrees on Consumer Sciences and Nutrition, between the Faculty of
Sciences and the Faculty of Nutrition and Food Sciences, the first starting in 2007 and the second
in 2009.

Increasing Pulse Consumption to Improve Human Health … 35

pcastro@ci.uc.pt

http://www.un.org/en/ga/search/view_doc.asp%3fsymbol%3dA/RES/68/231%26referer%3d/english/%26Lang%3dE
http://www.un.org/en/ga/search/view_doc.asp%3fsymbol%3dA/RES/68/231%26referer%3d/english/%26Lang%3dE


Ecosystem Services and Incentive
Mechanisms for Environmental
Preservation in Brazil

Andréia Faraoni Freitas Setti, Walter Leal Filho
and Ulisses M. Azeiteiro

Abstract The evidence that environmental imbalances pose a serious and immi-
nent threat to the future of mankind has prompted concrete actions in the envi-
ronment. However, in Brazil, the challenge is to integrate the various regulations,
public policies, new opportunities, and incentive mechanisms for forest protection
and restoration. This paper discusses specific forms of action in Brazilian systems
of Law, Economics and Politics that can influence environmental issues. It sys-
temically presents economic instruments and analyzes the adoption of programs of
Payment for Environmental Services to encourage voluntary practices of environ-
mental protection. We suggest a mandatory strengthening of local power to increase
the effectiveness of environmental legislation. The local sphere relates more closely
with the more tangible reality and, therefore, is the closest instance of political
decision-making that most directly affects people’s lives. It is also where the
exercise of citizenship is more fruitful and where popular participation is more
intense. We assume that sustainable development is unachievable without gover-
nance because it promotes common goals through collective action and requires
structural changes in the dominant institutions.
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1 Introduction

Both the economy and human welfare depend on ecosystem services to maintain
life and productive activities. Mineral resources and energy sources fuel the
economy, but we are also handed other essential elements for our survival: food,
water, wood, biomass; regulation services, climate balance, flood control, disease
control, air purification; recycling of nutrients, soil formation, oxygen production,
as well as other benefits related to our culture, like scenic, recreational, touristic,
spiritual and educational elements (Finvers 2008; Bastian et al. 2012).

Although the number of benefits is great, there is no encompassing scientific
description both of the multiple relationships between different ecosystem services
and of the impact of such approach on political decision-making (Cox and Searle
2009; Haines-Young and Potschin 2010).

Instead, we have been witnessing a growing degradation of ecosystems
throughout the world (MEA 2005; Heinberg 2010) and an increase in the risks
posed by natural and extreme events (floods, landslides, forest fires, heatwaves),
which shows that there has been a decline in the resilience of ecosystems
throughout the world (Bastian et al. 2012).

The current mode of production and consumption—created with the premise that
the exploration of resources can increase limitlessly—is destroying biodiversity and
changing the ability of our ecosystems to produce essential goods and services for
life.

The environmental legislation of many countries does not include the idea of
“ecosystem services,” but, on the other hand, science hasn’t also been able to cause
a political impact, given the lack of data, standards or evaluation (Cox and Searle
2009).

The restoration of ecosystems, in turn, can be hard or expensive in the case
degradation isn’t irreversible, causing, nonetheless, extinctions and changes in its
defining traces (Keith et al. 2013). Moreover, complex and dynamic systems, such
as oceanic and atmosphere circulation, for instance, if systemically disrupted, may
reach a tipping point, a point of no return (Medeiros et al. 2017).

Despite the vast increase in ecosystem services (ES) studies in recent years, it
has been shown that the outputs of these assessments are not yet suitable for
decision making (Martínez-Harms and Balvanera 2012; Schägner et al. 2013). The
studies are focusing on key ES and yet information on many other services is scarce
but essential for sound decision making. The ecosystem services often span across
several administrative structures, i.e., address different policy aspects, which are
often covered by different governmental ministerial or departmental units. This
requires the integration of different sectors and disciplines once different value
dimensions are considered, from biophysical to socio-cultural to economic
(Grêt-Regamey et al. 2016).

Such challenges, including limited capacities of relevant policy units or dis-
persed authorities, complicate the operationalization of the ES concept. There are
recommendations for a better implementation of ES into decision making spanning
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from the further development of policy instruments and financial mechanisms to a
better integration of the regulations, public policies, and incentive mechanisms for
forest protection and restoration, and a better representation of methods and results
to a more interdisciplinary research (Scarlett and Boyd 2015; Grêt-Regamey et al.
2016).

Given the relevance and the urgency, the conservation of biodiversity and the
maintenance of healthy ecosystems have been included in 8 of the 17 Sustainable
Development Goals (SDGs), both directly, such as SDG 15 (protect, recover and
promote the sustainable use of land ecosystems), and indirectly in its relations with
ending poverty (SGD 1); ending hunger, achieving food security and improved
nutrition and promoting sustainable agriculture (SGD 2); ensuring healthy lives and
promoting well-being for all at all ages (SDG 3); promoting sustained, inclusive and
sustainable economic growth (SDG 8); ensuring sustainable consumption and
production patterns (SDG 12); taking urgent action to combat climate change and
its impacts (SDG 13); conserving and sustainably use the oceans, seas and marine
resources (SDG 14).

This paper analyzes specific ways of interfering with the Brazilian Law,
Economy and Politics which may influence their treatment of ecosystem services,
especially considering not only their potential of being included in regulations,
policies and mechanisms dedicated to incentivizing the protection or restoration of
forests, as well as the fulfillment of SDGs as from ecosystem services-oriented
forms of governance.

2 Environmental Economics and the Conservation
of Ecosystems

The economic literature understands ecosystem services as a mechanism that cor-
rects a type of market failure called “negative externality,” that is, the costs that
circulate externally to that market, do not burden production, but falls over other
parties or a population that has no relation with the activity (Nusdeo 2012).

Establishing a monetary value to environmental resources does not mean treating it
like a product, but only measuring ecological benefits and damages to be applied in
accountable and efficient forms of management, considering that the ecological func-
tions of natural resources have indirect value (Slootweg et al. 2008; Chan et al. 2012).

The economic valuation of ecosystem services must influence the
decision-making process regarding the importance of conserving the biodiversity,
both identifying and distributing the costs and benefits of different actors, producers
and consumers (Paggiola et al. 2004).

Measurement mechanisms depend on the type of environmental good or service
is under scrutiny and the dimension of their contribution for (individual or col-
lective) wellbeing. Information on availability, scarcity and willingness of people to
work for its conservation must be accounted for (Bateman and Willis 1999).
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The conceptualization of the idea of “externality” lies in the intersection between
Economics, Ecology and Law, including also the management of public policies.
The understanding of reality and its problems (as well as the promotion of solu-
tions) in environmental law and environmental sciences is, usually,
interdisciplinary.

For this paper, we considered the relations between individuals, institutions and
nature, as well as the premise that, in order to be effective and efficient in terms of
sustainability, policies must necessarily focus on equity (Setti et al. 2016).

The destruction of ecosystems and the unsustainable use of the services they
provide generate serious environmental problems and intensify social inequalities
and poverty throughout the world, affecting especially traditional communities
(MEA 2005). Therefore, environmental policies need to be linked to both the
economic and social spheres of the development process, altering the cost-benefit
analysis of certain economic activities given their negative socioenvironmental
impacts.

3 Mechanisms and Instruments to Preserve Ecosystem
Services in Brazil

States use mechanisms of command and control (standards, limitations and pro-
hibitions), as well as economic instruments (charging for the use of water, redis-
tributing taxes on goods and services to pay for environmental services; direct
payment for environmental services; concessions of forests, etc.) to correct
socioenvironmental distortions and injustices produced by the market.

Brazil has been implementing economic instruments related to management and
preservation of the environment in the last thirty years due to greater demographic
occupation, irregular urban occupation, the expansion of the agricultural frontier
and the uncontrolled use of natural resources (Born and Talocchi 2002).

One of the economic instruments that promotes the preservation of ecosystem
services is charging for the use of natural resources. This can restrict use and
improve quality through taxes or fees on economic activities that degrade the
environment and incentives for the sustainable use of natural resources and envi-
ronmental protection (Nusdeo 2012).

One of the first financial policies dedicated to environmental services in Brazil
was the Tax on the Circulation of Ecological Goods and Services (“ICMS
Ecológico”), created in the 1990s. The ICMS Ecológico is a tax that allows that part
of the taxes collected by the state government is handed to municipalities that have
conservation units created by the state or federal governments within their
boundaries. This has been leading local leaders to understand environmental pro-
tection as something positive, given that it stimulates sustainable development, as
well as ecotourism and organic food production, expanding employment and
income opportunities (Born and Talocchi 2002).
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Another initiative is charging for water use, which was established by the
National Policy on Water Resources (Law 9.433/1997). Resources must be used to
protect drainage basins, including reforestation and forest conservation (DOU
1997). Drainage basins were adopted as regional units for the planning and man-
agement of water.

Such reorganization of the system hands power back to decentralized institutions
within the basin, stimulating the negotiation between various public agents, users
and the organized civil society. Popular participation expands the access of people
to basic urban services and infrastructure, developing the civil society and
strengthening democratic mechanisms (Jacobi and Barbi 2007).

In the last ten years, not only there was great progress in environmental legis-
lation, but also consultative and advisory councils were strengthened in several
areas and in all levels (federal, state and municipal), with the active participation of
representatives from social movements and NGOs (Jacobi and Barbi 2007).

A similar system was established by the National System of Conservation Units
(NSCU—Law 9.985/2000) as an attempt of providing more resources to
Conservation Units (CU), given the ecosystem services they provide to society.
NSCU also exempts owners of Private Natural Heritage Reserves (PNHR) of Rural
Land Taxes for the protected area (DOU 2000).

The country has increased the extension of its CUs, but did not obtain the
necessary budget to maintain the existing CUs, allocating 20% less than what is
considered the minimum necessary (Semeia 2014).

For the CUs to get financial resources from direct donations, the distribution of
water and the generation of electricity, articles 34, 47 and 48 of the Law that created
NSC must still be “regulated.” Another source could be the so-called “legal reserve
compensation,” through the regularization of land ownership at CUs and imple-
mentation of the National Policy on Payment of Environmental Services (NPPES),
which Bills 792/2007 and 213/2015—already introduced in Congress—address.

The Payment for Environmental Services (PES) is the voluntary payment of
those who promote the conservation, recovery, expansion or the management of
areas with vegetation considered to provide environmental services (Nusdeo 2013).

Although there are PES tools available, there is no national policy for PES
methods currently in force. However, Bill 5.586-A/2009 on certified Reductions of
Emissions from Deforestation and Forest Degradation (REDD), the Brazilian Forest
Code (Law 12.561/2012) and the National Policy on Water Resources (Law 9.433/
97) are all related to ecosystem services. States have more than 20 PES-related
laws, decrees and bills (WWF 2014).

The goal is assuring coherence between public and private initiatives regarding
the recovery and conservation of biodiversity on the national, state, regional and
municipal scales, as well as promoting sectoral government policies that may
produce an impact over ecosystem services, especially through policies in the
following areas: Environment, Water Resources, Climate Change, Protected Areas,
Technical Assistance and Rural Extension for Family Farming and Land Reform
and the Forest Code.
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4 Governance to Preserve Ecosystem Services

Ecosystem services-oriented forms of governance demands that intersectoral and
participatory public management concepts, practices, mechanisms and tools are
further deepened, promoting equity and socioenvironmental sustainability in the
territory. Traditional communities contribute for that equitable model of develop-
ment which both defends the environment and natural resources and promotes the
solidarity economy and quality of life improvements (Setti and Azeiteiro 2016).

These communities have an ethical behavior regarding the conservation and
preservation of life and the environment and, therefore, have a dialectic relationship
with society, both denying and affirming its values, continuously recreating survival
strategies. Unfortunately, indigenous populations, the “quilombolas” (remnant
populations of fugitive slaves) and traditional populations—which are protected by
the Federal Constitution of 1988—have been considered hindrances to
development.

The lifestyles of traditional communities—including the way they materially and
symbolically appropriate nature, their forms of knowledge, their technologies, their
cultural practices and actions they take in the territory –, given the need to promote
diversity in all its forms, are a counterpoint to the unsustainable lifestyles of urban/
industrial societies (Zhouri and Laschefski 2010).

Natural areas and traditional communities are being decimated in the environ-
mental conflicts that emerge due to the unequal distribution of natural resources and
the territorial disputes between groups that use the environment differently.
Establishing commitments of reaching consensuses are difficult because of the
clashing rationalities (modes of being, doing and thinking).

Besides deforestation, other activities such as large hydroelectricity generation
projects also represent threats to the provision of environmental services and
contribute to climate change (Fearnside 1989; Oyama and Nobre 2003; Betts et al.
2004).

In this scenario of inequality and conflict, traditional communities not only are
excluded from development, but also have to take a greater load of the conse-
quences of environmental degradation, fighting for autonomy and resisting the
current modes of production and consumption and social organization.

In Brazil, there are 305 indigenous ethnicities and 274 languages (IBGE 2010).
The protection of their territories and the traditional use of natural resources –

which are fundamental to their culture and lifestyle—are part of their identity (Setti
and Azeiteiro 2016). This has been identified in SDG 4, which recommends that the
contributions of African descendants and indigenous populations for the develop-
ment of nations are included in school curricula (UN 2017).

Goals were established to protect and assure the existence of traditional peoples’
and communities’ ways of creating, doing and living: preserving historical sites;
carrying out mappings, inventories and studies on traditional memory, rites and
celebrations; preserving linguistic diversity, as well as expressions, artistic
expressions and cultural practices of the various ethnicities; promoting a culture of
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diversity, solidarity, equality and inclusion in the media; and strengthening peoples
and cultures for climate change-related planning (UN 2017).

Environmental sustainability, in the context of traditional communities, has to do
with the sustained use of natural resources and a more equitable distribution of
wealth, and should be considered in environmental policies and licensing (Zhouri
and Laschefski 2010).

Therefore, any public policy dedicated to the preservation of ecosystems must be
strategically linked to territorial programs that allow for the inclusion of the idea of
sustainable development in the territorial spheres and jurisdictions of government.

5 Integration of Public Policies, Regulations,
and Incentive Mechanisms for Protecting
Ecosystem Services

The integration of public policies concerning ecosystem services has to do with the
hierarchy and territoriality of the relations between national, state and municipal
spheres of government and their most varied combinations—given their territorial
distribution, which often include more than one municipality, state or region, such
as, for instance, the territorial distribution of metropolitan areas, coastal zones, areas
with specific land-use conditions (Gallo and Setti 2014; IBAM 2016).

Public policies related to environmental services that includes traditional com-
munities must intersectorally integrate the different themes reflected in government
administrative structures from a systemic perspective that recognizes individuals in
their contexts.

This demands participatory governance processes capable of ranking priorities
based on the needs of the territory (Gallo and Setti 2014), whose institutional format
promotes greater social participation in the processes of dialogue, negotiation,
representation, planning and evaluation of public policies.

To meet the growing demand for environmental services and, at the same time,
benefit traditional communities, the Brazilian government created policies and
programs that generate intergovernmental cooperative arrangements that assure
complementarity, synergy and the optimization of technical and financial resources.

The National Program for the Sustainable Development of Rural Territories
(2003) considered the demands of traditional populations and indigenous peoples,
although the processes of planning and implementation did not go beyond the
municipal level and were restricted to small groups of beneficiaries (Bonnal 2013).

The Program for the Socioenvironmental Development of Rural Family
Production (Proambiente) included priority groups (family farmers, artisanal fish-
ermen, traditional populations and indigenous peoples), was based on the balance
between environmental conservation and family farming and was implemented
through the environmental management of rural areas, the integrated planning of
productive units and the rendering of environmental services. Proambiente has the
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interesting history of having been a project created by the civil society (2000/2002)
that went through a phase of transition (2003) to become a program of the federal
government (Hall 2008; Neto 2008).

The National Policy for the Sustainable Development of Traditional Peoples and
Communities—introduced by Decree 6.040/2007 and implemented by the National
Commission for the Sustainable Development of Traditional Peoples and
Communities (SDTPC)—emphasizes the recognition, the strengthening and the
assurance of the territorial, social, environmental, economic and cultural rights of
traditional peoples and communities, respecting and valorizing their identity, their
forms of organization and their institutions.

This policy is an advance in the fight against the invisibility and the social
exclusion of traditional communities by economic or land-ownership pressures or
through discriminatory process in which the recognition of quilombola lands and
the demarcation of indigenous lands, for instance, clash with the advance of agri-
culture, logging and mining, as well as the construction of large infrastructural
projects, especially in the areas of transportation and energy, to meet the economic
demands.

In the context of the creation of the markets for Payments for Environmental
Services (PES), the National Water Agency created the Water Production Program
(2001) to incentivize the preservation of riparian forests around water springs in
private properties, assuring the increase in quantity and in quality of the water
offered to the population and including technical and financial support (Wunder
et al. 2009).

To assure resources for the projects, studies or any undertaking aiming at the
mitigation and adaptation to climate change, the Climate Fund (Law 12.114/2009)
was created to support initiatives related to PES policies, providing support to
activities that stabilize the concentration of greenhouse gases and that demonstrably
contribute to carbon sequestration and the provision of other environmental ser-
vices, such as the recovery of degraded areas and forest restoration (Santos et al.
2012).

The Green Stipend is an environmental conservation support program created in
2011 (Law 12.512/2011) to support families in extreme poverty living in areas that
have been considered priorities for conservation. The program provides a stipend
for family farmers, traditional communities and people settled through land reform.
The environmental services provided include the maintenance of vegetation in the
property where the family resides and the sustainable use of its resources (Santos
et al. 2012).

The Brazilian environmental legislation is supported by international declara-
tions and is based on the “polluter pays” principle that charges polluters for the
social costs of the productive process, an encompassing mechanism of account-
ability for ecological damage not exclusively related with immediate reparation
(Milaré 2001). The “protector receives” principle is the rationale behind the pay-
ment of environmental services and the basis for economic incentives for the
protection of areas and the preservation of their resources (Nusdeo 2012).

44 A. F. F. Setti et al.

pcastro@ci.uc.pt



At the municipal scale, programs for the payment of environmental services are
usually dedicated to the preservation of riparian forests and water resources. 7.5%
of all municipalities in the country, mostly in the Central-West Region, already pay
for environmental services (IBGE 2013).

Ecosystem services have not been discussed exclusively on the public sphere in
Brazil. The private sector has also been recognizing the importance of these ser-
vices for their own businesses. The degradation of ecosystems is relevant for
companies that both produce and impact and depend on ecosystems and the ser-
vices they provide.

The social accountability of companies is a voluntary commitment with a
responsible form of management regarding their partners, employees, suppliers,
consumers, community and environment that goes beyond the simple fulfillment of
their legal obligations. Many organizations have been investing in social projects
and taking on the responsibility for the impact their productive processes cause.
Companies benefit both because it consolidates their image or brand as a modern
and sustainable company and because productivity and competitiveness are linked
to the quality of life of the community the institution is a part of (Garcia 2002).

On the other hand, the idea of “social function” is part of the Brazilian consti-
tutional legal order under Art. 170 of the Federal Constitution of 1988, which
establishes that entrepreneurs and administrators need to carry out their activities
harmoniously, complying with their positive and negative duties and respecting the
interests of the society.

The Corporate Partnership for Ecosystem Services (CPES) was created to help
companies reduce their negative impacts over ecosystem services; show the value
of ecosystems and of the conservation of biodiversity through business strategies
that maintain such services; and attain practical results that further expand these
business strategies (CEBDS 2013).

To conserve natural resources and use them sustainably, it is fundamental that
policies that promote environmental integrity and social inclusion are effective and
not a mere mobilization of financial resources and a creation of new markets. The
growth of productive chains that cause pollution and the degradation of forests must
be limited, and a mode of production and consumption based on solidarity and
sustainability must be established.

Therefore, mechanisms for paying for environmental services—in combination
with other regulations and tools for social control—must be accompanied by
continuous processes of participatory evaluation aiming at suppressing the biodi-
versity and ecosystem markets, which would subject public and social interests to
private, corporate ones.
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6 Ecosystem Services and the Fulfilment of Sustainable
Development Goals—SDGs

The idea of sustainable development emerged historically with evidence of eco-
logical unbalance and an increase in social inequality, highlighting the unsustain-
ability of the hegemonic mode of production and consumption. This triggered a
“social cycle” in the agenda of international organizations, which globally con-
solidated the agenda of sustainability expressed through the SDGs.

This opens possibilities for the implementation of policies for promoting equity
and environmental integrity, expanding the access to citizenry, the preservation of
the environment, the solidarity economy and the quality of life (Kumar et al. 2013).

There are serious of issues related to ecosystems and biodiversity that require
articulation of socioenvironmental policies between all government spheres. This
strengthens shared management strategies focused on the co-accountability for the
fulfilment of SDGs.

The eradication of poverty remains a priority. In terms of health, poverty
shortens life almost as much as physical inactivity and much more than obesity,
hypertension and the excessive consumption of alcohol. Low socioeconomic status
is one of the strongest predictors of premature morbidity and mortality all over the
world. Poor nutritional status is the cause of 45% of deaths among under-fives. One
in every four children in the world is stunted (in developing countries the rate is one
in every three); 66 million children in primary school age attend school while
hungry (Stringhini et al. 2017).

Damages caused by climate change increase losses caused by the economic
crisis, affecting the poorest disproportionally (TEEB 2010), which shows that social
inequalities are always ecological inequalities. They determine the modes and levels
of access to ecosystem goods and services, which, in turn, also determine both
health and disease processes and environmental sustainability.

Other strategic areas for intervention include: (1) the conservation of ecosystems
and its services by strengthening protected areas; (2) the implementation of equi-
table strategies for managing natural resources; (3) the prevention and control of
deforestation, as well as the conservation and the sustainable management of for-
ests; (4) the strengthening of inclusive environmental governance mechanisms;
(5) the access to genetic resources and the fair distribution of the benefits of their
use; (6) the identification and monitoring of exotic invasive species of plants,
animals and microorganisms that affect the environment and the health of human
beings; (7) the recovery and restoration of degraded ecosystems and the recovery of
threatened species; (8) community-based evaluations of ecosystems based on
ecosystem services and human wellbeing.
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7 Conclusion

The absence of a legal framework for environmental services, the little information
on methodologies for measuring and monitoring them, the absence of continued
sources of financing and the unfamiliarity with the social and environmental
function of traditional communities keep the national policy of environmental
services from becoming a strategic action and a positive agenda.

To implement this environmental rationale, environment preservation values
need to become an integral part of personal ethics, human rights and the law. The
access to and the appropriation of nature cannot continue a privilege of a few, the
production of knowledge must be redirected toward transdisciplinarity, and
the State must be reformed to promote the participatory management of natural
resources.

The actual participation of the society in the economic development process is
crucial for the protection of natural resources, in the development of a
political-institutional framework for articulated public policies in the fields of
health, urban development, the environment, natural resources and education.

Therefore, development ranges from the protection of human rights to a deep-
ening of democracy, to both the effective possibility of everyone participating
politically and the expansion of human capacities.

In this sense, the empowerment of traditional communities through education,
valorization of traditional culture and knowledge and dissemination of social
technologies is achieved through the participation of the people in the management
of the territory including the creation of public and multicultural articulation spaces,
focused on sustainability and socialenvironmental justice.

Theory seeks to offer decision-makers alternatives that promote the conservation
of biodiversity, pointing to the economic tools that make decisions in that direction
viable. The challenge is to change the conservation of biodiversity into a technical,
political and social issue that is vitally important for sustainable development.

Investments in new and more efficient technologies that reduce the environ-
mental impact of industrial processes have become increasingly less viable. In order
to preserve our natural capital, we need sustainable economic reforms based on the
assumption that the economic crisis is an opportunity for a paradigm shift regarding
our modes of production and consumption.

The use of economic tools in environmental management demands efforts in
three areas: macroeconomic coherence, legal compliance and technical capacity.
Such areas depend, however, on institutional management and governance capacity
for sustainable development.

Given scarcity and the uncertainty involved in the relations between the eco-
nomic and natural systems, we should be cautious and skeptical given the possi-
bility of irreversible and unreplaceable loss of ecosystem services that are essential
for our well-being and survival.
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Unlocking the Social-Ecological
Resilience of High Nature Value
Farmlands to Future Climate Change
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Abstract Agriculture is a dominant form of management and a major driver of
global change in the Anthropocene. Whilst farmland intensification and expansion
came at high costs for the global natural capital, the role of low intensity, tradi-
tionally managed High Nature Value farmlands (HNVf) for achieving food security
while contributing to the conservation of biodiversity and the delivery of ecosystem
services has been acknowledged. Yet, most research on HNVf has focused the
impacts of land-use change, potentially overlooking the challenges that climate
change may pose to their future persistence. In this chapter, we present an overview
of the impacts of climate change on HNVf, based on the analysis of current scientific
evidence. Overall, while an increasing number of studies was observed, there is a
lack of data-driven assessments at the global scale, reflecting an inability to forecast
the impacts of climate change on low-intensity farming systems at this scale. High
variation was observed regarding the impacts addressed and the topics tackled in
space and time in the research records scrutinized. A paradigm shift towards inte-
grated approaches considering both climate and land-use change impacts in the
social-ecological systems underlying low-intensity, traditionally managed HNVf is
discussed and future perspectives and research needs are outlined.
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1 Introduction

1.1 A Global View of Traditional Farming and Farmlands

Agriculture is among the dominant uses of land (currently ca. 40% of Earth’s
terrestrial surface) and one of the key drivers of global change of the Anthropocene
(Foley et al. 2011; Rockström et al. 2017). Over the 20th century, population
growth and increasing demand for food placed an unprecedented demand on
agriculture, with expansion and intensification of agricultural practices eroding
world’s natural capital (Rockström et al. 2017). While recent studies claim the need
to roughly double agricultural production to keep pace with projected demands for
population growth, achieving food security and environmental sustainability
became a hot topic on both scientific and policy agendas (Cumming et al. 2014;
Fischer et al. 2017; Godfray et al. 2010).

The role of low-intensity, often traditionally managed, High Nature Value
farmlands (HNVf) to achieve global food security, while contributing to environ-
mental sustainability has been increasingly acknowledged (Fischer et al. 2017;
Rockström et al. 2017). As all farmlands, low-intensity farming systems are
social-ecological systems, resulting from the intertwined relation between Man and
nature through centuries (Benayas et al. 2008; Fischer et al. 2012; Plieninger and
Bieling 2012). Overall, the cultural and natural heritage of such farmlands relies on
the maintenance of specific farming practices that have evolved with, and are
adapted to local climatic, topographic and environmental conditions (Altieri 2004;
Fischer et al. 2012; Lomba et al. 2014). Understanding the complexity of these
social-ecological systems is thus of utmost relevance to effectively anticipate the
impacts of social-ecological change and assure their persistence in the future.
Mainstream conservation strategies highlight the contribution of low-intensity
farmlands to environmental sustainability, including maintenance of biodiversity
and ecosystem services (Fischer et al. 2017; Garibaldi et al. 2017; Rockström et al.
2017). In such context, the pivotal role of extensively managed farmlands towards
the delivery of a wide range of ecosystem services beyond biodiversity e.g. carbon
sequestration, aesthetic landscapes has been claimed (Power 2010; Swinton et al.
2007). While most low-intensity agricultural landscapes and related agroecosystems
have coped with anthropogenic pressures through time, increasing current
social-ecological change may undermine the inherent resilience of agroecosystems,
promoting the widespread loss of biodiversity and ecosystem services, thus jeop-
ardizing their future sustainability (Venter et al. 2016). Fostering the potential
contribution of traditional, extensively managed farmlands to meet the societal
demands of food security while assuring environmental sustainability is currently a
major challenge (Garibaldi et al. 2017).

While recent research targeted the effects of land-use change e.g. abandonment
or intensification, and rural development policies on High Nature Value farmlands
(e.g. Queiroz et al. 2014; Ribeiro et al. 2014), few studies have tackled the potential
impacts of climate change. As HNVf systems are adapted to local climatic
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conditions, they are particularly prone to climate change, which is expected to
affect their resilience to cope with anthropogenic environmental disturbance
(Fischer et al. 2008; Foley et al. 2011; Tscharntke et al. 2012). Thus, understanding
the effects of climate-change on farmlands under low-intensity farming systems is
an essential task to foster the persistence of their inherently high social and eco-
logical heritage at the global scale.

Our aim in this chapter is to present an overview of the current scientific evi-
dence on climate change impacts on HNVf, and evaluate the potential risks of such
change for these farming systems. Such overview builds on a comprehensive
review of published research in which the effects of climate change in High Nature
Value farming systems were assessed. Overall, using predefined keywords, scien-
tific publications were screened in major international databases (including ISI Web
of Science and Scopus), and resulting records analysed through descriptive statis-
tics. The resulting dataset was first characterized for its spatial and thematic scope,
and temporal evolution of the research performed. Additionally, the dataset was
analysed to highlight patterns regarding: (1) the type of data used by study region;
(2) the topic studied by study region; (3) reported impacts by study region; and,
(4) reported impacts by topic addressed. Results are discussed for implications,
namely in the context of future research perspectives and needs.

1.2 What Are High Nature Value Farmlands and Why Are
They Important?

In the European Union (EU), the pivotal role of low-intensity farmlands for the
maintenance of natural capital and protection of the countryside converged into the
‘High Nature Value farmlands’ (HNVf) concept (Beaufoy et al. 1994; Lomba et al.
2014). The relevance of HNVf for nature conservation and rural development goals
is embedded within EU’s agricultural and environmental policies (Jongman 2013;
Ribeiro et al. 2014; Strohbach et al. 2015), namely the Common Agricultural Policy
and the Common Biodiversity strategy to halt biodiversity loss by 2020 (target 3;
O’Rourke et al. 2016).

HNVf are agriculture-dominated landscapes whose high natural and/ or conser-
vation value rely on the maintenance of specific, usually low-intensity farming
systems (Beaufoy et al. 1994; Halada et al. 2011; Lomba et al. 2014). Overall, HNV
farming systems are characterized by low levels of agro-chemical inputs, mecha-
nization and livestock levels, and by rotational uses of the land (Lomba et al. 2014;
Oppermann et al. 2012; Plieninger and Bieling 2013). HNVf owe their ecological
value to high proportions of natural and semi-natural vegetation e.g. pastures and
meadows—HNVf type 1 (Andersen et al. 2004; Oppermann et al. 2012), and/or to
the presence of small-scale elements in the agricultural landscapes e.g. tree lines,
hedgerows, and field margins—HNVf type 2 (Andersen et al. 2004; Lomba et al.
2014). Other farmlands, often under more intensive farming practices, are also
considered as HNVf due to their role on the maintenance and survival of populations

Are We Missing the Big Picture? Unlocking the Social-Ecological … 55

pcastro@ci.uc.pt



of species with unfavourable conservation status, known to be largely dependent on
habitat or landscape conditions maintained by agricultural management—HNVf
type 3 (Andersen et al. 2004; Moreira et al. 2005). HNVf farming systems include
livestock-based systems (e.g. the montados in southern Portugal; or mountain
livestock-based systems e.g. in northern Iberia, Fig. 1), arable-based systems (e.g.
dryland, non-irrigated, systems in Italy and Greece), permanent crop oriented sys-
tems (e.g. olives, fruit and vines, historically important in the Mediterranean) and
several types of mixed farming systems (e.g. in northern Portugal; Fig. 1).

As multifunctional farmlands, HNVf provide a wide variety of habitats, condi-
tions and resources, enabling the coexistence of wildlife alongside farming activ-
ities, thus enhancing agro-biodiversity (Lomba et al. 2014). Their contribution for
the delivery of a wide range of ecosystem services at several scales has also been
highlighted (Bernués et al. 2016; O’Rourke et al. 2016; Plieninger and Bieling
2013). These include provisioning (e.g. high-quality food, fibre and maintenance of
genetic resources), cultural (e.g. recreation and agro- and ecotourism, maintenance
of cultural heritage, scenic landscapes) and regulating services (e.g. climate regu-
lation, soil erosion prevention, pollination), sustained by key ecological supporting
functions (e.g. primary production, nutrient cycling, soil formation) (Keenleyside
et al. 2014; Oppermann et al. 2012).

Recent estimates reveal that over 30% of all agricultural land in the EU corre-
spond to High Nature Value farmlands (O’Rourke et al. 2016). While being a
European concept, the HNVf concept may be applicable to other social-ecological
and geographical contexts, where the maintenance of high levels of biodiversity and
the delivery of ecosystem services are related to the persistence of specific farming
systems (Bennett et al. 2016; Plieninger and Bieling 2013). Yet, HNVf have been
declining due to rural depopulation, agricultural abandonment and afforestation in
marginal farming areas, and intensification in the most productive areas (Bernués
et al. 2014; Oppermann et al. 2012; Plieninger et al. 2006, 2014; Strohbach et al.
2015).

Fig. 1 High Nature Value farmlands in the North Western of Portugal: livestock-based systems
(left), and mixed farming systems (right)
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1.3 Resilience of Traditional, Low-Intensity Farmlands
to Environmental Change

As complex social-ecological systems, HNVf landscapes reflect a long history of
persistence of region-specific low-input farming systems (Dorresteijn et al. 2015).
HNVf are inherently rich in biodiversity and known to contribute to the provision
of ecosystem services, thus contributing to EU countryside environmental sus-
tainability and resilience (Bernués et al. 2016; O’Rourke et al. 2016; Plieninger and
Bieling 2013). Beyond acknowledged biophysical properties e.g. heterogeneous
landscapes, which reflect the diversity of uses and management of land parcels and
linear elements (Bignal and McCracken 2000; Plieninger et al. 2006), the natural
capital supported by HNVf relies on social-ecological interactions between rural
communities and ecosystems (Dorresteijn et al. 2015; Fischer et al. 2012).
Traditional farming practices co-evolved with the environment in a synergistic
relationship in which farmers shaped rural landscapes and ecosystems granted
people with essential goods and services, thus assuring and motivating a sustainable
use of natural resources (Altieri 2004; Dorresteijn et al. 2015; Fischer et al. 2012;
Oppermann et al. 2012). Moreover, detailed agro-ecological knowledge held by
rural communities supported a sustainable appropriation of ecosystems while
assuring local food self-sufficiency (e.g. Altieri 2004). Traditional knowledge, the
adaptive nature of traditional farming systems and their inherent multifunctionality
are the backbone of social-ecological resilience and sustainability of HNV farm-
lands (e.g. Oppermann et al. 2012). Yet, recent global social-ecological changes,
namely rapid land-use and climate changes, may hinder the ability of HNVf and
other traditionally managed farming systems to adapt and persist in the future, thus
threatening their inherent natural and social capital.

Land-use change, including agricultural abandonment in marginal areas (Terres
et al. 2015) or intensification in the most productive areas (Bernués et al. 2014;
Plieninger et al. 2014; Strohbach et al. 2015), is among the major threats to HNVf
persistence. Abandonment is as a major driver of change of farmlands, especially
those managed under traditional, low-input farming systems (Queiroz et al. 2014).
Farmland abandonment stems from three types of drivers (Benayas et al. 2007):
ecological or biophysical (e.g. elevation, fertility, soil depth), socio-economic
(market incentives, migration and rural depopulation, technology, often linked with
agrarian policies), and adaptation and management (reflecting the adaptation of
farming systems to local conditions). Whilst land-use change may affect farmlands
with high nature value, climate change is also likely to impact low-intensity farming
systems (Downing 1993; Rockström et al. 2017).
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1.4 Potential Impacts of Climate Change on Traditional
Low-Intensity Rural Landscapes

Climate change may pose a serious challenge to the resilience of traditional
farmlands and thus to farmers’ persistence in these territories (Altieri et al. 2015;
Vignola et al. 2015). As climate change impacts are expected to widely vary
geographically (Porter et al. 2014), traditional smallholder farmers in marginal or
risk-prone environments are considered disproportionately vulnerable to climate
change. Such vulnerability stems from many stressors, namely the location of
farms, various socio-economic, demographic and policy trends, coupled with a
limited capacity to adapt or screen alternative livelihoods (Altieri and Koohafkan
2008; Morton 2007; Vignola et al. 2015). In fact, traditional techniques and tra-
ditional ecological knowledge might be insufficient to cope with different climatic
conditions, so humanity may face the loss farmers’ historical adaptation to the
environment (Oppermann et al. 2012).

Climate drivers as warming or extreme temperature trends, drying or extreme
precipitation trends combined with carbon dioxide fertilization will synergistically
act to create increased yield variability (Porter et al. 2014). In the specific case of
Mediterranean HNVf, but not exclusively, water scarcity is expected to impact HNV
farming systems known to be more dependent on rainfall patterns or on water
available for irrigation. As projected climate change move beyond historical con-
ditions, the adaptive capacity of traditional farmers may be simultaneously affected
by a reduced reliance in traditional knowledge and by policies and regulations
leading to the substitution of traditional livelihoods through changes of farming
practices, as well as the loss of transmission of traditional knowledge (Porter et al.
2014; Salick and Ross 2009). Among the foreseeable impacts of climate change on
low-intensity farming systems are: (i) changes in productivity (e.g. through reduc-
tion of expected yields (Morton 2007; Rounsevell et al. 2006); (ii) expansion of
lowland crops and intensive farming systems to higher elevations; and, (iii) erosion
of agro-biodiversity and degradation of essential ecosystem functions. Ultimately,
the degradation of ecosystem functions is expected to affect the delivery of essential
ecosystem services such as pest regulation or pollination services (Dale and Polasky
2007; Pedrono et al. 2016; Salick and Ross 2009). The depletion of supporting
functions and regulating services (e.g. water retention and nutrient cycling) may
further enhance the adverse impacts of climate change on the low productivity of
traditionally managed farmlands (Bommarco et al. 2013; Pedrono et al. 2016).

Overall, putative negative impacts of climate change may strengthen recent
trends for rural exodus and thus the potential collapse of the social-ecological
systems underlying the nature value of low-intensity farmlands (Honrado et al.
2016). Synergic interactions between climate and land-use change, including
farmers’ management decisions (e.g. agricultural abandonment), policy decisions
and market related stressors may further impact agricultural production and the
delivery of societally relevant services from extensively managed farmlands
(Bommarco et al. 2013; Pedrono et al. 2016; Power 2010; Rounsevell et al. 2006).
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2 Methods

2.1 Literature Search

A literature review aiming to scrutinize previously published research tackling the
impacts of climate change on traditional, low-intensity, High Nature Value farming
systems was performed. Classifying farming systems according to the intensity of
agricultural practices and resulting management is challenging, as it depends on
several factors (namely biophysical conditions, climate, …). Besides operational
challenges, classifying farming systems as low-intensity or traditional, raises
conceptual challenges. Here, we considered farming systems characterized by
low-intensity practices, reflected by indicators such as rotation of crops or
small-scale traditional management of holdings and rainfed farms. The selection of
keywords was based on a review of previous keywords from reference papers (e.g.
Heller and Zavaleta 2009, Plieninger et al. 2014), and following a participatory
approach with a team of researchers specialised in the research topic. Such liter-
ature search was implemented in the ISI Web of Science (ISI WOS) and Scopus
databases for all years up to 2016, by using the following combination of key-
words: “extensi* agricult*” OR “extensi* farm*” OR “traditional agricult*” OR
“traditional farm*” OR “high nature value” OR “low-input farm*” OR “low-input
agricult*” OR “farm* low-input” OR “agricult* low-input” OR “cultural land-
scape*” OR “farm* system*” AND “climat* chang*” OR “global warm*” OR
“chang* climat*”. Potential keywords were first iteratively tested on ISI WOS.
Keywords selected were those most-commonly and unequivocal used in the lit-
erature focusing the targeted research topics. ISI WOS and Scopus were chosen as
ISI WOS was designed with the intention of satisfying users in citation analysis;
and Scopus has a more expanded spectrum of journals than ISI WOS, though
having the citation analyses more limited to recent articles when compared to
ISI WOS (Falagas et al. 2008). For the sake of analysing patterns in published
research on the impact of climate change in low-intensity farming systems, the use
of both databases and the selected keywords allowed a coherent picture of the
principal patterns in the research done so far, though not being an exhaustive
review on the subject. We retrieved 2171 records, from which duplicate records
were withdrawn, thus resulting in 1624 potential records. Two criteria were used to
ascertain the eligibility of records to be included in the final dataset and analysis:
(1) focus on low-intensity farming systems and underlying biodiversity, ecosys-
tems or social-ecological systems; and, (2) focus on the impacts of climate change
(post industrial revolution) in low-intensity farming systems. Challenges related
with farming systems classification were identified during the process of inclusion
of records. As strategy to overcome them, we used a participatory approach
between reviewers to agree on the farming systems to be included or excluded
based on the characteristics underlying legible low intensity farming systems. From
these, 100 records were considered legible for further analysis, described in detail
below.
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2.2 Analysis of Data Gathered from Literature Review

Records were classified according to the following criteria: type of research (con-
cept or data driven); type of data used (records classified as not applicable,
whenever no data was used, qualitative data or quantitative data); and, geographic/
study region (classified according to the continent where the research was devel-
oped). Further, screened publications were categorized according to their research
focus, by assigning them to the following classes: ‘Production’, ‘Biodiversity’,
‘Ecosystems regulation’ or ‘Cultural’. Records were classified as ‘Production’
whenever the topic concerned yields and food security, including farmers’ per-
ceptions on the impacts of climate change on farm productivity. ‘Biodiversity’
targeted the impacts of climate change on agrobiodiversity. Within the category
‘Ecosystems regulation’, records focusing on regulation processes, such as water or
nutrient cycle, or other processes contributing to the maintenance of
physico-chemical components of the farming system were considered. Finally,
records classified as ‘Cultural’ included those tackling recreation, tourism or aes-
thetics issues. Finally, records were classified according to the reported impacts of
climate change as follows: (1) potential positive impacts (hereafter ‘positive’),
(2) potential negative impacts (hereafter ‘negative’), (3) mixed positive and nega-
tive impacts (hereafter ‘mixed’), and (4) no clear statement on impact type (here-
after ‘not clear’) when the characterization of impacts was not clearly articulated.
The rationale supporting the selection of the metrics used for the analysis of data
retrieved from the scientific literature is provided in detail on Table 1.

To scrutinize the resulting data, a set of descriptive statistics were implemented
in Microsoft Excel© (2016). Results are presented as stacked plots of the number of
records per year to express the temporal evolution of records’ data type and targeted
topics. Additionally, radar graphs were constructed for each of the considered
classifications of data to show the percentage of records as follows: (1) the type of
data used by study region; (2) the research topic by study region; (3) the reported
impact by study region; and, (4) the reported impact by research topic. Regarding
the last categorization, i.e. reported impact by research topic, records that focus on
more than one research topic were excluded from the analyses to avoid double
counting. Overall, the resulting set of bibliographic references retrieved and anal-
ysed, presented a wide variation in what concerns the type of approach, methods,
scale, and study design, and therefore the selected variables are considered to cover
the most important variability among them, allowing for a synoptic view of the
published research on the impacts of climate change on low-intensity farming
systems.
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Table 1 Rationale supporting the adopted framework implemented for the analysis and
characterization of the research literature screened

Questions Options Rationale

Type of
research

- Data driven
- Concept driven

Conceptual research express records devoted to
theoretical hypothesis and discussion on the topic; data
driven express empirical approaches testing the impacts
of climate change in the targeted farming systems.
Overall, analysing the type of research provides an
overview of what have been the main trends of the
scientific field.

Type of
data

- Qualitative data
- Quantitative data
- Not applicable

Classification on either qualitative or quantitative data
reflect how the components of the socio-ecological
system are being captured. Qualitative data refers to
e.g. data obtained through surveys and interviews
and mostly related to the capture of social impacts
(Garibaldi et al. 2017). Quantitative data e.g. yields,
reflect data quantified. Not applicable, classification
used in the case of concept driven records, where no
data is used. By analysing the type of data used in the
published scientific records scrutinized, we aimed to
understand the availability of empirical research on the
impacts of climate change on the social-ecological
systems underlying the targeted farming systems.

Study
topic

- Production
- Biodiversity
- Ecosystems regulation
- Cultural

As multifunctional landscapes, low-intensity farming
systems contribute to the production of food and other
goods, while contributing to the support of biodiversity
and the delivery of a wide range of ecosystem services
(regulation services e.g. climate, and cultural services).
By analysing the topic of the research in each record,
we aimed to understand how integrative has been the
research on the impacts of climate change in such
social-ecological systems.

Study
region

- Europe
- Asia
- South America
- North America
- Africa
- Australia
- Global

The distribution of small-scale, low-intensity farmlands
varies across continents (e.g. Queiroz et al. 2014). By
analysing the study region of the scientific records
analysed, we expect to achieve insights on the potential
relation between the spatial distribution and the
respective thematic scope, reported impacts and types
of data used.

Reported
impact

- Positive
- Negative
- Mixed
- No clear statement on
the type of impact

As climate change is expected to affect distinctly
farming systems across geographical regions (Porter
et al. 2014), this metric aimed to qualify the reported
impacts of climate change on low-intensity farming
systems and relate them with both the thematic scope
and study regions of the scrutinized scientific records.
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3 Results and Discussion

3.1 Research on Impacts of Climate Change in Traditional,
Low-Intensity Farmlands: When, Where and How?

A sharp increase in the research published on climate change and traditional,
low-intensity farmlands occurred over the last five years (e.g., 4 records in 2011 to
13 records in 2016; Fig. 2a) with the first record found in 1989. The published
records retrieved by the bibliometric search referred mostly to data driven research
(78%). Still, 22% of records tackled the topic from a conceptual perspective only.
Among data driven records, 78% applied quantitative data, 17% qualitative data,
and 9% both qualitative and quantitative data. Overall, the temporal evolution of the
types of data used since 2012, depict a trend for increasing number of assessments
build partially on ‘qualitative data’ (Fig. 2a). This may reflect a growing awareness
of the relevance of gathering and analysing this type of data (e.g. resulting from
surveys and interviews) to complement and eventually improve researchers’ ability
to capture and understand the impacts of climate change on the social-ecological
components of farming systems (Garibaldi et al. 2017).

Regarding the geographic context, Africa and Europe were found to be the
continents where most records were originated (both with 28% of records), fol-
lowed by Asia (17%), Oceania (16%), and South America (6%). Only 5% of
analysed records resulted from Global assessments. The prevalence of research
tackling the effects of climate change in Africa, Europe, Asia, converges with
previous research highlighting the higher occurrence of (small-scale), low-intensity,
traditional farming in those continents (e.g. Queiroz et al. 2014). Interestingly, the
same does not apply to Oceania, where farming systems have been mainly
described as large-scale farms, with high average farm size (Lowder et al. 2016).
Yet, the observed prevalence of Australian records seem to reflect specific rainfed

Fig. 2 a Number of records identified per year and according the types of data considered. “Not
applicable” reflects concept-driven records, whilst ‘Qualitative’ and ‘Quantitative’ data are
associated to data driven records. b Radar graph reflecting the percentage of records retrieved from
each continent and by each type of data considered. Some records reported multiple types of data
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rotational farming systems (e.g. Asseng and Pannell 2013). The gap observed for
North America (expressed as the lack of records) may be due to the prevalence of
large scale farmlands (>50 ha), which are known to account for ca. 94% of all
farmed area in the USA and for 72% of holdings in Canada (FAO 2014).
Additionally, it may also relate to differences on the specific thresholds considered
to discriminate farmlands under low-intensity management (traditional or
small-scale farmlands) across continents, which may hinder comparability across
social-ecological contexts (FAO 2014). Interestingly, patterns observed in the USA
converge with claims that Europeans tend to focus more on the conservation of
rural landscapes, unlike North Americans that value ‘wilderness’ and non-
agricultural landscapes (Batáry et al. 2015; Dobbs and Pretty 2004). Remarkably,
conservation programs in the USA integrate a specific component of
agricultural-related legislation since 1930s (Lichtenberg 2014), even though tar-
geting a small proportion of all farmed area (*3%; Barbarika 2011; FAO 2014).

When linking records based on the types of data and geographic distribution, we
found that ‘qualitative data’ prevails in South America (43%), Asia (35%), Africa
(17%) and Europe (17%) (Fig. 2b). Yet, at the global scale, impacts of climate
change in low-intensity farming systems are mainly discussed within concept dri-
ven manuscripts (corresponding to the ‘not applicable’ category of type of data;
with 100% of the records; Fig. 2b). Conversely, quantitative data appears to be
mostly applied in research developed in Oceania (88%), Africa (77%), Europe
(55%) and Asia (50%), targeting distinct scales of analysis. The application of
‘qualitative data’ in Asia, Africa and South America may relate with an interest in
smallholders’ perspective on the impacts and potential adaptive responses, since it
has been acknowledged that such farming systems may strive under climate change
due to higher socioeconomic vulnerability (Morton 2007). Finally, the lack of
data-driven assessments at the global scale, seems to be related to operational
limitations (e.g. lack of suitable/compatible data across the globe) to address the
impacts of climate change in low-intensity, traditional farming systems at such scale
of analysis. Such limitations may hamper the ability to anticipate how climate
change will impact such farmlands either on production, either on the wide delivery
of ecosystem services (namely support for biodiversity, regulation,…).

3.2 Which Impacts of Climate Change on Traditional High
Nature Value Farmlands Have Been Under
Researchers’ Scrutiny?

Overall, the analysed records covered mostly impacts of climate change on farm-
land production (70%), followed by impacts on biodiversity and ecosystem regu-
lation (each attaining 14% of the records), and finally on cultural aspects (2%).
Interestingly, the impacts of climate change on the cultural aspects of traditional
farming systems seem to have been the last to get researchers’ attention, with the
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first studies dated from 2008 (Fig. 3). A deeper analysis on the topics under
scrutiny across geographic regions highlight that research performed in the African
continent focus mainly agricultural yields (86%), with few studies targeting either
biodiversity or ecosystems regulation (7%, each). Similar trends were found also for
the Asian continent (production with 73% of the records, ecosystem regulation with
14%, and biodiversity with 9% of the records), but here one record targeted the
impacts of climate change on the cultural capital of such farmlands (corresponding
to 5% of the records). Contrastingly, European research seems to focus the impacts
of climate change on production (56%) and agro-biodiversity (28%), with fewer
efforts invested on understanding how such change will reflect on regulation (14%)
and cultural services (3%) in HNV farming systems. Records reported for Oceania
tackled mainly production (74%), followed by ecosystems regulation (21%) and
biodiversity (5%). As for South America, records targeted mainly production
(60%), followed by ecosystems regulation (20%), biodiversity and cultural (each
with 10%). Likewise, global records focus mostly on production (71%), with only
one record tackling biodiversity and ecosystems regulation (14% each). Overall, an
emphasis of research on yields converges with an increasing societal demand for
food production and security (Fischer et al. 2017; Rockström et al. 2017), with this
being particularly relevant in the context of subsistence farming (see for e.g. Morton
2007). In developing countries, a high percentage of the population rely on
small-scale, traditional farming systems for subsistence, even though they are
particularly vulnerable to social-ecological change, e.g. climate change (Morton
2007). As so, the ability of such farming systems to provide food security is of the
utmost importance, and assuring their persistence in the future is still a challenge to
tackle.

In Europe, research priorities seem to derive from a concern of maintaining
farming systems, by preventing their abandonment or intensification in the future.
The higher focus on biodiversity in European records may be due to the conver-
gence of agrobiodiversity within Rural Development Policies, through recognition
of the importance of High Nature Value farmlands (Lomba et al. 2014).
Interestingly, only 3 out of 28 European records retrieved by our search mention

Fig. 3 Number of records
through years across research
topics. Note that some records
report to multiple categories,
and thus the number of papers
across categories sums up
more than the total number of
records
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HNVf in the main text, even though no clear reference to HNV is done when
describing the targeted farming systems. This is consistent with the conceptual and
methodological challenges that the implementation of the HNV concept faces (for a
review see Lomba et al. 2014), especially in what concerns data availability, res-
olution (spatial and temporal) and quality (Pôças et al. 2014), and the lack of a
common framework or approach (Lomba et al. 2014).

Topics such as ecosystem regulation and, more critically, cultural impacts are
less covered when impacts of climate change are being scrutinized. Overall, this
trend relates to an inability to forecast the potential impacts of climate change on the
complex social-ecological systems underlying traditional farming systems, and thus
to anticipate threats to their future persistence e.g. policy and market-driven
changes, land-use change. Such trends are, nevertheless, symptomatic of the lack of
(short or long-term) assessments targeting the value of traditional farming systems
in what concern their ability to provide ecosystem services, and support to species
and habitats of high nature and/or conservation value.

Most records reported or predicted negative impacts from climate change (69%),
followed by mixed (26%), with only 3% reporting positive impacts on farming
systems. This converges with previous research, in which negative impacts on food
production are reported as consequence of expected climate change (Porter et al.
2014). Climate change is expected to impact food production differently across
geographical regions, with negative impacts expected to affect mainly low-latitude
countries, while mixed impacts are expected to high latitude countries (Porter et al.
2014). From the revised records, the highest percentage of negative impacts by
continent were reported for Asia (88%) and Global assessments (80%), followed by
Africa (68%), South America (67%), Oceania (63%), and Europe (61%) (Fig. 4).

Fig. 4 Radar graph reflecting
the percentage of records by
study region and by impact
type categories
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While mixed effects were reported across all continents, the highest percentage
were reported in South America (33%), Oceania (31%), Africa and Europe (both
with 29%), followed by Global (20%) and Asia (12%). Positive effects were only
reported in Africa (6%), Europe (4%) and Oceania (4%).

Finally, records focused only on biodiversity reported mostly potentially nega-
tive impacts (83.3%). The same was observed for records focused only on
ecosystems regulation (85.7%). Records focused only on cultural topics reported
only potential negative impacts. Records on production reported mostly potential
negative impacts (66.2%), followed by mixed impacts (27.9%) (Fig. 5). The
observed impact variability or lack of it may, nevertheless, relate more with the
small number of records than with the realm of potential impacts.

4 Conclusions

Worldwide, there’s an increasing awareness of the pivotal role of low-intensity
farming systems and resulting farmlands for food security and for the wide provision
of ecosystem services, beyond the support to biodiversity. As social-ecological
systems, such farmlands result from the complex relations and dynamics between
Man and nature through time. Yet, social-ecological changes, e.g. lack of
socio-economic profitability and consequent land abandonment or intensification,
rural development and/or environmental policies, are threatening the persistence of
such farming systems at the global scale.

Understanding how environmental change may impact such farmlands in the
future so that their resilience may be fostered is of utmost relevance if their out-
standing natural and social capital are to be preserved. Whilst most of the debate

Fig. 5 Radar graph reflecting
the percentage of records by
topic and by impact type
categories. Records that focus
on more than one topic were
excluded from the analysis to
avoid double counting
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has focused on the impacts of land-use change (e.g. abandonment) on low-intensity
farmlands, climate change is also foreseen to significantly impact such farmlands in
the future. Here, we tackled this challenge by scrutinizing the existent scientific
knowledge, by reviewing previous research relating climate change to
low-intensity, traditionally managed farming systems.

Overall, our results depict substantial differences among social-ecological con-
texts in what concerns the reported potential impacts (positive, negative or mixed)
of climate change on low-intensity managed farmlands. Records focusing on pro-
duction originate from areas characterized by subsistence farming, while impacts on
ecosystem functions (regulation, cultural or biodiversity) are scrutinized in distinct
contexts where these farming systems are currently facing abandonment.
Specifically, there is a lack of data-driven assessments at the global scale. Still,
forecasting the impacts of climate change on low-intensity, traditionally managed
farmlands at the global scale is essential if they are to be anticipated (and mitigated)
at this scale.

Africa and Europe were found to be the continents where most records were
originated from. Most records focused largely on farmland production, followed by
impacts on biodiversity and ecosystem regulation and at a lesser extent on cultural
aspects. Interestingly, a focus on food production was found in developing regions
(e.g. Africa) where subsistence farming prevails, while higher focus on biodiversity
was observed on developed regions (e.g. Europe) probably due to environmental
goals within rural development policies.

Our results point to a general inability to forecast the potential impacts of climate
change on the complex social-ecological systems underlying traditional farming
systems. Nevertheless, most records reported or predicted negative impacts from
climate change, followed by mixed, with very few reporting positive impacts on
farming systems.

In a nutshell, more research focusing the impacts of climate change on
low-intensity, traditionally managed farmlands is needed if a more holistic under-
standing of food security and human well-being is to be reached. Furthermore, as
the resilience of such farming systems rely on their multifunctionality, integrative
approaches are needed to fully understand the impacts of climate change in such
systems. Such approaches entail considering the potential impacts of both climate
and land-use change on biodiversity and the provision of ecosystem services.

While an increasing number of studies analyzing the impacts of climate change
on low-intensity, traditionally managed farming systems was observed, there is still
room for improvement in what concerns the conceptual and analytical approaches
developed and implemented. In fact, there is a pressing need to develop modelling
tools and frameworks able to model and forecast dynamics of coupled
social-ecological systems, as well as interactions and feedbacks between them.
Investing efforts in the improvement of climatic projections, including alternative
scenarios of development, at multiple decision scales of analysis, is also among the
research needs essential to foster current knowledge. Ultimately, integrated
approaches in which the social-ecological systems functioning and dynamics of
such farmlands are considered in relation to both climate and land-use change
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would provide the backbone of a paradigm shift in current knowledge, supporting
adaptive management and monitoring of low-intensity, traditionally managed
farmlands under current environmental change.
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Profitability of Cassava Based Farms
Adopting Climate Smart Agriculture
(CSA) Practices in Delta State, Nigeria

Anthony O. Onoja, Joshua Agbomedarho, Ibisime Etela
and Eunice N. Ajie

Abstract This study assessed the profitability of Climate Smart Agriculture
(CSA) practices adopted by cassava based farmers in Delta State, Nigeria. It also
ascertained the differences in profits between the CSAs and then evaluated the
determinants of their profits. Primary data were collected from 120 farmers with the
aid of a structured questionnaire and a Focused Group Discussion approach.
The data were analyzed using descriptive statistics, Gross Margin, OLS regression
models and Friedman test statistic. Findings indicated that the CSAs practiced by
the farmers were crop rotation (91.8%), bush fallowing (80.0%), use of organic
manure (73.3%), agro-forestry (40%) and multiple cropping (55%). The mean gross
margin estimates for multiple cropping, monocropping and agro-forestry were
$1684, $146.07 and $700 respectively. There was a significant variation in the
profitability of the three farming systems. Extension service, CSA adoption,
farming experience and sex were the major determinants of profitability in the
cassava farms operating the CSAs. Based on the findings, it was recommended that
agricultural extension services be provided to boost productivity of CSA practices
in the crop farms; while policies that will encourage CSA adoption (especially
agro-forestry and multiple cropping) should be put in place. Gender mainstreaming
in the CSA adoption should also be encouraged by relevant authorities.
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1 Introduction

A recent report of The Food and Agriculture Organization, FAO (2017) noted that
climate change’s impact on global food security will affect not just food supply but
also food quality, food access and utilization as well as the stability of food security.
The report added that adoption of sustainable land, water, fisheries and forestry
management practices by smallholders will be crucial to efforts at adapting to
climate change, eradicating global poverty and ending hunger. FAO noted that it
would be equally important to work on mitigating the effects on agriculture, as this
will open up pathways for agricultural development that can increase food pro-
duction in ways that release fewer GHG emissions per unit of food. Without efforts
to adapt to and mitigate climate change, FAO warned, food insecurity would likely
increase substantially.

FAO (2009a, b) ranked Nigeria as the global largest producer of cassava with an
annual output of about 45 million metric tonnes. In addition to this her cassava
transformation is the most advanced in Africa (Egesi et al. 2006). In Delta State of
Nigeria, agriculture is the mainstay of the economy. Cassava and other arable crops
are largely grown for local consumption and commercial purpose in Delta State
(Delta 2011). However, it is worrisome to note that Nigeria is under the threats of
climate change and variability which may negatively impact on the growth of
agriculture and food security in the country. The Nigerian Meteorological Agency
(NIMET 2013) noted that there was increasingly late onset of the rainy season in
recent years such that by 1971–2000 a vast portion of the country had experienced
late onset of the rains. The report also noted that the cessation of the rainy season in
the country transformed from being generally “normal” between 1941 and 1970 to
“early cessation” during the 1971–2000 period. Thus, the period of the rainy season
in the country has been reduced since 1941 when the onset and cessation were
generally normal to 1971 when signals of late onset and early cessation of the rainy
season set in. Since then, the length of the rainy season had remained shrinking
while annual total rainfall remained about the same, thereby giving rise to high
impact rainfall, resulting in flash floods. The report also indicated that temperatures
across the country showed an increasing trend from mid 20th century to date. The
mean temperature anomaly shows clearly the prevalence of warming in the country.
Temperatures have increased from 0.2–0.5 °C in the high ground areas of Jos,
Yelwa and Ilorin in the north and Shaki, Iseyin and Ondo in the Southwest to
0.9–1.9 °C over the rest parts of the country.

Cassava farming in Nigeria and indeed, in Delta State had been largely rainfed
making the farms more vulnerable to the effects of climate change. The challenges
posed by climate variations on crop production, has been well documented. The
Intergovernmental Panel on Climate Change, IPCC (2007) reported that climate
change would likely lead to a major spatial shift and extension of crop lands as it
would create a favorable or restricted environment for crop growth across different
regions; besides, frequency of heat stress, drought and flood exert negative effects
on crop production. Niger Delta region of Nigeria in which Delta State is located is
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characterized by many lowlands, with most areas less than six metres above sea
level and highly vulnerable to rainfall variability. Flooding thus is a common
climate extreme event. It is also a major threat to the surrounding farms with the
presence of numerous creeks, rivers and water bodies. There are documented evi-
dence of climate change impacts in various parts of Nigeria including Delta State
(Odjugo 2010). However, it is not certain how the effects of climate change and the
adaptation efforts being practiced by the farmers had affected the profitability of
cassava farms in Delta State of Nigeria.

Current research efforts are pointing to CSA adoption as a way of coping with
climate change while mitigating the causes and reducing poverty through increase
in farm productivity. Agriculture is considered to be “climate-smart” when it
contributes to increasing mitigation, food security and adaptation sustainably. This
new concept now dominates current discussions in agricultural development due to
its capacity to amalgamate the agenda of agricultural development and climate
change communities under one brand (Neufeldt et al. 2013) especially the UN
Sustainable Development Goals and the Malabo declaration of the African Union.
Adopting Climate-Smart Agriculture practices can reduce the risks facing small-
holder farmers and mitigate the effects of extreme weather events on farms. Some
notable CSAs involved enhancing crop production through minimum tillage
systems/conservation agriculture, evergreen agriculture, shifting of planting dates,
agro-forestry systems (to mention but a few) as Climate Smart Agriculture solutions
(Landscapes 2014). To a large extent, the effect of climate change on cassava which
is a major crop grown in Delta State is not known; and at such we do not know if
the crop yields or profits from the farms are affected by these climatic variations.
Prior to this time, no research, to the best knowledge of these researchers, has been
carried out on this subject in this region. It is against this backdrop that this study
was designed to assess the productivity of climate smart agricultural practices
adopted by cassava based farmers in Delta State of Nigeria.

A study of this nature could give an insight into ways of reducing poverty status
of farmers in the face of climate change. Lessons could also be learned on what
determine profitability in farming when climate smart agricultural practices are
being adopted by crop farmers. Studies focusing on how CSAs adoption could
affect farmers’ profitability are not very common even as the concept of CSA is
becoming widely accepted as a measure for mitigating climate change and adapting
to climate change while ensuring poverty reduction. Hence the findings of this
study will provide a lot of policy impetus for simultaneously addressing issues of
climate change mitigation, adaptation and farmer’s poverty reduction drive.

1.1 Objectives of the Study

The broad objective of this study is to assess the profitability of CSA practices
adopted by cassava based farmers in Delta State of Nigeria and understand the
factors which influence the farm profitabilities under this practice.
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The study specifically:

(i) identified the major climate smart agricultural (CSA) practices adopted by
cassava farmers to adapt to climate change effects in the area;

(ii) determined the profitability of cassava farms under three major CSAs
regimes, and

(iii) ascertained the determinants of profitability in cassava farms adopting CSA
farming systems.

1.2 Hypotheses of the Study

Two null hypotheses were formulated to guide the study. These were specified as
follow:

Ho1: There is no significant variation in profitability of farms practicing the CSAs in
the study.
Ho2: Types of CSA adopted by the farmers have no significant effects on farm
profitability in the area.

1.3 Conceptual Frameworks

Climate risks facing cropping, livestock and fisheries are expected to increase in
coming decades, particularly in low-income countries characterized by weaker
adaptive capacity. Impacts on agriculture threaten both food security and agricul-
ture’s pivotal role in rural livelihoods and broad-based development (CCAFS and
UNFAO 2014).

Climate Smart Agriculture (CSA) refers to agriculture that increases sustainable
productivity, resilience (adaptation), reduces or removes greenhouse gases (miti-
gation), and enhances achievement of national food security and development goals
(FAO 2010). This is a triple objective that is intended to be achieved by employing
climate smart techniques. In some parts of the world, CSA has been able to boost
crop productivity and reduce loss in agricultural productivity (The World Bank
2011). CSA does not imply an expensive, outrageous practice but uses the available
techniques already existing in ways that would positively affect the output of agri-
cultural products. World Bank (2011) warned that climate change was already
changing the face of farming. Increases in temperature, rainfall patterns’ variability,
more extreme droughts and floods, and the shifting distribution of pests and diseases
are all signs that could be attributed in part to the increase in emissions of green-
house gases resulting from human activities. Given that these factors exert some
impact on food production, adapting to climate change via climate smart agriculture
(CSA) must be the first priority for the agriculture sector (World Bank 2011).
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Nevertheless, the future is still bright. There are many practices under ‘climate-
smart agriculture’ which can increase food production, aid farmers to build resi-
lience against climate change and reduce emissions of greenhouse gases (FAO
2010). According to FAO (2010) some CSAs being adopted by farmers in the
developing countries are farming system which could be described as conservation
agriculture. This encompasses agronomic practices such as using minimum tillage
methods for land preparations, use of improved seed and stock varieties, planting of
cover crops, crop rotation, changing of planting dates, mulching, among other
practices. According to Rosenzweig and Livewrman (1992) and Jagtap (2007) it is
important to note that in many parts of the tropics as in Nigria, traditional practices
such as terracing, agro-forestry, multiple cropping or crop diversification act as
measures to cushion the effect of the changing climate on crop production, leads to
increased output level and also conserve the soil fertility. These are all various
forms of CSAs.

2 Research Methods

2.1 Study Area

The study was conducted in Delta State, Nigeria. Located between latitude 5° 30′N
and longitude 6° 00′E, Delta State is endowed with a total land area of 16,842 km2

(6503 mi2) (Federal Republic of Nigeria 2007). Delta State is an oil producing state
one of the rich agricultural producing states of Nigeria, situated in the region known
as the South-South geo-political zone with a population of 4,098,291 (National
Bureau of Statistics 2006a, b). Agriculture, Forestry and Fishing are prominent
sources of livelihood in the state. The food crops produced in the state include
cassava, fruits, rice, yam, vegetables, mangoes, pawpaw, pineapples, tomatoes
banana and pepper. Delta is a major exporter of petroleum, rubber, timber, and palm
oil alongside palm kernels via the Niger Delta ports (Delta 2011). Nigeria’s
economy is dominated by revenue from the oil sector. However, contribution of
agriculture to overall GDP had been decreasing over the years especially after the
discovery of oil in the country. For instance, it was observed that agriculture share
of GDP went from 64% in 1960 to 46% in 2010. This, according to Udah et al.
(2015) was as a result of decimal performance of its subsectors. With the exception
of crop sub sector, they noted, livestock share of agricultural GDP declined from
24% in 1980 to 6% in 2010; forestry from 4 to 1% and fishery from 11 to 3%
respectively.
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2.2 Sampling Plan and Data Collection Method

The study sample comprised of 120 cassava farmers randomly selected from a list
of 4500 cassava farmers registered with the Delta State Agricultural Development
Project (DSADP) spread across four local government areas that were randomly
selected from 25 local government areas (LGAs) in the state. These LGAs included
Ughelli, Ndokwa-North, Sapele and Patani LGAs. In each of these LGAs, two
communities were randomly selected from which 15 farmers each were selected.
This gives a total sample of 120 farmers (i.e. 2 � 15 � 4 = 120).

Data was collected from the primary source through the use of a structured
questionnaire. 120 copies of the questionnaire were administered to the selected
farmers. The questionnaire asked questions pertaining to the socio-economic
attributes of the farmers and their demography such as age, sex, household size,
monthly income proxied by monthly household expenditure, types of CSA adopted,
educational attainment level, location, production inputs used on the farm as well as
their unit prices and quantities used. Focused Group Discussions were also con-
ducted with selected farmers and leaders of farm associations in addition to personal
interviews conducted on the respondents. The focused group discussion elicited
responses on types of CSAs farmers adopted and reasons they chose to adopt them.
It also gave insight as to the extent of adoption of CSAs in the area and challenges
of adopting the CSAs. It was necessary to conduct the FGD in order to bring about
participation of farmers in the design of the study as well as to cover some issues
not raised in the structured questionnaire. The FGD involved 13 farmers who were
invited to discuss the required responses to the interview of the study. The field
work was conducted by the researcher in 2015 while questionnaire were admin-
istered with the help of 4 trained enumerators and one translator.

2.3 Data Analysis Technique

Objective (i) was attained with the aid of descriptive statistics such as frequencies,
percentages and mean. Gross Margin analysis was used to determine the prof-
itability of the farms under three selected CSAs (Monocropping, Agro-forestry and
Multiple Cropping or multiple cropping). The crops were selected based on their
high frequency of adoption during the year in review (2015). OLS Multiple
regression analysis models (using three functional forms, linear, semi-log and
double log models) were used to analyze the effect of socioeconomic variables and
adoption of climate smart practices on the profitability of the farmers in under
various CSA regimes in the study. The differentials in Gross Margin of the CSAs
(hypothesis 1) was tested using Friedman test following Conover (1999).
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2.3.1 Model Specification

(i) Gross Margin Analysis
The formula for Gross Margin of cassava farms is given as follows:

GM ¼ TVP�TVC ð1Þ

where,

GM Gross Margin in Naira (and USD)
TVP Total Value of Production in Naira (and in USD) and
TVC Total Variable Cost in Naira (and in USD).

(ii) OLS Multiple Regression Models
The implicit form of the multiple regression model used to analyze the
determinants of profit under various CSA regimes in the study is specified as
follows:

Y ¼ f X1;X2;X3;X4;X5;X6;lð Þ ð2Þ

The explicit forms of the regression models used for the analysis are spec-
ified as follows:
Linear function

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X4 þ b5X5 þ b6X6 þ b7X7 þ b8X8 þ l

ð3Þ

Double-log model

ln Y ¼ b0 þ b1 ln X1 þ b2 ln X2 þb3 ln X3 þ b4 ln X4 þ b5 ln X5 þ b6 ln X6 þ l

ð4Þ

Semi-log model

ln Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X4 þ b5X5 þ b6X6 þ l ð5Þ

Y amount of revenue realized from climate smart agricultural practices
(in Naira or USD);

b0 Intercept of the model;
b1 − b8 slope coefficient of the respective variables;
X1 age of farmer’s (in years);
X2 extension service access (0 = “Yes”, 1 = “No”);
X3 CSA type practiced (mono cropping = 1, agro forestry = 2, mixed

cropping = 3);
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X4 location of the farm (distance of farm from the nearest market in
kilometres);

X5 farming experience (years);
X6 sex (0 = male, 1 = female); and l = Stochastic error term (assumed

to have zero mean and constant variables).

(iii) Friedman test

Friedman test is a nonparametric test of equality of means used for analyzing
randomized complete block designs (Conover 1999). According to Conover, the
test is an extension of the sign test when there may be more than two treatments.
The Friedman test is built on the assumption that there are k experimental treat-
ments (k � 2).

3 Results and Discussion

The following socio-economic attributes of the farmers were noted and discussed as
follows.

Table 1 shows the marital status of the respondent in the study area. The analysis
reveals that (5.0%) of the respondents were single, (65.0%) were married, (21.7%)
were widowed, (3.3%) were divorced, (5.0%) were separated. This implies that
more married people engaged in the business of cassava production in the study
area.

Table 2 shows that (43.3%) of the respondents were female and (56.7%) were
male who engaged actively in cassava production. More males engaged in cassava
production than female.

Table 3 shows that 1.7% of the respondent were between the age range of 1–5,
23.3% were of the age range 31–40, 61.7% were between 41 and 50, and 13.3%
were between 51–60 years. This shows that more farmers fell between the ages of
41–50 years and were engaged more in cassava production as a means of livelihood
to sustain their families.

Table 4 shows that 3.3% of the farmers had a household size of 1, 38.3% had a
household size of 4, (25.0%) had a size of 5, 20.0%) had a household size of 6,

Table 1 Distribution of
farmers according to marital
status

Frequency Percent (%)

Single 3 5.0

Married 39 65.0

Widowed 13 21.7

Divorced 2 3.3

Separated 3 5.0

Total 60 100.0

Source Field data, 2015
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while (1.7%) had 9 members as family size. This shows that majority of the farmers
had a family size of about 4 individuals.

Table 5 shows that 6.7% of the respondents never had formal education, 45.0%
only had primary education, 43.3% of the respondents had secondary education and
only a few (5.0%) had tertiary education. This indicates that a greater percentage of
the respondents were literate and this would afford them the opportunity to
understand and adopt modern farm practices thereby enhancing productivity and
profitability.

Table 6 displays the years of farming experience of the respondents, the analysis
shows that 11.7% had an experience of 1–5 years, 63.3% had experience of
6–10 years, 18.3% had 11–15 years of experience, while 6.7% of the farmers had
16–20 years of farming experience. Thus it can be stated that there were high
number of experienced farmers here.

The findings from Table 7 shows that (3.3%) of the respondents have a farm size
below 1 ha, 91.7% produce on a farm size of 1–5 ha, 5.0% have farm size ranging
from 6 to 10 ha. This shows that a greater proportion of the cassava farmers in the
study area operate small and medium scale farms.

Table 2 Distribution of
farmers according to sex

Gender Frequency Percent (%)

Male 26 43.3

Female 34 56.7

Total 60 100.0

Source Field data, 2015

Table 3 Distribution of
farmers according to age

Age group (years) Frequency Percent (%)

21–30 1 1.7

31–40 14 23.3

41–50 37 61.7

51–60 8 13.3

Total 60 100.0

Source Field data, 2015

Table 4 Distribution of
farmers according to
household size

Household size Frequency Percent (%)

1 2 3.3

2 2 3.3

3 3 5.0

4 23 38.3

5 15 25.0

6 12 20.0

7 2 3.3

9 1 1.7

Total 60 100.0

Source Field data, 2015
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The frequencies of selected types of CSAs adopted in the study during the period
in focus are presented in Table 8. Table 8 shows that majority of the farmers (55%)
were adopting multiple cropping, growing cassava alongside maize, yam, and
plantain, while those who practiced agro-forestry CSA constituted 40% of the entire
farmers. A very small proportion (5.0%) of the farmers were engaged in multiple
cropping as their CSA. The use of multiple cropping as preferred by the cassava
farmers in the findings above indicated that the farmers were really very prepared to
tackle the risks of climate change sustainably. This is because with multiple
cropping, the farmers could build resilience against risks of crop failure by
depending on more crops in a planting season.

Table 5 Distribution of
farmers according to
education qualification

Level of education Frequency Percent (%)

Non formal 4 6.7

Primary 27 45.0

Secondary 26 43.3

Tertiary 3 5.0

Total 60 100.0

Source Field data, 2015

Table 6 Distribution of
farmers according to years of
farming

Farming expeience (years) Frequency Percent (%)

1–5 7 11.7

6–10 38 63.3

11–15 11 18.3

16–20 4 6.7

Total 60 100.0

Source Field data 2015

Table 7 Distribution of
farmers according to farm size

Farm size (ha) Frequency Percent (%)

<1 2 3.3

1–5 55 91.7

6–10 3 5.0

Total 60 100.0

Source Field data, 2015

Table 8 Distribution of
farmers according to CSA
adopted

CSA adopted Frequency Percent (%)

Multiple cropping 66 55.0

Monocropping 6 5.0

Agroforestry 48 40.0

Total 120 100.0

Source Field data, 2015
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Moreover, in multiple cropping some crops that replenish lost nutrients as is the
usual case with leguminous crop rotation or interplanting perform poorer in
regaining loss nutrients under climate change could be incorporated. The farmers
also agreed that they practiced some other types of CSAs such as crop rotation
(91.8%), bush fallowing (80.0%), use of organic manuring (73.3%), planting of
improved varieties of planting materials (65%) and early planting (91.7%).
However, for the year in review, the farmers agreed to adopting only monocrop-
ping, agro-forestry and multiple cropping, that is why these CSAs were chosen.

3.1 Profitability Differentials in Three CSAs Adopted
by Cassava Farms in the Study

The estimates of mean profits (Farm Gross Margins) in the three dominant CSAs
found in the study are presented in Table 9. The results indicated that multiple
cropping and agro-forestry were more profitable with estimated gross margins of
$1684 (₦320,000.00) and $700 per hectare ₦199.00:$1. (₦133,000.00). The higher
profit recorded from the multiple cropping indicates that diversification of crops
could help leverage risks against variability in climate or rainfall. The result of
agro-forestry showing a higher profit than monocropping also attest to the reliability
of agro-forestry as a useful CSA in boosting farm profitability. The use of two
different crops or more hedges risk of crop failure and low yield. It is therefore not
surprising to see that the two CSAs, crop diversification and agro-forestry were
more profitable than monocropping.

Results of the Friedman test gave a Chi-square statistic of 8.273 at 2 degrees of
freedom and was statistically significant at 5% (p = 0.016). With this result, we
reject the null hypothesis (Ho1) which held that there was no significant variation in

Table 9 Tests of hypothesis on variation in mean gross margins of the three systems of farming

Type of
CSA

Multiple
cropping

Monocropping Agro-forestry

N (120) 66 6 48

TVP ₦ 930,000 ₦ 356,000 ₦ 580,000

Less TVC ₦ 610,000 ₦ 326,800 ₦ 447,000

Normal
parameters

Mean gross margins (GM
value in USDa)

₦ 320,000.00
($1684)

₦ 29,200.00
($146.07)

₦ 133,000.00
($700)

Std. deviation 177,400.00 105,900.00 60,230.00

Friedmann chi test statistic = 8.273

Asymp. sig. (2-tailed) = 0.016
Degrees of freedom (df) = 2

Source Field Data, 2015
Test distribution is normal
aExchange rate of 190.024 Nigerian Naira to one US Dollar
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profitability of farms practicing the CSAs in the study. The Friedman test gave the
following ranks to the CSAs: Multiple cropping, 2.50; Monocropping, 2.42 and
Agro-forestry, 1.08. The ranks are in order of magnitudes, implying that higher
ranks indicates higher profitability. The foregoing result enabled us to conclude that
the gross margins recorded were significantly different in the three CSAs with
multiple cropping having the highest GM, followed by agro-forestry and
monocropping respectively.

3.2 Effects of Socioeconomic Variables and Adoption
of CSA Practices on Cassava Farms’ Profitability

Results in Table 10 gives the estimated coefficients and other parameters of the
OLS regression applied to ascertain the effects of type CSA adopted alongside
socio-economic factors’ effects on the gross margins of cassava farms. Out of the
three functional forms estimated we found that the semi log model is the best fit for
analysis because it has the lowest Akaike info criterion of 1.028. The R2 (0.63),
implies that 63% of variation in profitability in the model was explained by the
variations in the values of the independent variables of the model. With the VIF of
1.883, it shows that there is no problem of severe multicollinearity in our model.
Most of the estimated slope coefficients also returned signs that were in sync with
theoretical expectations.

Four variables, extension service, CSA type adopted, farming experience and
sex of the farmer exerted significance effects on the estimated profitability of cas-
sava production in the model. Extension service had a slope coefficient estimate of
0.06 and was significant at 1% of probability, showing that an increase in services
rendered by extension agents by 1% increased the profitability of cassava based
farmers in the study by 0.6%. CSA type adopted, with a positive coefficient of
0.100 is significant at 5% probability, indicating that a switch to another CSA
practiced by the farmers increased their revenue by 0.10%. This result gave us the
confidence to reject the second null hypothesis of the study which stated that types
of CSA adopted by the farmers have no significant effect on the farm profitability in
the study. CSA adoption therefore can be said to exert significant effect on the farm
profitability levels. This is in line with FAO (2010) and Jagtap (2007) submissions
which both indicated that CSAs can enhance mitigation, adaptation of farms as well
as lead to increased farm productivity. Farming experiences with a negative coef-
ficient of −0.02 is significant at 5% probability level and this indicates that revenue
decreased with increased years of farming experience. Sex with a coefficient of
0.463 is significant at 1% probability implying that gender was a significant
determinant of profitability of cassava farms under various CSA regimes in the
study.
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4 Conclusion

This study was able to assess the profitability of CSA practices implemented by
cassava based farmers in Delta State of Nigeria. At the same time, the differentials
in profits across CSAs and their farm profitability determinants were duly ascer-
tained using descriptive methods, budgetary analysis (Gross Margin), Friedman
statistics and OLS econometric approach. The study then compared three dominant
CSAs adopted by the farmers which included monocropping, multiple cropping and
agroforestry out of other CSAs practiced. Multiple cropping gave better profit,
compared to the other two CSAs, agroforestry and monocropping. It is not sur-
prising as monocropping lacked the kind of risk absorptive capacity of multiple
cropping and that of agro-forestry. It was found that the variation in the profitability
of the three CSAs were significant. The implications of this is that multiple crop-
ping could be a better option if a farmer seeks profit or plans to undertake com-
mercial production of cassava. Even, in terms of sustainability, it would be
advisable to adopt agro-forestry and multiple cropping since they are equally
profitable and have additional benefits of improving biodiversity and reducing risks
of crop failure associated with climate change.

It was found that extension service, CSA adoption, farming experience and
gender were the major determinants of profitability in the cassava farms in the
study. Based on the foregoing findings, the following policy recommendations were
made: (1) CSA adoption should be encouraged among arable crop farmers as a way
of improving profitability in the farms, mitigating climate change and improving
farm productivity; (2) farmers seeking higher profits in their CSAs and seeking to
hedge risks associated with monocropping should adopt multiple cropping as it
boosts commercialization; (3) policies to encourage CSA adoption must consider
mainstreaming gender in the system; and (4) authorities including governments and
stakeholders in climate change should provide agricultural extension service to
farmers to enable them adopt CSA practices productively.
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Climate-Smart Agricultural Practices
(CSA) Adoption by Crop Farmers
in Semi-arid Regions of West and East
Africa: Evidence from Nigeria
and Ethiopia

Anthony O. Onoja, Amanuel Z. Abraha, Atkilt Girma
and Anthonia I. Achike

Abstract The study was designed to scientifically identify two analogous African
sites in semi-arid regions experiencing climate change so as to share their common
experiences and then document CSA practices adopted in these regions. It identified
analogous sites in Nigeria and Ethiopia for the purpose of studying their climate
change adaptation experiences; assessed the socio-economic attributes of crop
farmers in the semi-arid regions of these countries under stress and risk of climate
change; ascertained the perception of crop farmers on climate change risks in the
areas and then described the CSAs adopted in the two analogous sites. Identification
of sites were done using GIS tool called CCAFs. Then 120 crop farmers each were
randomly selected from the two countries (240 farmers) in a stratified manner.
Primary data were collected with the aid of Focus Group Discussion method, a set
of structured questionnaire and interview schedule after validating the question-
naire. Data collected were analyzed using descriptive statistics and ranking tech-
niques; analysis of variance and t test. It was found that the socioeconomic
attributes of farmers in Ethiopia and Nigerian farms varied especially with respect to
food assess, types of crops cultivated, household size, education and extension
contacts even though major crops in the regions were similar (sorghum, maize,
millet and sesame). The two countries had similarities in the adoption of CSAs with
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the most common CSAs being crop rotation, agro-forestry, adoption of water
management techniques, terracing/bunding and contour cropping. In Nigerian
farms, while changing of planting dates (76%), diversification of crops (71%) and
planting of high resistant varieties (82%) were common CSAs adopted by the
farmers, Ethiopian farmers did not adopt these on a high scale. There was no
difference in rate of adoption of CSAs in the two countries. It was recommended
that farmers should be assisted to build capacities in applying more reliable CSAs
such as use of drought tolerant varieties of seeds, improved water management
techniques, and to have better access to early warning information on climate;
irrigation facilities and finance.

Keywords Agroforestry � Climate smart agriculture � Climate change
Farming systems � Multiple cropping

1 Introduction

There is an increasing trend of negative climate change impact in the Sub-Sahara
Africa (SSA). The impact is usually worse due to deep rooted poverty and lack of
infrastructure. Farmers in this region have the least ability to cope (Inter
Governmental Panel on Climate Change, IPCC 2001). It appears that the most
feasible policy option remains on how to adapt effectively to climate change effects
as mitigation alone cannot achieve much. Adaptation cost in Africa is enormous
and thus requires more efficient way of managing it. For instance, the United
Nations Environment Programme (UNEP) Adaptation Gap Report (UNECA
2014b) projected an adaptation cost for SSA to be between $14 billion and $15
billion a year. It is equally predicted to reach $70 billion by 2045 if no additional
mitigation action is taken. This looming cost of adaptation amidst lingering hunger,
food insecurity and poverty exacerbated by climate change effects in Africa and
other developing countries could have informed FAO (2010a, b) to emphasize that
“agriculture in developing countries must undergo a significant transformation in
order to meet the related challenges of food security and climate change”. This
could explain why there is an increasing emphasis on how to apply Climate Smart
Agriculture (CSA) as a measure for sustainably adapting to climate change’s
negative effects in agriculture. CSA describes agricultural practices, approaches and
systems that sustainably and reliably increase food production and the ability of
farmers to earn a living, while protecting or restoring the environment (FAO 2010a,
b). CSA aims to build the food and nutrition security of the rural poor so that farm
families have access to enough nutritious food at all times, even in the face of a
changing climate. According to FAO (2010a, b), CSA practices enable farming
communities to: sustainably and reliably increase agricultural productivity and
incomes; adapt and build resilience to extreme weather events and a changing
climate; and where appropriate, contribute to reducing greenhouse gas emissions
and concentrations. FAO (2013) noted that CSA shares objectives and principles
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with sustainable intensification of crop production. Sustainable crop production
intensification (SCPI) can be summed up in the words “save and grow”. Sustainable
intensification, FAO further expounded, means a productive agriculture that con-
serves and enhances natural resources. It uses an ecosystem approach that draws on
nature’s contribution to crop growth—soil organic matter, water flow regulation,
pollination and natural predation of pests—and applies appropriate external inputs
at the right time, in the right amount to improved crop varieties that are resilient to
climate change and use nutrients, water and external inputs more efficiently. A CSA
approach adds a more forward looking dimension, more concern about future
potential changes and the need to be prepared for them.

In Nigeria as well as other West African (WA) countries, observed temperatures
have been increasing faster than the projected global warming. The increase varied
between 0.2 and 0.8 °C since the end of the 1970s (Sarr 2012). This trend is
stronger for minimum rather than maximum temperatures (ECOWAS-SWAC/
OECD/CILSS 2008). There is large consensus that in WA one of the major climate
change impacts will be on rainfall, making it more variable and less reliable. This
will affect the onset and length of growing season, particularly in semi-arid areas
where yields from rain-fed agriculture could be reduced by up to 20–50% by 2050
(Sarr et al. 2007). Greater climate variability which incorporates the later onset,
higher temperatures and increased potential evapotranspiration will make farming
systems more highly vulnerable to climate change. Climate change will signifi-
cantly affect food production and requires immediate and ongoing adaptation
(Gornall et al. 2010). East Africa too is not free from the threats of climate change
especially on food security. According to You and Ringer (2011) extreme hydro-
logical variability and seasonality have reportedly constrained Ethiopia’s past
economic development by negatively affecting crop production—chiefly through
droughts—and by destroying roads and other infrastructure due to flooding in some
areas. They noted that as climate change unfolds, average climatic variables will
shift, and weather variability will intensify, exposing Ethiopian agriculture to higher
levels of risk and jeopardizing economic growth, food security, and poverty
reduction.

A wide range of adaptive actions can be implemented to reduce or overcome
some negative effects of climate change on agriculture. Ethiopia, another
Sub-Sahara African in East Africa, could have some lessons based on similarities it
has with Nigerian semi-arid zones and same with Nigeria too from Ethiopia.
According to You and Ringer (2011), two factors critical to assuring food security,
whether at the local or the global level, are increasing crop productivity and
increasing access to sustainable water supplies. These factors are also vital to the
economic success of agriculture, which is particularly important in Ethiopia given
that the sector accounts for about 41% of the country’s gross domestic product
(GDP), produces 80% of its exports, employs 80% of the labour force, and is a
major source of income and subsistence for the nation’s poor.

Adaptation to climate change, according to IPCC (2001) denotes adjustment in
natural or human systems in response to actual or expected climatic stimuli or their
effects, which moderates harm or exploits beneficial opportunities. Some shared
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adaptation methods in agriculture include, but not restricted to the use of new crop
varieties and livestock species that are better suited to drier conditions, irrigation,
crop diversification, adoption of mixed crop and livestock farming systems, and
changing planting dates (Deressa et al. 2008). Even though some studies such as
those cited in Deressa et al. (2008) documented some climate change adaptation
practices in some specific locations or regions, there is an ample research gap for
documentation of Climate Smart Agricultural (CSA) practices across countries with
similar agro-ecologies in Sub-Sahara Africa. The choice of Ethiopian semi-arid
region as the study area is instructive. The economic development of Ethiopia is
dependent on the performance of the agriculture sector, and the contribution of this
sector depends on how the natural resources are managed. Unfortunately in
Ethiopia, the quality and the quantity of natural resources are degrading, worsening
food insecurity in the country, due to a multitude of factors (The Environment for
Development (EfD), 2009), including climate change and variability. Temesgen
et al. (2008) study in different regions of Ethiopia found that Tigray region is
among the most vulnerable regions in the country because of higher frequencies of
drought and floods, lower access to technologies, fewer institutions dealing with
climate related hazards, and lack of infrastructures. It stressed that vulnerability to
climatic change is highly correlated with poverty and living status of farmers
determines their vulnerability to and adaptation with climatic changes. In more
specific terms not much is known about how the two most populous countries in
Africa (Ethiopia and Northern Nigeria), already enmeshed in aridity and having
similar agro-ecologies in some regions have been coping with climate change. Such
lessons can help farmers in semi-arid zones of Africa upscale or adopt better and
more efficient Climate Smart Agricultural technologies that will boost food security
in the semi-arid zones of Africa based on Nigerian and Ethiopian experiences.
Results from such studies based on comparative climate scenario modeling (be-
tween Nigerian semi-arid zone and arid zones of Ethiopia) with a view of adopting
best crop growing technologies to adapt to climate change has great potentials for
providing useful data in addressing food security issues especially in arid and
semi-arid regions of Africa facing threats of climate change and food insecurity;
hence the need for this study.

(i) Conceptual Issues

This study benefits from the concepts of farm risk theory and utility function
model as well as human crises theory (a product of socio-natural interaction) as
documented in Onoja and Achike (2014). The farm risk theory got more empirical
backings from the works of Koundori et al. (2004) who demonstrated that per-
ception of risks by farmers affect their level of adoption of technologies. Thus this
investigation is framed to enhance understanding of how societies, especially
agrarian societies may adapt to climate change, and is also informed by political
ecology, especially in the ideal of integrating environmental and societal processes
in a balanced manner following Walker (2005).
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(ii) Adaptation strategies adopted by Crop Farmers in Sub-Sahara Africa to Cope
with Negative Effects of Climate Change and Variability

In the face of increasing climate change impacts on water resources available for
agriculture in Africa, there have been several adaptation strategies adopted and also
recommended by several authorities concerned in order to build resilience and
improve productivity of crops in Africa. UNECA (2014a) for instance recom-
mended that implementation of the following adaptation strategies can help Africa
optimize the use of its available water for agriculture and other purposes. These
include, but not limited to: augmenting supply by building new reservoirs and/or
expanding use of groundwater where feasible; expanding large-scale irrigation;
promotion of efficient use of water resources through drip irrigation, water recy-
cling, and reuse; improvement of supply management, for example, by using
ground and surface water conjunctively and improving reservoir and
reservoir-system management; improvement of demand management through
promoting conservation methods; and promotion of contingency planning for
droughts and floods. Spielman (2013) noted that although cultivars and fertilizers
were by no means passé, attention could be turning to technologies that are less
discrete or harder to identify, observe, or define. Examples of such technologies
include practices as varied as integrated soil fertility management, agro-ecology,
agroforestry, systems of crop intensification, integrated pest management, minimum
tillage systems, and conservation agriculture. recommendations on planting dates,
tillage practices, plant spacing, irrigation timing, or residue disposal were, for many
farmers, controversial and counterintuitive after generations of collective experi-
ence. Charles and Rashid (2007) indicated that the use of irrigation, planting early
maturing and drought resistant crop varieties and soil and water conservation
practices were the most important strategies used by the communities in Southern
Africa to cope with climate change effects. Empirical studies by Deressa (n.d.)
observed that use of different crop varieties was the most commonly used method in
Ethiopia whereas use of irrigation was the least adaptation practiced among the
major adaptation methods identified in the Nile Basin of Ethiopia. Kalibba and
Rabele (2009) found that the most common measure adopted by the farmers is crop
rotation. Others were fallowing, construction of waterways, vegetable cover and
contour farming. Sandbag construction and interplanting was the least common
among the respondents. However, all respondents adopted at least one soil con-
servation measure in their wheat fields as a way of coping with effects of climate
change. Onyeneke and Nwajiuba (2010) found that diversification of crops planted,
soil conservation measures, changing planting dates, planting of trees, irrigation and
rainwater harvesting were the most common forms of adaptive strategies to the
harsh effects of climate change by the crop farmers in South East Nigeria. They
further noted that 40% of the farmers admitted not adopting any adaptation practice
at all.
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1.1 Objectives of the Study

The broad objective of this study is to document and compare the Climate-Smart
Agricultural practices (CSA) adopted by crop farmers in West and East African
semi-arid regions. The specific objectives of this research, therefore is to, among
other things:

(I) identify analogous sites in Nigeria and Ethiopia i.e. finding of the future
climate of (analogues) site of Mekelle in Nigeria for the purpose of studying
their climate change adaptation experiences;

(II) assess the socio-economic attributes of crop farmers in the semi-arid regions
of Ethiopia and Nigeria facing threats of climate change;

(III) ascertain the perception of crop farmers on climate change risks in the areas
(IV) identify and describe the indigenous and modern Climate Smart Agricultural

strategies/technologies applied to adapt to climate variability and change in
Ethiopian and Nigerian farms analogous to each other; and then

(V) analyze the policy implications of the findings.

The findings and outcomes of this research is intended to enhance understanding
of local political economy factors and the mechanisms behind adoption of climate
smart agriculture in the SSA especially in West Africa and Eastern Africa. The
project’s outcomes will also promote knowledge support for enhanced adoption of
CSA especially in semi-arid regions of SSA. It will equally provide information to
African research institutions and scholars seeking to better understand the proven
CSA technologies that can help increase agricultural productivity and their drivers
for the purpose of improving the economic wellbeing of the farmers and boosting
food security in the region. This study will also generate baseline data and infor-
mation to support evidence-based CSA policy, programme design and performance
monitoring in the context of the Comprehensive Africa’s Agricultural Development
Programme CAADP 10-year Results Framework (CRF) to guide and accelerate
implementation of CAADP at the country level. These are both in sync with
African Union Commission (AUC) and the AU NEPAD Planning and Coordinating
Agency (NPCA) framework aimed at Sustaining CAADP Momentum.

2 Research Methods

Study area:
The study area includes Nigerian Sahel Savanna region (particularly Potiskum

and Katsina) and Ethiopian semi-arid northern region called Tigray Province (see
Figs. 1 and 2). Potiskum is situated at latitude 11°42′ and longitude 11°02′ while
Katsina lies on latitude 13°01′ North and 07°41′ East. The Nigerian Sahelian zone is
marginal in terms of rainfall. According to Ati and Iguisi (n.d.) data shows that
rainfall of this zone has been on the decline particularly since the mid-1960s. They
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observed that rainfall data for 50 years for four stations (Samaru, Potiskum, Sokoto
and Katsina) indicated a decrease in annual rainfall in the zone from the mid-1960s
up to the mid-1990s. Recent trends, however, show increase in annual rainfall from
the mid-1990s. Rainfall in this zone, they added, is highly variable and the onset of
the rain is erratic with rainfall intensity getting very high between the months of July
and August. In the Sahel Savannah zone of Nigeria, rainfall start dates are 18 May to
24 June with cessation dates of 5–23 October; length of growing season days is 109–
156 while seasonal rainfall amount ranges from 421 to 884 mm (NIMET 2013).

Agriculture dominates the Ethiopian economy, accounting for 80% of national
employment, 41% of gross domestic product (GDP) and 33% of total exports or
70% of merchandise exports (Diao et al. 2007). More than 80% of these agricultural
output and value-added (amounting to more than a quarter and a third of national
output and value-added, respectively) is generated by subsistence farming. More
interestingly, subsistence livestock production accounts for close to 40% of agri-
cultural output and a third of value-added.

Data collection
With the aid of CCAFs (Climate Change Agriculture and Food Security) tools of

CGIAR and following Arango and Jones (2014) two analogous sites in Nigeria and

Fig. 1 The Nigerian Sahel Savanna region of Nigeria in shaded area. Source Nwanya (2013)
shaded by the authors
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Ethiopia were selected. The selection of the analogues sites was based on
BACKWARD method: The BACKWARD method answers the question “Where
can I find the future climate of, for example, Sheraro site of Ethiopia in Nigeria
today” (Arango and Jones 2014). The method is called the CCAFs Dissimilarity
measure.

The relevance of an appropriate analogies goes beyond the number of similar-
ities between a chosen past situation and a likely future, to the significance of the
similarities. Ethiopia is known for its generally high rainfall variability. The
well-known droughts of the 1970s and 80s prevailing over the whole Sahel
including large parts of Ethiopia serve as an especially useful baseline. Nigeria is
also known to have a large population of her farmers residing and producing crops
in the Sahelan region of the country.

Sampling Method
Having detected and confirmed the two analogous sites by backward approach

applying the Hallegiate model, (see Figs. 3 and 4 and Appendix 1, 2 and 3) the
researchers decided to work with the four major sites located. These include, for
the Nigerian sahelan Agro-climatic zone, Katsina and Potiskum; and for Ethiopia,
the sites include Mekelle and Sheraro in Tigray region respectively. In each
country 120 farmers from 6 communities (3 communities in Potiskum and Katsina

Fig. 2 Map of Tigray region in Ethiopia. Source Sustainable land management programme,
Ethiopia (no date)
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each for Nigeria) and 3 communities each for Sheraro and Mekelle respectively
for Ethiopian semi-arid zone. These, gave a total of 220 farmers in the entire
study.

The study would have benefitted more from use of very robust data in its
analysis especially use of time series and panel data that could have included more
countries in the two regions for the study, but this was not possible owing to
inability of the researcher to assess such data, a situation aggravated by poor record
keeping in the areas of the study and limited fund. However, these do not, in
anyway invalidate the veracity and generalizability of the findings of this research
as efforts were made by the researcher to adopt very unbiased approach to arrive at
highly representative samples of farmers in the agro-climatic zones studied. The use
of CCAFS tool to capture the most analogous sites is a very reliable way of
objectively capturing similar sites to obtain data that will address the issues of
concern to the two countries and zones in SSA. This approach is yet to be seen in
studies involving analysis of CSAs adoption. By and large, the most appropriate
methods for analyzing the data for the types of objectives pursued by the study were
applied and the findings reported in a way that policy makers can understand.

Fig. 3 Katsina backward CCAFS result (Note it indicates that Katsina in Nigeria has a similar
agro-climatic region with Sheraro based on 30 years forecast for the Ethiopian location. The
density of the shades in the identified spots confirmed the significance of their similarities. The
shaded areas are the similar areas)
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Socio-economic survey

A set of structured questionnaire was used to obtain information about the
adaptation technologies (CSAs) used, their perception of climate change threats and
the socio-economic attributes of the crop farmers in the areas. This was augmented
with focus group discussion (FGD) with key farming decision making units in the
area. The set of structured questionnaire used was validated by two experts from
Institute of Climate and Society, Mekelle University, Ethiopia. Four FGDs, each
consisting 20 participants, 10 males and 10 females, drawn from different com-
munities, were held for climate related risk identification and characterization,
identification and prioritization of adaptive mechanisms as well as of CSAs applied.
Following Mengistu (2011) we adopted tools such as hazard identification and
characterization, hazard behaviour story telling (time-line), hazard ranking matrix,
experiential stories telling on indigenous technologies and knowledge to acquire
information on farmers’ perception on climate change trends, existing hazards and
their severity. The different CSAs used as coping strategies by the community were
also identified and analyzed for their effectiveness. Effectiveness was rated as very
satisfactory, satisfactory and not satisfactory and the rating number converted to%
to assess satisfaction level.

Fig. 4 Mekelle backward CCAFS result (Note that the Figure indicates that Mekelle in Ethiopia
and Potiskum have similar agro-climatic conditions based on 30 years forecast. The density of the
shades in the identified spots confirmed the significance of their similarities. The shaded areas are
the similar areas)
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Data Analysis

The information generated were recorded using worksheets prepared for each
category of discussion while data collected on each parameter was expressed as
percent of respondents. The questionnaire items collected too from interview
schedules conducted on the respondents were analyzed and presented with the aid
of simple descriptive statistics including percentages, means, ranking techniques
and tabular analysis. Two tests of hypotheses were conducted: first, a test of mean
differences in severity of climate change risks perceived by farmers in the two
countries was performed using Analysis of Variance (ANOVA); while the test of
significance difference in the rate of adoption of the identified CSAs in the two
countries were done using t Test.

3 Results and Discussion

3.1 Identification of the Analogues Sites

The study detected and confirmed two analogous sites by using the Climate ana-
logues technique, particularly, the backward approach applying the Hallegiate
model, (see Figs. 3 and 4 and Appendix 1, 2 and 3) the researchers decided to work
with the four major sites located. These include, for the Nigerian sahelan
Agro-climatic zone, Katsina and Potiskum; and for Ethiopia, the sites include
Mekelle and Sheraro in Tigray region respectively.

The climate analogues method is a technique that compares locations based on
similarity in precipitation and temperature but it is also flexible to incorporate other
input variables such as soils, infrastructure, social and economic conditions (Arango
and Jones 2014). According to CCAFS (2014) the technique is a novel way of
supporting modeled policy recommendations with on-the-ground empirical testing.
Analogues, they noted, refer to sites or years that experience conditions with sta-
tistical similarity, primarily in terms of current or future climate, but they can also
include additional factors such as soils, crops, and socioeconomic characteristics.
This helps link top-down global models with targeted field trials or visits. In
essence, the approach locates a site whose climate today is similar to the given
future of a place of interest (i.e. where can we find today the future climate of
Nairobi, Kenya?), or vice-versa. Strategies and technologies for adapting to climate
change in particular locations should ideally be grounded in knowledge of the
future climatic conditions in those locations. Estimates hold that 70% of future
climates already exist somewhere in the world. That is where the analogues
approach comes in. Using one or more global climate models, the analogues tool
developed by CCAFS takes climate and rainfall predictions for a particular site and
searches for places with similar conditions at present. With the knowledge of what
they may face in future, farmers, researchers and policy makers can determine their
adaptation options based on real—as opposed to crystal ball-gazing—models, noted
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CCAFS. The tool is also used to track historical data to learn how communities
have adapted—or have failed to adapt—to climate change over time. Importantly, it
helps capture the real world capacity of farmers to adapt, which is too often not
taken into account in catastrophic climate models. It was suggested that users of the
tool—(available online at analogues.ciat.cgiar.org/climate) are at liberty to include
variables such as crops, soils and socio-economic indicators in their searches. The
Backward Method is one of the possible analogues which attempts to provide an
answer to the question: “Where can I find the future climate of my site today?”With
such information, Nigerian farmers, who will be where the Tigray region sites in
Ethiopia were as at 2014 would therefore be able to learn what adaptation methods
they will use in 30 years time from 2014 based on current experiences of the
semi-arid Ethiopian sites located here.

3.1.1 Socio-economic Attributes of Crop Farmers in the Semi-arid
Regions of Ethiopia and Nigeria Facing Threats of Climate
Change

Results in Table 1a, b indicate the various socio-economic settings and attributes of
the crop farmers in the study. From the result it could be noted that mean monthly
household expenditures on food varied among the two countries. While Ethiopian

Table 1 a Estimates of selected socio-economic attributes of crop farmers in the study.
b Estimated frequencies of selected socio-economic attributes of crop farmers in the study

Tigray (Semi-arid)
region Ethiopia

Nigerian Sahelian
region

Mean estimates Mean estimates

Household food expenses per month in local
currency and USD

662.5 Birr ($31.57) 10,072.95 Naira
($50.36)

Farm size 2.2 2.7

Household size 5.1 8

Age 39.1 43

Farming experience in years 18.9 12

Years of formal education 2.1 7

Frequency of agricultural extension visits 3.1 2

Location Ethiopian semi-arid region Nigerian semi-arid (Sahel)
region

Item Attributes Observed
frequency

Percentage Observed
frequency

Percentage

System of
farming

Sole cropping 9 7.5 13 10.8

Mixed cropping 6 5 22 18.3

Agroforestry/
Alley farming

12 10 11 9.2

Mixed farming 93 77.5 74 61.7

Total 120 100 120 100.0
(continued)
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households spent an estimated monthly mean figure of $31.57 on food, their
counterparts in Nigeria Sahel Savanna region spent an average of $50.36. The
discrepancy may not be unrelated to the economic conditions of the two countries.
This may not be surprising when one notes that Nigeria is the biggest economy in
Africa with an estimated GDP of about $520 billion, a far cry from Ethiopian’s
GDP ($50 billion). Moreover, Ethiopia is noted to have, since 1996, been hit by
climate change induced disasters about 15 times (FAO 2010a, b). This could have
residual impact on food security status of the country till date thus explaining the
apparent lower food security status than Nigeria recorded in this survey. FAO
(1996) corroborated this in its report which stated that apart from being chronically

Table 1 (continued)

Location Ethiopian semi-arid region Nigerian semi-arid (Sahel)
region

Item Attributes Observed
frequency

Percentage Observed
frequency

Percentage

Sex Female 15 12.5 31 25.8

Male 105 87.5 89 74.2

Total 120 100 120 100

Marital status Single 3 2.5 8 6.7

Divorced 10 8.3 4 3.3

Widowed 3 2.5 5 4.2

Separated 6 5 3 2.5

Married 98 81.7 100 83.3

Total 120 100 120 100

Major
occupation

Farming 15 12.5 55 45.8

Trading 15 12.5 13 10.8

Livestock Herding 51 42.5 43 35.8

Artisan/Labourer 15 12.5 5 4.2

Others 24 20 4 3.3

Total 120 100 120 100

Types of crops
grown

Teff 65 54 0 0.0

Wheat 46 38 7 5.8

Barley 33 28 0 0.0

Sorghum 100 83 117 97.5

Rice 0 0 0 0.0

Oats 0 0 0 0.0

Millet 88 73 112 93.3

Maize 68 57 111 92.5

Sesame 56 47 56 46.7

Others 34 28 23 19.2

Source Field Data 2015
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food insecure, and food deficit, the highland areas of Ethiopia (including Tigray)
have been hit by transitory food insecurity and that most of the food aid needs for
1997 were basically related to poverty and structural food insecurity, which in a
number of cases has been compounded by unfavourable weather conditions.
The FAO (1996) mission estimated that some 1.9 million people required some
186,000 tons of food aid until the next harvest.

Mean farm sizes recorded in the areas were 2.2 and 2.7 ha for Ethiopian and
Nigerian farms respectively. Larger farm sizes have been reported to increase the
likelihood of adapting to climate change. A recent study by Gebrehiwot and van der
Veen (2013) found that a unit increase in farm size resulted in a 3.6% increase in
the probability of using crop diversification, a 4.4% increase in the probability of
conserving soil, and a 7.4% increase in the probability of planting trees to adapt to
climate change.

They equally cited Amsalu and Graaff (2007)’s report who also found that
farmers with large farm holdings were more likely to invest in soil conservation
measures in the Ethiopian highlands.

In terms of household size, Household size Ethiopian farm households appeared
to have less number of household members (mean = 5.1) than their Nigerian
counterparts who recorded mean household sizes of 8. Household size has a mixed
impact on farmers’ adoption of agricultural technologies. While, on one hand larger
family size is expected to enable farmers to take up labour intensive adaptation
measures (Anley et al. 2007) on the other hand, Deressa et al. (2009) found that
increasing household size had no significant effect on increasing the probability of
adaptation. Hence we cannot conclude that the differences in mean household sizes
in the two regions of our study could increase their potentials for adopting CSAs.

Maddison (2006) and Onoja (2014) noted that some factors which influence
climate change adaptation strategies included age and gender of farmers, although
they were completely beyond the control of policy makers. Onoja (2014)’s study in
Nigeria indicated that extension contact, gender of the head of household, with
climate variables (temperature and rainfall levels) determined choice of adaptation
strategies in the country. We found that mean age of farmers in Ethiopia were 39.1
while Nigerian farmers were on the average 43 years however, Ethiopian farmers
recorded higher mean farming experience (18.9) than their Nigerian counterparts
(12 years). In terms of education Ethiopian farmers spent less years on formal
education (mean = 2 years) compared to their Nigerian counterparts who spent on
the average 7 years on formal education. In terms of access to agricultural extension
services, Ethiopian farmers had higher mean frequency of access (3) compared to
their Nigerian counterparts who had mean frequency of 2. In both countries males
dominated farm ownerships with Ethiopian male headed households recording
87.5% and Nigerian household head’s gender, 74.2% (Table 1b). In both countries
majority of the farmers were married (81.7% for Ethiopia and 83.3% married in
Nigeria). The most common system of farming in the two regions surveyed is
mixed farming (77.5% for Ethiopia and 61.7% for Nigeria). While many Nigerian
farmers in the Sahel zone (approximately 46%) were full-time farmers, their
counterparts in Ethiopia were involved in so many off-farm activities. Teff (54%);
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Wheat (38%) and Barley (28%) were mainly crops associated with Ethiopian
farmers but the two countries commonly grow millet, sorghum, maize and sesame
in large quantities (see Table 1a for details).

3.1.2 Perception of Crop Farmers on Climate Change Risks Affecting
Farm Crops Production

In Table 2 the levels of severity of climate change related farm risks are itemized.
The rankings were done in decreasing importance (e.g. mean rank, 1, is more

severe than 2 and so on). From the estimates it would be summarized that in
Ethiopia, the most severe 5 climate risks perceived by farmers were drought (mean
severity ranking = 2.55); market shocks (loss of Revenue and poor price) (mean
severity ranking = 3.21); and late onset of rains (mean severity ranking = 3.21). In

Table 2 Results of estimated rankings of climate change and variability risks perceived by
farmers in the two regions of the study

S.
N.

Location Tigray region
(Semi-arid) Ethiopia

Sahel region of Nigeria

Type of risk perceived Mean ranks
of severity

Rank of
severity

Mean ranks
of severity

Rank of
severity

1 Drought 2.55 1 1.72 1

2 Flood 6.46 11 14.28 15

3 Crop and animal diseases 4.04 4 8.09 7

4 Market shocks (loss of revenue and
poor price)

3.21 2 6.09 5

5 Late arrival of rains 3.21 2 4.23 3

6 Drying up of stream and small rivers
that flow all year round

6.00 9 6.73 6

7 Gradual disappearance of flood
recession cropping in riverine areas

8.00 16 11.82 12

8 Increased temperature 4.78 7 2.89 2

9 Increased pests incidence including
weeds

7.26 12 8.22 9

10 Salt water sweeping into land making
it difficult for crops’ growth

10.77 17 17.2 17

11 Erosion increase 4.07 5 8.88 10

12 Leaching/loss of soil nutrients 7.38 13 10.33 11

13 Environmental pollution 7.52 14 12.32 14

14 Reduced yield of crops harvested 5.60 8 4.32 4

15 Fire outbreak 4.57 6 8.19 8

16 Loss of some indigenous crop species 7.71 15 12.23 13

17 Hail storms and other strong winds 6.21 10 15.65 16

Source Field Survey 2015
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Nigeria, the most severe climate change related risks in order of importance are as
follows: drought (mean severity ranking = 1.72); increased temperature (mean
severity ranking = 2.89); late onset of rains (mean severity ranking = 4.23). The
above findings are in tandem with Onoja (2014)’s findings in Sahel Savannah
region of Nigeria and other research elsewhere in Africa (e.g. James et al. 2013).

It was also found from our FGD that in Ethiopia 98% of the farmers admitted
were aware of climate change impact while in Nigeria 78% agreed they were aware
of climate change impacts. This is in consonance with earlier empirical works of
Acquah-de Graft and Onumah (2011); Deressa et al. (2008) and Fosu-Mensah et al.
(2010) who noted that most of the farmers in sub-Sahara Africa are aware of the
impact of climate change, especially changes in temperature and precipitation.

The findings would not be conclusive without comparing the perceived severity
levels which we infer from the total mean scores of both groups of farmers’ mean
ranking of the felt risks.

Results in Table 3 indicated an F-ratio estimate of 0.231 (p < 0.01) thus
enabling us to reject the first null hypothesis of the study which held that there was
no significant difference in estimated pooled ranked means of severity of climate
change risks perceived by farmers in the two countries. Since we rank severity in
ascending order, the estimated pooled mean rank of the severity of climate change
related risks recorded by Ethiopia (5.84) which is lower than Nigerian estimate of
9.01 therefore implies that Ethiopian farmers had higher perception of the severity
of climate related risks posed in the study at 1% level of significance. This is not
surprising, given the level of exposure of Ethiopian farms to climate related hazards
earlier discussed in this study.

Table 3 Results of F-test (Two-sample for variances) in severity indices perceived by the two
groups of farmers (Ethiopian and Nigerian Farmers)

Mean ranks of severity Ethiopia Mean ranks of severity Nigeria

Mean 5.843 9.011

Variance 4.630 20.077

Observations 17 17

Df 16 16

F 0.231

P(F � f) one-tail 0.003

F critical one-tail 0.429

Source Field Survey 2015
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3.1.3 Climate Smart Agricultural Strategies/Technologies Adopted
to Cope with Perceived Risks of Climate Variability and Change
in Ethiopian and Nigerian Analogous Farm Sites

Crop Rotation was the most common CSA adopted in both Ethiopia and Nigerian
sites to cope with effects of climate change and variability. All the farmers (100%)
agreed to have adopted this CSA. Other common CSAs applied in both countries
include Crop residue incorporation (100% for Ethiopian farms and 75% for
Nigerian farms); agroforestry systems mixed with crops (Ethiopia, 84% and Nigeria
95%); planting of windbreaks and shelter belts is equally common in both
Ethiopian (89%) and Nigerian farms (100%). Ethiopia had 41% affirmed responses
in favour of Integrated Pest Management while in Nigeria only 13% adopted this.
The use of exclosures is more common with Ethiopian farms where 94% of them
adopted this. Contour ridging/planting is another common CSA practiced in
Ethiopia (68%) and Nigeria (96%). In Ethiopian farms other common CSAs
adopted included planting of windbreaks and shelter belts (89%); rainwater har-
vesting (54%); use of earth catchment construction (87%); contour ridging/planting
(57%); water management practices (87%), soil improving agroforestry (90%) as
well as terracing/bunding (88%). In Nigeria, the following were the most common
CSAs adopted apart from the ones earlier mentioned: cover cropping (63%);
intercropping with legumes (73%); minimum tillage (55%); earth catchment con-
struction (64%); water management practices (97%), planting of vegetative strips
(55%) and terracing/bunding construction (75%) (Table 4).

The Focus Group Discussion result indicated that in Nigerian farms, changing of
planting dates (76%) and planting of high resistant varieties (82%) were also
common CSAs adopted by the farmers in Sahel Savannah region to cope with
climate change and variability risks. On the other hand this is not so common in
Ethiopian farms as only 45 and 48% agreed to the use of these two CSAs. For
instance, Kalibba and Rabele (2009) found that the most common measure adopted
by the African farmers they studied was crop rotation. The findings are in tandem
with some earlier researchers’ who noted that African farmers have used different
CSAs in the past and present to adapt to the risks of climate change and variability
in their environment e.g. Charles and Rashid (2007), Deressa et al (2008) and
Spielman (2013).

Before concluding the research, a comparison of farmers’ adoption rate of the
listed adaptation strategies for the farmers in the two countries was done and the
result of this analysis are presented in Table 5.

From the table, it could be seen that the t-value estimated was 0.228 (p > 0.10)
and was not significant even at 10% level of significance. We therefore accept the
null hypothesis which stated that the rates of adoption of the identified CSAs in the
two countries were not significantly different from zero. In other words we are
concluding that farmers in semi-arid Ethiopian farms and their counterparts in
Semi-arid region (Sahel Savanna) of Nigeria do not significantly differ in their rates
of adoption of CSAs examined.
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Table 4 Estimated frequencies of climate smart agricultural strategies/technologies adopted to
cope with perceived risks of climate variability and change in Ethiopian and Nigerian analogous
farm sites

S. N. Type of CSA adopted by farmers Observed
frequency

Percentage Observed
frequency

Percentage

1 Crop rotation 120 100 120 100

2 Agroforestry systems mixed with
crops

101 84 114 95

3 Integrated pest management 41 34 15 13

4 Exclosures 113 94 26 22

5 Fire protection of vegetation 82 68 26 22

6 Cover cropping 42 35 76 63

7 Use of mulch and compost 18 15 21 18

8 Crop residue incorporation 120 100 90 75

9 Manuring 54 45 48 40

10 Intercropping with legumes 55 46 88 73

11 Minimum Tillage 29 24 66 55

12 Planting of windbreaks and shelter
belts

107 89 120 100

13 Rainwater harvesting 65 54 36 30

14 Earth catchment construction 104 87 77 64

15 Tied ridges 12 10 56 47

16 Contour ridging/planting 68 57 115 96

17 Formal irrigation systems 12 10 46 38

18 Water management 104 87 116 97

19 Soil improving agroforestry 108 90 35 29

20 Vegetative strips 41 34 66 55

21 Terracing/bunding 106 88 90 75

Mean rate of adoption of CSA in % 59.57 57.42

Source Field Survey 2015

Table 5 Results of t-test (Two-sample assuming unequal variances) used to test rate of adoption
of CSAs hypothesis (HO2)

Mean rate of CSA
adoption in Ethiopia

Mean rate of CSA
adoption in Nigeria

Mean 59.57 57.42

Variance 986.96 875.97

Observations 21 21

Hypothesized mean difference 0

Df 40

t Stat 0.228

P(T � t) one-tail 0.410

t critical one-tail 1.684

P(T � t) two-tail 0.821

t critical two-tail 2.021

Source Field Survey 2015
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4 Conclusion

The study had used climate analogues approach to scientifically identify two
analogous African sites in semi-arid regions experiencing climate change in order to
help farmers, stake holders and scholars share knowledge and common experiences
from documentation of CSA practices adopted in these regions which is home to
most populous two African countries. Specifically the study identified analogous
sites in Nigeria and Ethiopia for the purpose of studying their climate change
adaptation experiences; assessed the socio-economic attributes of crop farmers in
the semi-arid regions of these countries under stress and risk of climate change
(this is a rare kind of study as scientific comparisons of CSAs in these selected areas
are not existing); ascertained the perception of crop farmers on climate change risks
in the areas and then described the CSAs adopted in the two analogous sites. The
new aspect of this research is that no one (to the best knowledge of these
researchers) has ever compared the CSAs of Ethiopian semi-arid regions with
Nigerian Sahel (semi-arid regions) to inform farmers in Nigeria about possible
future adaptation strategies they will need to adopt if they must cope with risks of
climate change that will face the Nigerian sites in the next 30 years from 2014 based
on the climate analogues forecasts. The study found that the socioeconomic attri-
butes of farmers in Ethiopia and Nigerian farms varied to some extent, especially
with respect to food security index, education (on which Ethiopian farmers lagged
behind), types of crops cultivated, household size and extension contacts even
though it was found that major crops in the regions were similar (sorghum, maize,
millet and sesame). It was found that, in Ethiopia, the most severe climate risks
perceived by farmers were drought; market shocks/loss of revenue/poor price; late
onset of rains; crop and animal diseases and erosion/leaching; while in Nigeria, they
included drought; increased temperature; reduced yield of crop and market shocks/
loss of revenue/poor price). The two countries had similarities in the adoption
pattern of CSAs with the most common CSAs being crop rotation, agro-forestry,
adoption of water management techniques, terracing/bunding and contour cropping.
In Nigerian farms, while changing of planting dates (76%), diversification of crops
(71%) and planting of high resistant varieties (82%) were common CSAs adopted
by the farmers, Ethiopian farmers did not adopt these on a high scale. The
researcher found no difference in rate of adoption of CSAs in the two countries.
Based on the research outcomes the study recommends that farmers should be
assisted to build capacities in applying more reliable CSAs such as use of drought
tolerant varieties of seeds, improved water management techniques, and to have
better access to early warning information on climate; irrigation facilities and
finance by relevant institutions (NGOs, governments and farmer associations) so
that they can build resilience and improve their farm productivities. Finally success
stories of crops and CSAs such as cultivation of the ff, oats, peas and livestock
grazing in enclosures should provide a learning point for Nigerian farmers in their
bid to adapt to climate change risk by 2030.
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Challenges, Futures and Possibilities
of Land Use in Rural Areas of Cela
Municipality: Risks, Climate Change
Impacts, Adaptation and Links
to Sustainability

Bernardo Castro

Abstract The management of community rural land in Angola is aggravated by
recurrent drought cycles intensifying the risk factors that can compromise eco-
nomic, social and environmental sustainability. This work seeks to emphasize the
role of adaptation of community rural families in an environment marked by
extreme weather events that defy local economies. Data were collected through
fieldwork relying upon qualitative methods (semi-structured interviews and focus
groups). In addition, during field research, participant observation was used to
collect detailed information through informal conversations with local people and
observations of everyday life. Different strategies for coping/adapting to environ-
ment changes were also registered. The key informants were primarily comprised of
traditional leaders in the village—men, women of different ages—who generally
engage in local adaptive measures. Regional and local farming practices, families’
migrations and the conflicts over land use were studied (and assessed existing
small-scale dynamics centred on sustainability and resilience objectives). The
results indicated a significant local adaptation deficit, lack of integration of climate
change adaptation strategies in public instruments decision and a systemic and
integrated approach to the territory management.
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1 Introduction

The risks of climate change, whose causes have been attributed to anthropic
pressure, represents a challenge for rural families in Angola. These families base the
expression of their identities on their relationship with the land. Some of these rural
families, who are traditionally sedentary, find themselves forced to migrate to other
areas, leaving behind their memories and history. Exploitation and consumption of
natural resources, bereft of the principles of precaution and sustainability, coupled
with increased demand for land, in a continent that is estimated to have lost 65% of
its agricultural area since 1950, have led to the loss of character of some spaces and
in turn caused deprivation and localised conflict. The sense of uncertainty is
exacerbated by the deterioration of soil quality in many rural communities (forcing
internal migratory flow). The centuries-old adaptations to climatic events are now
insufficient.

The inconsistency of the rainy season, with particular reference to the central
regions of Angola, along with the lack of ability to respond to its impact, exposes
vulnerable families to risk, with few options to deal with extreme situations. The
risks of natural disasters due to drought or flooding, repeated and intense in many
areas, have grown in recent years, contributing to the depletion of resources and
disrupting small local economies.

Angola is a country whose economy depends, to a great extent, on climatic
factors. The country is experiencing deforestation (1600 km2 of forests due to the
burning and felling of trees for the production of paper, coal and wood), hydric
stress, erosion of soil and its loss of quality.

Angola is a country affected by poverty and inequality, all of which increase the
vulnerability of the affected communities and, at the same time, demonstrate how
complex it is to adapt and build resilience, given the lack of knowledge of the
impacts of climate change (Castro et al. 2018).

The National Plan for Adaptation to Climate Change (PNACC) points to the
changes in rainfall patterns in Angola, and in the temperature. Surface temperatures
in Angola increased by between 0.2 and 1 °C between 1970 and 2004 in the coastal
and northern regions and between 1 and 2 °C in the central and eastern regions. It is
predicted that, in the next 100 years, there will be an increase of between 3 and 4%
in the temperature of the surface of eastern Angola, with a slightly lower increase in
the coastal and northern regions (Lotz-Sisitka and Urquhart 2014).

Current projections indicate that warming, in relation to average annual tem-
perature, in accordance with expectations, will, in large areas of Africa, exceed 2 °C
by the final two decades of this century. This is based on the premise that 50% of its
population live in areas prone to drought and also face problems related to
inequality and poverty, making it difficult to implement successful adaptation
strategies.

Implementing strategies to adapt to climate change into public policy is a sig-
nificant challenge to risk management and sustainable soil use. Adaptation is seen
as, beyond mitigation, an essential instrument in the development process.
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Therefore, the incorporation of adaptation strategies into public policy is not only
an obligation under The United Nations Convention on Climate Change but also a
matter of equality and justice. The ability to adapt is determined by many factors,
including social, material and environmental conditions and governance schemes,
such as, for instance, the ability of a political system to implement adequate,
large-scale public policies (Setti et al. 2016).

This paper seeks to emphasise the role of sociocultural, historical, educational
and socio-environmental elements in order to provide solutions for the adaptation of
rural community families when dealing with an environment marked by extreme
weather conditions.

2 Background

Climate Change is a global and multi-dimensional (demographic, meteorological,
environmental and socio-environmental, economic, institutional, socio-political,
educational and technological factors) problem, namely in Africa (Collier et al.
2008). The response to climate change is fundamental achieving the Sustainable
Development Goals (SDGs) as defined in Transforming Our World—the 2030
Agenda for Sustainable Development, namely SDG Goal 13—Take urgent action
to combat climate change and its impacts.

Africa is a continent vulnerable to the impacts of climate change, due to extreme
events (both droughts and floods), infectious diseases, population growth, urbani-
sation, agricultural based economy, natural disasters and low capacity to adapt to
climate change (Boko et al. 2007; Patt et al. 2010; Mueller et al. 2011). African
countries face this global climate change challenge which threaten the political,
socio-economic (Shackleton et al. 2015) and environmental, ecological and bio-
diversity dimensions (conservation biology) (Midgley and Bond 2015).

Agriculture, forestry, agroforestry, biodiversity and ecosystem services are cli-
mate sensitive dimensions (Midgley and Bond 2015; Souza et al. 2015), together
with land availability. Inadequate land use, tenure policies and lack of improved
agricultural technology, dimensions can also contribute to the impacts of a
changing climate (Cain 2013; Carranza and Treakle 2014).

3 Land Management, the Integration of the Risk
of Climate Change in the Angolan Normative Judicial
Context, and the Action Plan for Climate Change

According to the Constitutional Law of 1975 and of the current Constitution of The
Republic of Angola, the State is the original Landowner. The first land law of
independent Angola is Law no. 21-C/92 of August 28th (from 1992) and the first
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normative instrument to establish the basis of national policy for the concession of
land rights. However, the right to own property has only been recognised in 2004
with the initiation of Law no. 9/04 of November 9th. The nature of land occupation
and use of land are not governed by instruments of land planning as per Law 3/04
of June 25th. The concession of land, under Law no. 9/04 of November 9th is
subject to the principle of seniority and is done without the approval of the joint
executive decree that establishes the price of land.

The Angolan Constitution protects and respects the property and land of rural
communities according number 2 to articles 15 and 37. This protection is carried
out by the Land Law, article 37, line e. In the article 37, incise 1, 2, 3 of the Land
Law states: «The occupation, possession and the right to use land is granted to rural
communities who inhabit and exploit them usefully and in accordance with norms.
The aforementioned recognition of rights, is done in a document issued by the
appropriate authority in accordance with the regulations of this diploma. Communal
rural land, while integrated into common law, cannot be the object of concession».
In article 3, incise 2, line b) of Presidential Decree no. 216/11 from 2011, the State
guarantees access to and use of land and also recognises legal rights and the
management of communal land with a view to promoting social and economic
justice in the field. The legislator, by enshrining article 87, also protects and values
the historical and cultural heritage in communal rural communities that represent
the history and memories of the communities. The recognition of communal lands,
defined as collective native spaces subject to property law, dates back to the
colonial period, starting in 1920. However communal rural laws remain without the
recognition mentioned in Law no. 9/04 of November 9th. According to Angolan
legal ordinance, communal rural lands are not subject to concession, as shown in
Fig. 1, which classifies land according to its legal regime and purpose.

Angola has the plan for the strategic management of risk and disaster; the
National Plan of Action and Adaptation, which is based on policies and national
and international commitments to the prevention and reduction of risk of natural
disasters, along with sustainable development, which aims to reinforce the ability to
adapt to climate change on a national level. Some of the measures included in this
plan are the creation of a National Solidarity and Assistance Fund and the creation
and development of an Integrated System of Information Management to assess risk
and disaster, the strengthening of systems to monitor and evaluate threats, and the
strengthening of land planning, including risk management criteria with an
emphasis on adaptation. However, The Angolan Constitution makes no reference,
in article 39, to the risks associated with climate change or measures related to
adaptation, limiting itself to environmental protection, the maintenance of ecolog-
ical equilibrium, the rational use of resources and the respect for the rights of future
generations.

Adaptation to climate change is approached in isolation from the rest of the
development policy instruments through the National Plan of Action and
Adaptation. In Angola, there is not sufficient information on the critical points in the
agricultural systems, nor is there a reliable database of the evaluation, impacts and
projections of climate change. However, according to the Angolan National Plan of
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Action for Adaptation, the agro-climatic analyses show a decrease in the duration of
the rainy season in some locations, with frequent episodes of prolonged droughts
during the rainy season.

Family agriculture sector is the most susceptible to the effects of climate change.
The analysis of air temperature data in Luanda reveals a rate of increase of 0.2 °C
per decade, resulting in a total cumulative increase of 1.9 °C between 1911 and
2005, and higher increases in the cold season, according to the Angolan National
Plan of Action.

The adaptation scenarios in Angola require facing the challenges of the insti-
tutionalisation of climate change as an intrinsic factor in development adopting the
climatic perspective in the production of public policies, and the scarcity of reliable
data as to the forecasts and the lack of real identification of the capacity or local
vulnerability are a reality yet to be overcome.

Fig. 1 Classification of Angolan land
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4 Study Area and Population

4.1 The Municipal Area of Cela (Waku-Kungu)

The municipal area of Cela (Waku-Kungu) is one of 12 in the South Kwanza
province, Angola (Fig. 2). It is situated in the hydrographic basin of Kwanza
between parallels 10°45′ and 11°40′ of the Southern latitude and the meridians 14°
45′ and 11° of Eastern longitude, with 5525 km2 of surface area. Its limits are
Kibala to the North, Kassongue to the South, Bailundo (Huambo) and Andulo (Bié)
to the East and Ebo and Seles to the West. The municipal population is estimated at
255,000 inhabitants. The municipal area includes the intermediate high plains with
a deforestation accelerated by anthropic factors, caused by rupture of the sills and a
period of morphogenesis, a result of increased erosion. The rainy season in the
region takes place from the end of September to April, with the highest rainfall
typically occurring in November, March and April. Between January and February,
there is a relatively dry period. The dry season (cacimbo) takes place from May and
the first fortnight of September.

Cela has an average annual temperature of 21 °C, with the highest temperatures
occurring in March, April and September. The lowest temperature occurs in June
(Diniz and Aguiar 1998). In the Cela region, relative air humidity varies throughout
the year between 70 and 80%. Cela features a savannah with primitive forest
bushes, known in the language of Cela as ‘kikala’, a natural area dominated by
typical species of Terminalia, Combretum and Erythrina. The savannah wood and
the dispersed areas of open forest have Isoberlinia, Brachystegia and Julbernardia as
their main species, according to Goes (2016) and mentioned in Diniz and Aguiar
(1998).

Fig. 2 Municipal area of Cela (Waku-Kungu) in the South Kwanza province

120 B. Castro

pcastro@ci.uc.pt



4.2 Population and Socio-economic Situation

The population is Bantu and belongs to the Ambundu ethno-linguistic group. The
traditional occupation and source of family income essentially comes from agri-
culture. Hunting and fishing are seasonal and organised, in general, by the tradi-
tional authorities. The population lives in self-built clay houses covered with grass
or in some cases zinc sheets. It is organised politically by Mbanzas (under the
jurisdiction of the traditional powers) and its ownership and management are
determined according to custom, enjoying the right to use and benefit from land in
accordance with the Angolan Constitution and founding legislation. The land is, as
a rule, the right of men. When sons reach more or less 16 years old, the age of
consent, the parents attribute or reserve a part of their land, in preparation for
married life, thereby land is inextricably linked to identity and wealth. Parents do
not give land to their daughters, as they depend on the wealth of their future
husbands. Only in cases of divorce or where a husband’s death occurs, but also in
the expectation of a future marriage, wives may have access to their parents’ land.
The wife, in this situation, will lose claim to succession rights from the first
relationship.

The majority of the population is poor, to the extent that houses are without
electricity or access to sanitation or tap water. The great majority consume water
from dew (wells built by families). The Kwanza-Sul province, where the Cela
municipality is located, the vast majority of households are not connected to the
public water system. There are a total of 39,438 people with access to water by
water tanks; 2583 by fountains; 66,965 by deep water holes; 17,976 by protected
dew; 47,491 by unprotected dew; 2, 284 have access by rainwater and 90,569 have
access to water by potholes or rivers (Censo 2014), with the highest proportion of
households having an agricultural activity as their main occupation.

The levels of educational attainment are very low, and it is estimated that there is
one doctor for every 22,000 inhabitants. Malaria is the primary cause of death in the
province, which has the highest level of orphans under the age of 16 (Censo 2014).
The solid waste is left in the open air or deposited near houses. In these commu-
nities, there is a significant lack of information, for example there are no news-
papers or local radio stations. Given the lack of electricity, it is no surprise that
some families use small generators and thereby can watch television news. The
communities are not served by local infrastructures for the support of agriculture,
there are no public transport networks, and as a result motorcycles and bicycles are
the preferred means of transport in and around these communities.

With independence in 1975, the Angolan people returned to their original lands,
but without land law recognition, as the first formal land law was not passed until
1992 (Law no. 12-C/92), with the introduction of a multi-party system. The
communities of the area do not have licenses for the lands based on existing
legislation. These communities face conflict over lands and the processes of land
management. There is no information about the number of licenses that have been
granted for different rights and corresponding areas.
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5 Methods

In this study, informed by a qualitative methodology, there is a strong emphasis on
individual and group interviews. This approach was used with individual inter-
views, taking into account the complexity and sensitivity of some of the issues
related the confidential treatment on the part of the local authorities. With a view of
creating opportunities for dialogue, participation, learning and articulation, the
group interviews served to identify concepts and to capture beliefs, perceptions,
expectations, motivations and traditional community needs.

Having defined and constructed the study model, three communities from the
administrative sector of Kachongo to the south of the municipal area of Cela, and
three to the North were selected. The rationale for selecting these communities is
based on the desire to capture different dynamics, perceptions and needs, firstly in
the rural communities of the South, adjacent to the central municipal administration,
which since the colonial administration, has experienced some attention in terms of
local investment and the establishment of health and education infrastructures.
According to the rural communities to the North of the municipal area, as it is
historically more remotely situated from governing centres and without investments
or the establishment of basic infrastructures.

From the initiation of this process up to field work, previous/various visits to
each community and a selection of relevant informants were made in order to form
groups that would be interviewed as well as agenda rectifications and meeting
points. Therefore, considering that it is appropriate for this study, eight relevant
informants were selected for each group, making up five groups for each of the
three communities. The preparatory visits showed that the topics presented were of
the greatest interest to the communities and were therefore approached as openly as
possible. The selected topics were: the use of geo-historical identities; sustainability
in the context of climate change; and risks, vulnerabilities and adaptation.

The group interviews were semi-structured, guided by the selected topics. The
interviews were applied over the course of a year from October 2015 to October
2016. The interviews were carried out in the community spaces, the Cela municipal
cinema, the government headquarters and in residences of traditional authorities
lasting a maximum duration of 1 h and 30 min. Proximity, informality and relax-
ation were points taken into account when choosing the space for interviewing, also
taking into consideration the social-political framework marked by some control of
information.

Prior to conducting the interviews, some testing sessions were organised for
community rights activists so that during the application of the questionnaires, they
would help to create a relationship of proximity and symmetrical communication
through the use of the local language and occasional clarifications on the objectives
of the study. Every interview was recorded, this being fundamental for the careful
analysis of the most frequently used words, expressions, their meanings, consis-
tency and pertinence as well as for the identification of relevant ideas.
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In addition to the groups with relevant informants, the research was also sup-
ported by guided conversations with institutional groups. One of the groups was
formed by five people from the provincial government and another one with rep-
resentatives of the traditional power of authorities from different communities in the
municipality, a total of 174 members of the Traditional Authorities Association.
A total of 68 interviews were also held with representatives of the traditional power,
as traditionally these representatives cannot reveal in public all of the community’s
secrets. Therefore, there were in total, 30 group interviews and 68 individual
interviews, involving a total of 414 people.

Both preparatory interviews with the institutional groups were as follows: Policy
and legal instruments on land management; Local resources and vulnerabilities;
Strategies or resources on adaptation and prevention or monitoring climate risk;
Database or information on land management; and Forms of information and
participation in policies and perception on climate change.

6 Results and Discussion

The results indicated that of the 30 groups interviewed and asked as to whether the
lands they occupy are either in the State’s private domain or in the customary
domain, only 2 groups believed that they are within the State’s lands, while 28
groups, representing 93%, of the sample, claimed that they are on the formally
protected lands of their ancestors, defined by the Property Constitution, as
belonging to the families in rural communities and managed according to custom.

For those families who are integrated in the customary domain, we can say that
the land represents, as can be interpreted in the following expressions and which
summarize some of the statements given by the groups interviewed, that: (a) land as
a historical repository of collective memories; (b) the land as a sign of the person’s
identity and dignity; (c) the land as a legacy between the past and future. Below, are
some passages from the interviews with the groups that reflect this reality.

«Before the Colonial administration and the existence of the Angolan State these lands
were always ours. We do not know what rights you are talking about but before laws were
made, these lands were already inheritance and a shelter from our ancestors.

During colonization our elderly died here and we were compulsively moved to the terri-
tories of other tribes.

Those children were not born here. We returned after the national independence as our
soul is here. This is where war found us and many of us died. Everything was destroyed but
even living under a tree is considered our home land.

Our houses are not our protection but the spirits of our ancestors that have left these lands.
To sell these lands is to sell the elderly that rest in peace on them, our traditions and our
history” (Member of the Kissanga-Kungo group interviewed, August 2016).
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«It is said by politicians that the land belongs to the one that works on it. Here, the land’s
purpose is not only to produce food. It is part of us and of our history. One that has no
land, has no history» (Taken from the Mbanza Mussende Group, Traditional Communities,
November 2015).

The customary domain territory has its own characteristics in which values are
formed by a set of guidelines and meanings according to its social, spatial and
historical conditions.

When the groups were questioned on whether the development of identity
relationship, which is often mistaken with the land, was always like this, 100%
replied affirmatively. However, 18 groups state that the situation is changing:

«Today our children do not value the lands that were left to us by our ancestors. For them,
the land’s history and identity is meaningless. While we visit the lands because they speak
to us and we speak to them, even without gripping a hoe, the children value more the
economic side of the lands» (Taken from the Group, Traditional Communities, 2016).

Justifying why the rupture of identity arises between the land and the new
generation, 29 groups, which represents 97% of the groups, believe it is a recent
situation, estimating that this may have occurred around 36 years ago. From the
synthesis of responses of these 29 groups, many of the children were not born here
and were not put through teachings of the “Jangos” (houses where elders share
experiences and knowledge between different generations), in addition to the fact
that the government does not appreciate nor teach in schools the historical and
cultural meaning of the lands.

In response to the question of whether the communities own land deeds, it has
been seen that both families that integrate the Customary domain (97%) and those
who claim to be on private State domain lands (3%) do not own any land deeds.
The generalised feeling is one of insecurity towards the issue of possession. The
following passage is from the oldest member of the group, who is 68 years old, and
expresses the feeling shared in all of the groups that were interviewed:

«Here we are always worried. Today, we are in one place but we never know where we will
be tomorrow (…)» (Taken from the group, Traditional Communities, 2015).

This statement agrees with the provisions of the Presidential Decree No 216/11
August, 8th (from 2011) according to which the majority of the population does not
have a safe access for using the land.

There are normative references to the appreciation and preservation of the
historical-cultural identities as noted in article 87 of the Constitution of the Republic
of Angola as well as formal rural community land protection. However, there are no
regulations embodying the land values as a collective memory repository or the
identities of the families in rural communities. The country does not have a specific
regulation on communal lands nor does a national land policy exist in Angola.
Legislation on rural regulations and on rural development has not yet been pub-
lished (to the date of this study).

In the Municipality of Cela, there is a high deficiency of information on the local
governance instruments available, for example, The Municipal Integrated
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Programme. Only 2 out of 30 groups confirm that they had heard of the Climate
Change. The remaining 28 groups claim to never had access to the document nor
were they ever given any information or had the local governance instruments made
available to them. The municipal governments are in a process of adaptation which
could have a successful outcome as they rely on local assessments and integration
of local investments, policies and regulatory framework. This will be the case for
political systems whose administration is appreciated by decentralisation and
non-establishment which is not the situation in Angola. The most relevant
expressions from the interviews on this topic from the groups was:

«They do not explain sustainability. We don’t know what that is. But according to what you
have explained today, we are aware that the lands belonged to our ancestors and we must
leave them to our children and grandchildren. But they are not the same anymore» (Taken
from the group, Traditional Communities, 2016).

Families who are integrated in the rural communal lands do not possess the
resources which allow them to work with concepts associated to sustainable
development as an instrument of control, which would be enable them to manage,
in a sustainable form, their natural resources. There is great lack of supervision and
public policies surveillance in natural resources management in Angola and the
systems of education needs to be rebuilt based on ethical valorisation towards
solidarity, equity and intra and inter-generational justice.

Sustainable land management in Angola is a matter of concern not only because
of the high risks associated with conflict that emerges from it but also because it
places many families in vulnerable situations. Families living in suburban areas,
and due to their living conditions, are exposed to risk by disorderly construction on
areas that are at risk of flooding and susceptible to land mass movements.

The impacts of climate change will exacerbate environmental risks such as
droughts, floods, extreme weather events which could contribute to food shortage,
infrastructure damages as well as natural resource degradation, which are the source
of livelihood (OCDE 2011).

The communities in the area of this study report the existence of drought and
migratory cycles which are more intense and recurrent, or the extinction of some
animal species. An elderly lady, Hepo, from the group of the northern community
of the Cela municipality stated that:

«Here, we call one the “Ixoué”. It has horns but its feet is more adapted to areas that have
less water. That whole moist area was its habitat, but everything has changed. None of
these animals exist now because the landscape was modified. Even the fish that we used to
fish in those lakes and lagoons are scarce today».

«We had no problems in fishing catfish or other types of fish. There was plenty of food. This
has changed since the Agrarian Complex of Cela was implemented, beginning to spray the
lands, by low-powered aircrafts, in order to kill the weeds. Many fertilizers and poisons
were let go in the air, later on flowing into our rivers and lakes which borders with
Nzúnzua. If we as humans die because of these poisons, it is obvious that animals do as
well. In these last years we have been struggling with the rain season. Nowadays, we have
no certainty on rain seasons dates as in the early days» (Taken from the group, Traditional
Communities, 2015).
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Information on climate changes in Angola is scarce. However, in reference to the
initial statement made by the Angolan government, Lotz-Sisitka and Urquhart
(2014) point out a well proven tendency that the rainfall pattern in the capital of
Angola, since 1941 has been irregular. Between 1941 and 1964 the tendency was to
increase, between 1964 and 1978 a rapid decrease, and the years after 1978 a
tendency to increase again.

Figure 3 illustrates the different perceptions, knowledge and practices of climate
change, pollution, the practice of crop rotation system, agriculture and climate
change, and preparation of burnt lands, sloping plots and soil analysis.

As to the perceptions and knowledge of climate changes, only one of the 30
groups assert to having information on this matter in question, through an informal
channel. On the pollution issue, only three groups out of the 30 allege having a
domain in this matter. As for the practice of using a crop rotation, there is
knowledge about its importance in four groups whereas no groups practiced a
guided agriculture by climate information.

In every community represented in the 30 groups, agriculture is practiced
without any prior soil analysis, but they did alleged to having used agrochemicals
and pesticides on land areas with a considerable slope, which resulted in chemical
fertilisers being drawn either by irrigation or by rainfall to the underground waters
and streams contaminating both water and soil. In the Kwanza-Sul province of
which the Cela municipality is part of, out of 273,094 families, 224,740 consume
untreated water in the rural areas (Censo 2014). The following excerpts were taken
from the interviews held with the different groups in the communities:

«My son, we know that the world will come to an end but to say that we are causing
problems provoking rain deficiency and for our lands not to produce, this we do not know».

«The problem is that the land has its own life and God made it that way. Now the lands are
tired and everything is dying, not even worms come up very often».

Fig. 3 What the communities know and do about the variables inscribed in the figure
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«In the early days, we had crops here and there. Today everything is tight and we’re
always in the same place. The soil has lost its warmth so we must buy fertilizers to try and
get something out of it».

«Here, where we are, we used to harvest a lot of corn but today if we don’t plant beans and
use fertilizers nothing will come up and hunger will occur». «They got hold of a great part
of the moist lands and we went back to the mountains as in colonial times. No one helps us
and they don’t talk about climate changes» (Taken from the group, Traditional
Communities, 2015).

In the Cela municipality, there are no sensitising and educational programmes on
nutrition safety in context to climate changes, nor are there any tools of orientation
for agricultural practices. However, interventions are held in terms of settlement
and the use of the soils/lands by process of occasional allotments which imposed a
segmented-spatial approach to exposing the communities to uncertainties and
conflicts of different land usage.

The communities state that they live in a situation of uncertainty and insecurity.
When they were questioned on whether what they harvest is more or less than what
they harvested 30 years ago and why this is the case, the responses of the 30 groups
was varied. A total of 24 groups (80%) of the groups claim that they harvested more
in the old days; four groups (13%) claim that they harvest more today, whereas two
groups (7%) of the groups claim to harvest more or less the same as they did
30 years ago.

Having more land, rainfall, in more or less forseen time with normal intensity, on
more or less unfertilised soil, were some of the reasons given by the 24 groups. For
the second group, today, they are able to harvest more as they use fertilisers and
tractors which they can rent. As for the last group, they were not able to present any
reasons. As to insecurities and uncertainties the 30 groups state:

«Rain does not fall during its rightful season but when it does, it either destroys the crops
due to its heavyness, or enriched with strong winds and hail. Everything is damaged».

«We haven’t got any support or anyone to protect us. We may have to leave at any time. We
have lived through some droughts and if it gets worse we don’t know who will be able to
help us with food».

«Last year was terribly cold.» (Taken from the group, Traditional Communities (2016).

According to the IPCC (2015), the related climate risks intensify other envi-
ronmental stress vectors, affecting the lives of the poor by the impacting on the
livelihood means of these people, crop reductions and/or house destruction.

Angola is in a region of Africa in which many nations have economies linked
with climate-sensitive livelihoods and are therefore considered to be highly vul-
nerable to climate change issues. In the southern region of the continent, 1.4 million
acres of forest area are lost per year, whereas between 1999 and 2008 the area of
African territory used for agriculture purposes grew 30.7%, with pasture area
having grown 8.5% (Lesolle 2012).

Vulnerability is defined as a “tendency and predisposition to be adversely
affected, their determinants being sensibility or susceptibility to danger and lack of
capacity to resist or adapt” (IPCC 2014b). In the areas under study, the observed
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vulnerability is related to a lack of response in situations of extreme events, many
due to considerable indications of poverty, lack of information and participation in
training and decision-making processes, absence of basic infrastructures to support
local initiatives, uncertainties and insecurities in terms of land ownership, a lack of
diversification of livelihoods as well as lack of dialogue and cohesion on com-
munity issues.

«Nowadays, we chiefs are not respected. Neither the communal nor the municipal
administrators respect us. Everything is State. In the villages when we ask for a task to be
done in order to protect the crops and the community, few fulfill it. They think that tradition
is a spell. This is why there are so many illnesses and deaths. The churches that came with
the colonists continue to think like the colonists. Here, my son, we’re really confused»
(Taken from the Kachongono’s Traditional Authority Group, August 2016).

In the current context, ruptures in the traditional social hierarchy and local
economic dynamics can be exacerbated due to the impacts of climate changes,
especially in the most vulnerable rural communities, which are agriculturally
dependent, under permanent state of uncertainty of land tenure, and are faced with
recurrent droughts. For example, the central-southern region of Angola has been
affected by recurrent drought and flood cycles since 2008. At the beginning of
2016, between 755 and 930 people from the southern region were affected by a
drought, with the province of Cunene being the most affected area (PDNA 2016).
Angola is located in a region which has a combination of prolonged climatic and
spatial anthropogenic actions, especially hydrologic cycles have been disturbed,
and underground water reserves are threatened by excessive exploitation and pol-
lution (Lesolle 2012). Changing traditional practices and settlings can encourage a
capacity of local adaptation.

In Angola, and in the perspective of this study, it is not the vulnerability of the
physical system itself, whose pillars of sustainability may have been altered over
time, which is the most relevant question, but that of political and social-economic
vulnerability allied to the socio-environmental dimensions. The development
template is paradoxical, meaning it is based on a dual paradigmatic structure
between rural and urban; the traditional and modern showing strong human dif-
ferences and territorial dysfunctions.

Policies defined by a lack of a strategic environmental evaluation as well as
insufficient development of accountability systems have led to unsustainable
practices of resource exploitation and land transformation (UNEP/GEO5 2012).
Conflicting laws, values and interests undermine the capacity to develop institu-
tional mechanisms that promote collaboration in management and response to
common challenges such as droughts (UNEP/GEO5 2012). On the contrary, there
are policies based on planning structures that treat the environment as a set of
independent resources rather than an aggregated system which obviously weakens
environmental management even more (UNEP/GEO5 2012).

The studied communities live in houses covered by grass or in some cases zinc
sheets, communities in which 97% do not have access to electricity. The conse-
quences of this fact are expressed by a representative of the traditional authority
power:
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«We have lived in these conditions since colonial times. Each one makes his adobes and
builds. The problem is poverty. We live on field products that do not yield anything today.
We do not have money to have town houses. Here the children have to live in the cities to
continue studying and do not want to come back because there is no life here. Neither
television nor newspapers nor money to buy radio and listen to news. At night everything
goes dark because there is no electricity» (Testimony of the Kilembo Communities Focal
Group, 2016).

In Southern Africa, around 80% of the people who do not have electricity access
live in rural areas (AFDB 2016). Essentially, in the South Kwanza province, out of
273,092 households, approximately 178,761 use oil lamps for lighting and cooking;
4639 use wood for cooking and lighting in the rural areas (97% do not have access
to electricity) (Censo 2014).

In southern Africa, energy consumption per capita is the lowest of all continents
estimating about 181 kWh per year except for South Africa (AFDB 2016).
Deprivation of access to certain goods and services such as electricity and basic
infrastructures in rural communities occur mainly due to a lack of decentralisation
and unsettlement of public services insufficient development of public goods
management. Further to this, dialogues within different types of knowledge (e.g.,
local, ecological knowledge) witnessing an increase of the State’s presence in the
areas, essentially in more distant rural and impoverished areas in Angola.
According to Lesolle (2012), the climate changes represent a serious threat to
energy safety in all of Development Community for Southern Africa (SADC).

The communities live basically on firewood for cooking and lighting or pro-
tection against the cold. However, nowadays families have to travel long distances
to get firewood. In the municipality, there is no butane gas production. The butane
gas used comes from other municipalities.

«In those days, everything was forest with many trees, medicinal plants and wild fruit.
Everything has been destroyed today. Crops were grown in the mountains and inert figures
were exploited. The mountains are bare and when it rains the water flows with heavy
pressure and is destroying houses. It has already killed many people this year. We have to
travel more than 7 km to fetch firewood. It is impossible to do anything without firewood
here. It is worthless buying butane gas here. We just sit around the fire and talk all evening.
Firewood means everything to us; it is not only for cooking. Charcoal is expensive and no
one sits by the stove» (Taken from the group, Kissanga-Kungu, May 2016).

Figure 4 shows the consumption rate on charcoal, butane gas and firewood in the
communities.

On the topic of fuel, two issues provoke interest. The first one was related to the
fact that communities in the 30 groups associated firewood usage as a cultural
element, in other words, the use of firewood is not only an economic purpose. When
firewood is used to build houses (Jangos) or in bonfires, it is a social factor. Sitting
around bonfires, the elderly pass on knowledge and past experiences to the younger
ones. In a Jango (a traditional house where the elderly of the community gather and
sit to solve problems or share experiences and knowledge) according to them «it
isn’t a Jango without a bonfire» (Taken from the group, Traditional Communities,
2016). The second issue has to do with disassociating tree destruction for various
purposes from the environmental element.
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«Rain is God’s work. It has nothing to do with the trees that are destroyed. Yes, trees help
make shadows. What you are talking about, the carbon that the trees keep, straight down to
the soil, we have never heard of» (Taken from the group, Kissanga-Kungu, May 2016).

Across Africa, aridity/desertification is expected to increase significantly, mainly
as a result of increasing temperatures, thereby increasing the rate of evapotran-
spiration of the plants, who are not able to compensate this as there is fluctuating
rainfalls (Schaeffer et al. 2013). In southern Africa, the indications of aridity
increases are up to 30% (Schaeffer et al. 2013) and the changes in precipitation
reduce agricultural production, deteriorate food safety, increase drought incidents,
and also increase the likelihood of conflicts due to water shortages (Chérif et al.
2017). It is therefore urgent that there is local adaptation to climate changes, which
is worrying in the Municipality of Cela, as in of adaptation, there are low levels of
perception on climate changes, a lack of information on local hydrology, and an
identification inability and lack of risk monitoring (Chérif et al. 2017) as well as
limited technical knowledge.

Adaptation is understood as an “adjustment platform within the human,
social-political and natural systems as a response to stimulations in present or future
effects which may limit the negative impacts and explore the positive aspects”
(OCDE 2011).

Angola has a National Adaptation Action Plan (PANA) with priorities in the
adaptation for the water, erosion and biodiversity sectors. One of the main points in
the water sector is to improve the levels of information on hydrology. Most cul-
tivated soils (highlands) have a weak structure with a low level of fertility, making
them susceptible to erosion. In Africa, the traditional water management and
associated watering techniques have frequently been ignored in the irrigation
statistics as well as in the agricultural planning (Serrano 2013). In the communities
under study, the families stated that they only used rainwater for immediate
consumption.

Fig. 4 Use of fossil fuels in communities
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«Here we use water from dew; we haven’t stored much water when it rains for the drought
periods» (Taken from the group, Kimbuata e Kaxike).

«There is hunger here when it does not rain. We live on products coming from the fields. In
those days, the elderly had other types of skills, for example, making baskets, mortars,
pestles, hoes, mattings and many other craft objects which they would trade for other
products in different regions that haven’t been affected by droughts. Today, one or another
make these craft objects but no one buys them. We had big insect plagues which would
come with the birds and destroy everything we planted. More than 50 years ago we had
other forms of survival because Nature would give us a lot. Today, everything is destroyed»
(Taken from the group, Kilembo, April, 2016).

Other priorities are related to soil/land in the sense of understanding the human
and natural factors which contribute to the risk of soil erosion in many parts of the
country.

Biodiversity is also a priority listed by PANA whose objective is to, amongst,
collect information on actual levels of biodiversity and its conservation status.
However, in the 30 groups from the communities under study, it was alleged that
they were unaware of the existence of this instrument and had no information or
training on climate changes adaptation and biodiversity conservation. Referring to
the issues of alternative sources and when the rain ruins their crops, the statements
were as follows:

«Corn cannot be watered with buckets of dew. When there is hunger or a drought in the
area, we migrate to other areas that could help feed us. We have always worked on the
land counting on the rain. In the old days, we always knew when it would rain, have heavy
winds or hail, but today, the rain just surprises us and it comes when we least expect it or
when we do expect it, it doesn’t. We do not have a food bank as back up in the
communities».

«When rain starts to be scarce, the traditional authorities perform a ritual so as to have
rain. We have people here that take the rain from us. So when it doesn’t rain, some people
are accused. We have few alternatives when there’s no rain. The ritual for rain calling
doesn’t work as well as it used to. In fact, truth be told, we didn’t use to have hunger
problems because we hunted, fished or picked mushrooms, wild fruit and roots. Nowadays,
the forests have been destroyed and we just don’t do anything. We used to live without soap
because we washed ourselves with a root that made foam and it would clean our clothes.
Without money, we have few alternatives. The shops do not accept the idea of exchanging
products coming from our land for clothes or other food as in the colonial time. Everything
is money» (Taken from the Group, Traditional Communities (2015).

For the agricultural, fishing and food production sectors, the IPCC (2014a)
itemises the development of various types of crops adapted to new carbon dioxide
levels (CO2), temperature and rain (e.g. resistant to drought periods); to implement
more efficient systems of watering; reinforce the ability of risk management of
existing crops; compensate landowners economically due to alterations on soil use;
improve financial support to low scale crops; and expand agricultural markets; and
to make available advanced technological responses (more secure storage systems
and preserving foods). As for the health, poverty, inequality and conflict sectors, the
IPCC (2014a) indicates the following aspects for adaptation; improve drinkable
water access and basic sanitation; expand vaccination and maternal and child health
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support services; increase the capacity to respond to natural disasters; establish
efficient systems of health awareness; improve education, food supplies, healthcare
services, electricity, secure housing and structural support access as well as its
qualities; develop programmes to reduce gender inequalities and other forms of
exclusion; increase the population’s access to local resources and its control; reduce
disaster risks; provide social security networks and insurance programmes; diver-
sify and provide means of income and subsistence; and improve access to tech-
nology and decision-making forums on its development and use. These measures
are brought into question as they reflect, on a large scale, the observed local
vulnerabilities.

The form of preserving seeds has also changed. In the old days, the seeds were
smoked in order to protect them from insects or they were deposited in
well-protected barns. Even so, according to local statements, they still lost out.
Nowadays, the corn or beans are deposited in well closed 200-litre containers with
corks. In the communities’ point of view, it is the most efficient form of protecting
their products. When sowing the seeds, some communities would paint them with
some plant leaves (e.g. paint the corn) and ashes so as for the partridges and other
insects not destroy them.

As for the strong winds, the communities say they had no control on stopping
them, especially as they are unpredictable, just like hail. But, occasionally a fence
around a plantation is put up on some plots of small farmland.

In the different groups, as can be read in the passages below, it is stated that
some traditional practices which had been abandoned, are starting to be restored.

«Here, we cultivate mostly corn and beans but nowadays we are restoring the cassava and
yams plantation as well as animal breeding, for example; baby goats, sheep and chickens
because time has changed. If it does not rain in the months of October, November and
December, there will be hunger and many will move to others areas» (Taken form the
Kachongono Group, April de 2016).

«We have few solutions for too much rain or no rain at all. We are taking advantage of the
plots that are up high but when it doesn’t rain, it’s a disaster. So, for those that have more
than one plantation in different places, they take advantage to plant before the rain falls in
more humid areas. In Cela’s language, these areas are called “itaka”. We can see that the
corn seeds grow rapidly and ripen in a short period of time, but it is not practical here»
(Taken from the Futa Group, August, 2016).

«We used to catch a lot of fish which we would lay out in the sun and then preserve them for
a long time. This would help us because, when there is hunger, we go other neighbour-
hoods to exchange the fish for cassava or corn. We picked kalomba or other types of insects
from the trees and we would dry them, preserving them in bags, helping us a lot during
hunger times, but the spaces are all being fenced in. We don’t know what to do today»
(Taken from the Kissanga-Kungu Group, March, 2016).

Lesolle (2012) sets adaptation in a policy framework that takes into account
contents of decision-making in the rural environment in which improvement in
commerce and investments can increase market access for a small-scale agriculture.
However, in terms of the Cela municipality, training and decision-making processes
depend on the national instruments.
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The cost of local adaptation is also a sensitive issue given the limited capacity
for local resource mobilisation in a context where, given that much of Africa lacks
infrastructures to adapt itself to climate change, most of its adaptation consists of
capital investments for adaptation (Schaeffer et al. 2013).

According to the IPCC (2014a) the effectiveness of adaptation is conditioned to
the investment made on the communities’ abilities to adapt and on affected systems
if populations were previously involved in the choosing and implementing adap-
tation responses, which is not the case of the communities in Cela. In Angola, there
are no sectoral adaptation guides which make the aims of each sector from PANA
feasible.

From this study’s perspective, the scenarios for adaptation should be structured
based on four priority aspects which the Hyogo Action 2005/2015 presents:
Political Dimension—which means the guarantee of Disaster Risk Reduction
(RRD) as a national and local priority supported by strong institutions. This is to
say that in the context of this priority, the creation of national RRD platforms
should be created and implemented among other actions; incorporation of RRD in
development and planning policies as well as the introduction of legislation for
RRD; Scientific Dimension—identified by actions such as identification, evalua-
tion, risk monitoring and optimising systems of pre-warning; Social Dimension—
which means the creation of social justice values, education, safety and resilience
culture and sharing knowledge and finally, Vulnerability Dimension—which means
a focus on the reduction of underlining risk factors.

In Cela’s case, the measures for adaptation should have in consideration not only
the local vulnerabilities but also the country’s vulnerabilities in which it is con-
fronted with:

(a) Vulnerability and resilience in local government and insufficient capacity and
efficiency of the institutions, especially in disaster risk situations; insufficiencies
in multidisciplinary land management and participation in decision-making
processes; the deficient access of public services and goods to the populations
and the inability to deal with the risks in a context of uncertainty;

(b) Socioeconomic vulnerability which means a very high level of impoverishment
of the families and rural spaces; socio-spatial segregation and agrarian conflicts
which impose occasional migrations due to increasing lack of spaces and
natural resources;

(c) Technological vulnerabilities—insufficient of identification instruments, infor-
mation and climate risk monitoring associated with climate changes;

(d) Axiology and educational vulnerability, which is identified by the low levels of
schooling, knowledge and information on climate changes, adaptation and
resilience. A lack of dialogues enhancing knowledge between experiences and
traditional knowledge as well as knowledge of current civilization is another
factor to take into consideration, ensuring that adaptation objectives mutually
reinforce each other for sustainability;

(e) Normative vulnerability is marked by a lack of instruments and disrespect to
laws on agrarian management;
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(f) Communal organization vulnerability which is revealed in fragmentation values
on agrarian and cultural conflicts; lack of local dialogues and the inexistent
community funds for solidarity; abandonment of practices of diversification of
means of local sustainability.

7 Conclusions

This study makes it evident that the climate change vulnerability in Cela, Angola, is
related to a lack of response in situations of extreme events, due to considerable
indications of poverty, lack of information and participation in training and
decision-making processes, as well as the absence of basic infrastructures to support
local initiatives.

The local fragmentation of ideals and solidarity systems has largely resulted in
the inability of traditional adaptation responses in the context of climate change due
to a lack of integration and articulations between the instruments of territorial
planning and the uncertainties and insecurities in terms of land ownership. In this
way, Angola needs an institutional and normative definition of land use and the
effectiveness and implementation of a national adaptation plan on climate change.

The environmental and climate governance must be addressed, especially in
terms of strategic and vigilante decision-making referring to the risks of climate
changes guaranteeing the local institutions’ participation and of the civil society to
decision-making and inter-sectoral coordination.
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Future Climate Change Impacts
on Malta’s Agriculture, Based
on Multi-model Results
from WCRP’s CMIP5

Charles Galdies and Kimberly Vella

Abstract Based on the World Climate Research Program’s (WCRP) predicted
changes in the magnitude and distribution of regional precipitation and temperature, this
study assesses the future viability of agriculture in the Maltese islands, which are
situated in the central Mediterranean region considered by many as a climate change
hotspot. The analysis uses the latest results from an ensemble of 11 Coupled Model
Intercomparison Project phase 5 (CMIP5) models addressing IPCC’s four
Representative Concentration Pathways (RCPs) for the years 2050 and 2070 as pro-
vided byWorldClim database. Using statistical, empirical crop- and livestock-modeling
techniques, this unique study shows that future climate change is likely to negatively
affect Malta’s natural freshwater supplies, livestock and crop survival. As a conse-
quence, the distribution of the already stressed local arable land will change, modifying
production patterns and economics. The analysis of multi-model predictions provided a
more robust evaluation of the likely impacts of physical and bioclimatic factors that are
of relevance to local agriculture. Irrespective of which RCP scenario is considered, we
find that the expected losses in productivity and food quality will be significant.

Keywords Malta � Agriculture � Climate change impacts � CMIP5
Evapotranspiration � Thermal-humidity index � Model clustering
Heat stress

1 Introduction

It is now widely accepted that increased atmospheric concentrations of greenhouse
gases (GHGs) are enhancing the earth’s natural greenhouse effect and accelerating
global warming (IPCC 2014). The impacts of global warming on important sectors
such as food security (Dawson et al. 2016), agriculture (Galdies et al. 2016) and
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water resources (Arnell and Lloyd-Hughes 2014) have become worldwide con-
cerns. Apart from the mean global temperatures increasing, it is expected that a
higher incidence of heat waves may have even more far reaching effects on crop
activity (Feller 2016).

Precise and credible climate projections are therefore required to both predict
such future climate change impacts and to design appropriate climate adaptation
action. The strong desire for such information has motivated continued improve-
ment of sophisticated Earth System Models (ESMs) and statistical downscaling
(McSweeney et al. 2014), since these are deemed as critical to capture the complex
nonlinear dynamical interconnections, long-range associations, and feedback
mechanisms that modulate the climate system. The latest generation of ESMs—the
Coupled Model Intercomparison Project Phase 5 multi-model dataset (CMIP5;
Taylor et al. 2012), reflects the most recent effort made by numerous climate
modelling groups around the world to provide climate model outputs for the latest
IPCC AR5. CMIP5 has been organized by the Working Group on Coupled
Modelling (WGCM) on behalf of WMO’s World Climate Research Program
(WCRP), and several petabytes of data have been generated. Compared to its
predecessor CMIP3, CMIP5 models have finer resolution processes, incorporate
additional physics and have well integrated ESM components together with the
inclusions of carbon cycle feedback, aerosol, atmospheric chemistry, biogeo-
chemistry and dynamic vegetation components. According to Teng et al. (2012),
the spatial resolution of CMIP5 models is better than CMIP3 models, with the
former having horizontal resolution finer than 1.3°, while in the case of CMIP3
models only a single model fell within this group.

The provision of CMIP5 multi-model data has greatly simplified research on
climate impact and adaptation and formally established the use of ensemble of
ESMs in such studies (Carter et al. 2007). Moreover, availability of multi-model
ensembles provides us with a good assessment of model uncertainty and variability
among Atmosphere-Ocean Global Climate Model (AOGCM) projections, of which
the ensemble mean shows better forecasting skill than individual AOGCMs
(Tebaldi and Knutti 2007). Before the availability of such archives, researchers had
to rely on modelling groups for the provision of specific model-derived variables,
for downscaling the output to a spatial and temporal resolution appropriate for their
impact studies, and then use this derived product to drive their impacts assessments
(Downing et al. 2001). This modeling and data processing requires considerable
expertise and computational resources and as a result such activities were quite
infrequent. As an alternative, many climate change impacts modelers and
decision-makers tended to rely on simple methods such as perturbations to his-
torical meteorology sometimes based on mean AOGCM projections (e.g. Gleick
1987), and later using only a few projections (such as Hayhoe et al. 2004). The
limited climate scenarios generated by a few AOGCMs represented a narrow range
of future climate projections and thus limited the exploration of future impacts and
adaptation studies.
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However, in spite of the significant advances made in the standardization and
delivery of simulations of the future climate, there still remains a gap between such
projections and their meaningful use by decision-makers and stakeholders (Briley
et al. 2015). There is an urgent requirement to resolve this divide especially in small
island states since numerous studies show that climate change is already playing an
important role in adversely affecting their food security (Baldacchino and Galdies
2015). The need to have effective adaptation measures aimed at increasing the
resilience on climate change has become a necessity to ensure food security by
small islands states.

The development of effective, long-term adaptation policies is thus of crucial
importance in a small island state like Malta. Malta’s agriculture policy is geared
towards maintaining productivity against exceedingly strong competition in import
crops, which has already increased marginalization of small scale farmers and
farmers growing food crops in an already fragile environment. A quick literature
search on the topic of food security in the Mediterranean islands points to the
scarcity of such studies.

1.1 Aim of This Study

A comprehensive evaluation of Malta’s climate extremes as projected by CMIP5
multi-model dataset has never been carried out in Malta. In this study we try to fill
this gap by conducting a local thorough analysis of the CMIP5 models’ projections
of the future climate, demonstrating that it is precisely in the ability to synthesise
complex information that the value of the CMIP5 multi-model dataset as a tool for
specific decision-making can be found. Recently, local researchers have focused
their efforts to study future climate change based on single regional model simu-
lations (Global Warming Focus 2016); however, the analysis of this single model
output was restricted to a physical understanding of the future climate and never
directly extrapolated to local action within any particular sector, including agri-
culture. Therefore multi-model projections of local precipitation and its related
extremes, together with temperature fluctuations and bioclimatic factors in Malta
have yet to be investigated. Thus, the main aim of this study is to utilize CMIP5
multi-model dataset to analyse in detail the available long-term climate projections
and to reflect on the relevant future risks to the Maltese agriculture. For this study
we use high resolution projections from 11 different CMIP5 AOGCMs (Taylor
et al. 2012). The use of downscaled climate projections by this study is important to
anticipate climate change impacts at the local level.
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2 Methodology

2.1 Study Area and Data Collection

The Maltese archipelago lies approximately at the centre of the Mediterranean Sea
between 36° 00′ 00″ and 35° 48′ 00″ north-south latitude and 14° 35′ 00″ and 14°
10′ 30″ east-west latitude (Fig. 1). Its agricultural sector is considered to be a vital
resource to the country’s economy and social well-being since it is seen as crucial
for the preservation of Malta’s cultural and physical landscape, with a population
431,333 people in an area of just 316 km2 (The World Bank 2018). The climate of
the Maltese islands shows an annual mean temperature of 18.6 °C, a mean
maximum of 22.3 °C and mean minimum of 14.9 °C (Galdies 2011). Such a
temperature regime, together with an annual total precipitation of 553 mm make the
islands relatively hot and dry.

The Maltese farming sector is being increasingly faced by several constraints
arising from climate change (Government of Malta 2010). Local agricultural
practices are mainly defined by the small size of the land parcels owned or farmed
by individual farmers, where the number of holdings in 2013 amounted to 12,466

Fig. 1 The Maltese archipelago with a total surface area of 316 km2 (Source ESRI)
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working a total of 11,689 hectares of Utilised Agricultural Area (UAA) (National
Statistical Office 2016). A total of 75.6% of these holdings have a UAA less than
1.0 hectare each; only 2.4% are considered large, each having a minimum of five
hectares of UAA.

The cultivation of forage crops, covering 5290 hectares (45.3%) is predominant,
followed by kitchen market produce (16%), kitchen gardens (12%), potatoes and
vineyards (both at 6%). Fallow land accounted to 8% of the total. Notable increases
between 2010 and 2013 were observed for vineyards (+11.2%), market gardens
(+14.9%), kitchen gardens (+29.8%). However, the remaining cultivation experi-
enced a decrease, namely other areas1 (−22.9%), permanent crops (−8.8%), fallow
land (−4.8%), forage (−4.7%) and potatoes (−1.7%). The negative values represent
economically important crops that are either exported, such as potatoes and fruit, or
used domestically to sustain this sector, such as forage for local cattle.

In terms of sectoral employability, a total of 19,066 persons were active farmers
during 2013. The majority (70.3%) work less than 25% of 1 AWU (Annual
Working Units). On the other hand 1372 farmers worked 1 AWU, these being
engaged full-time in the sector.

2.2 Multi-model Climate Projections Under Multiple
Climate Scenarios

Climate change projections were derived from WorldClim website (original data
retrieved from CMIP Phase 5, http://cmippcmdi.llnl.gov/cmip5). A total of 11,
downscaled and bias-corrected output of AOGCMs (Table 1) at 30-arc-second
resolution (Hijmans et al. 2005) for the four main greenhouse gas (GHG) emission
scenarios were available by WorldClim ver. 1.4 (http://worldclim.org/). These
scenarios are based on Representative Concentration Pathways (RCPs) namely,
RCP 2.6, 4.5, 6.0 and 8.5 (IPCC 2014; van Vuuren et al. 2012). RCP 8.5 is a
high-end emissions scenario where, by 2100, anthropogenic forcing reaches 8.
5 W m−2 and atmospheric CO2-equivalent concentrations are � 1370 ppm, while
RCP 2.6 reflects a peak forcing of 3.1 W m−2 (*490 ppm CO2-equivalent) before
it returns to 2.6 W m−2 by 2100. In order to reach RCP 2.6, ambitious GHG
emissions reductions would be required over time. Multi-model (n = 11) projec-
tions for the Maltese islands were extracted and analysed separately for two tem-
poral frameworks representing the twenty-first century: 2050 (averaged over the
period 2041–2060) and 2070 (averaged over the period 2061–2080).

1This sector includes area occupied by greenhouses, flowers and ornamental plants grown in the
open.
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2.3 Multi-model Analysis

Multi-model analysis was carried out to quantify the projected variability of the
monthly and annual mean anomaly of ambient minimum temperature (Tn), maxi-
mum temperature (Tx) and precipitation (Pr) under all RCP scenarios for the
Maltese Islands and their anomaly from the current climate norm WMO reference
period of 1961–1990; (Galdies 2011). Thus time evolution of changes in the
simulated indices spans the period 1961–2070. This analysis was done by (1) sta-
tistically analyzing the spread of the modelled output projections with time, and
(2) multivariate analysis using hierarchical clustering was carried out to identify
statistically correlated projections into distinct clusters (Knutti et al. 2013;
Ahmadalipour et al. 2015). The resulting agglomerate clustering provided a mea-
sure of the similarity of multi-model behavior. Climate models with statistically
similar monthly projections were clustered together, whereas models obtaining
uncorrelated mean monthly values were grouped into different clusters (Tan et al.
2006; Norušis 2011). The distinctiveness of the main clusters resulting from the 11
models was statistically tested and confirmed using an independent sample t-test at
0.05 criterion (Kim 2015).

Table 1 List of AOGCMs models used by this study

Climate model Code Source

BCC-CSM1-1 BC Beijing Climate Center, China Meteorological
Administration

CCSM4 CC National Center for Atmosphere Research (NCAR)

GISS-E2-R GS NASA Goddard Institute for Space Studies (NASA GISS)

HadGEM2-AO HD Met Office Hadley Centre (UK MetOffice)

HadGEM2-ES HE Met Office Hadley Centre (UK MetOffice)

IPSL-CM5A-LR IP Institute Pierre-Simon Laplace (France)

MIROC5 MC Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University
of Tokyo), and National Institute for Environmental Studies

MRI-CGCM3 MG Meteorological Research Institute

MIROC-ESM-CHEM MI Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University
of Tokyo), and National Institute for Environmental Studies

MIROC-ESM MR Japan Agency for Marine-Earth Science and Technology,
Atmosphere and Ocean Research Institute (The University
of Tokyo), and National Institute for Environmental Studies

NorESM1-M NO Norwegian-Climate Centre
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2.4 Climate Change Impact

Twelve bioclimatic variables were selected as determinants of the likely future
climate projection on local agriculture (Table 2). Bioclimate variables describe
seasonal conditions and climate extremes and therefore are considered to be more
directly relevant to agriculture than would be monthly climate variables (Watling
et al. 2012; Galdies 2015), and therefore assessments constructed from bioclimatic
variables should perform better in our case. The De Martonne Aridity Index (AIM)
(De Martonne 1926) was calculated to summarise the degree of the current and
projected aridity (Maliva and Missimer 2012). The algorithm used for AIM is
appropriate for the climate conditions of the Maltese islands; and ranges as follows:
Arid 0–10; Semi-arid 10–20; Moderately arid 20–24; Semi-humid 24–28; Humid
28–35; Very humid 35–55; Extremely humid >55.

The current and projected local Reference Evapotranspiration (ETo) were cal-
culated using meteorological data and the FAO Penman-Monteith equation
according to FAO standards (ETo calculator ver. 3; http://www.fao.org/land-water/
databases-and-software/eto-calculator/en/). Input variables included ambient max-
imum temperature (code 101), minimum temperature (code 103), mean relative
humidity (code 202), vapour pressure (code 221), wind speed (code 303), daily
sunshine duration (code 401), and solar radiation (code 421; source: Scerri 1982).

Table 2 Twelve bioclimatic variables used in this study to model present and future impact on
local agriculture for 2050 and 2070 (Sources Galdies 2011, WorldClim ver 1.4)

Variable Source

Annual mean temperature (BIO1) This work

Max temperature of warmest
month (BIO5)

This work

Min temperature of coldest month
(BIO6)

This work

Temperature annual range (BIO7) This work

Mean temperature of wettest
quarter (BIO8)

This work

Mean temperature of driest
quarter (BIO9)

This work

Annual precipitation (BIO12) This work

Precipitation of wettest month
(BIO13)

This work

Precipitation of driest month
(BIO14)

This work

Precipitation of wettest quarter
(BIO16)

This work

De Mortonne aridity index (AIM) Maliva and Missimer (2012)

Evapotranspiration (ETo) FAO (2009)

Temperature-humidity index
(THI)

Lajinian et al. (1997), Schoen (2005), Mader et al.
(2006), Yousef (1985)
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A selection of different Temperature-Humidity Index (THI) algorithms with
different weightings of temperature and humidity (Bohmanova et al. 2007) were
used (Table 3) to describe the combined effects of ambient temperature and
humidity associated with the baseline (1951–2010) and projected (2050 and 2070)
levels of thermal discomfort on livestock. THI, which is a thermal discomfort index
for cattle, ranges as follows: <68: no discomfort; 68 � THI � 72: mild discom-
fort; 72 � THI � 75: discomfort; 75 � THI � 79: alert; 79 � THI � 84:
danger; THI � 84: emergency (Cervigni et al. 2013).

3 Results and Discussion

3.1 Projected Climate Trends and Multi-model Variability

Figure 2a–f shows examples of the three projected climatic variables for the least
and worst RCP for 2050 and 2070, compared to the Malta’s current standard
climate (1961–1990). The spread of the multi-model output is evident and the
nature of the profile trajectories are determined by their respective RCP; for RCP
2.6, a strong increase is seen at first in both Tn and Tx, after which they more or less
stabilize by 2070.

We note that the various projections show multi-model variability in the
expected changes. For RCP 2.6 the projected Tx varies from +0.6 °C
(MG) to +2.4 °C (MI) in 2050, and from +0.82 °C (GS) to +2.6 °C (MI) in 2070;
for Tn from +0.4 °C (MG) to +2.2 °C (MI) in 2050, and from +0.7 °C (GS) to
+2.4 °C (MI) in 2070; for Pr changes from −132 mm (IP) to +25.5 mm (MG) in
2050, to −109.6 mm (IP) to +25.2 mm (HD) in 2070. A similar degree of
multi-model variability is shown under RCP 8.5, with higher overall temperatures

Table 3 Different THI equations with different weightings of temperature and humidity used to
describe the combined effects of air temperature and humidity associated with the current and
projected levels of thermal stress on livestock

Code Algorithm Source

THI1 (TF − (0.55 − (0.55*(RH/100)))*(TF − 58))
TF is the mean air temperature in degrees Fahrenheit; RH is the
relative humidity in %

Lajinian et al.
(1997)

THI2 TF − 0.9971e0.02086* TF (1 − e0.0445*(Td − 57.2))
TF is the mean air temperature in degrees Fahrenheit; RH is the
relative humidity in %; Td is the dew point temperature

Schoen (2005)

THI3 (0.8*TC) + (RH*0.001*(TC − 14.4) + 46.4)
TC is the ambient air temperature in degrees Celsius; RH is the
relative humidity in %

Mader et al.
(2006)

THI4 TC + (0.36*TdC) + 41.2
TC is the ambient air temperature in degrees Celsius; Td is the
dewpoint temperature

Yousef (1985)
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Fig. 2 a–f. Examples of multi-model projections of Tx, Tn and Pr by the 11 CMIP5 models for
2050 and 2070 under RCPs 2.6 and 8.5. The Y-scale has not been normalised in order to clearly
portray the labeled profiles separately
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that continue to rise in 2070 due to projected increased emissions of GHG. For the
Maltese islands, this climatic change will bring an overall drop in precipitation,
which is much more conspicuous under the RCP 8.5 scenario. Generally speaking
and putting the inter-model variability aside, all of the 11 CMIP5 AOGCMs are
responding in the same manner by 2050 as far as Tn and Tx are concerned; this is
also the case for their performance in the projection of Pr with the only exception of
HD and MG (RCP 2.6; 2050).

Knutti et al. (2010) attribute such variability to limited theoretical understanding,
and choice of both model parameters and structure. One way to constrain this
uncertainty is to consider multi-model results, and our approach provides a sort of
sensitivity test to models’ parameterization and structural choices. This approach
provides more reliable information than a single model, and we can therefore put
higher confidence on results that are common to an ensemble. A more detailed
study of the demonstrated multi-model variability is therefore required (see below)
so as to assist decision makers to be able to choose a more accurate projection on
the basis of this inconsistency.

Figure 3a−c shows examples of the multi-model monthly projections for Tn, Tx
and Pr for 2050 under RCP 2.6, illustrating the strong inter-variability of the
projections for the Maltese islands. As far as local precipitation is concerned, the
most significant and important local variability is related to the important autumnal
contribution of freshwater to the local agricultural sector, especially during
October-November (Galdies 2011). This variability is also being captured by the
multi-model projections for autumn, and the level of multi-model uncertainty is
consistent under the other RCPs, but is highest under RCP 8.5 for 2070. This
projected variability and uncertainty must be taken into account by local impact
modelers and decision-makers.

3.2 Hierarchical Clustering of Multi-model Output

Hierarchical clustering led to a two-cluster solution for the multi-model output of
the mean monthly projections of Tn, Tx and Pr for 2050 and 2070. Table 4 displays
the mean projections for 2050 and 2070 for the two set of model clusters. The most
important result here is the commonality seen in the cluster members for Tn and Tx,
meaning that decision makers and farm managers can select those model outputs
that consistently show the least variation, such as for example BC and CC (cluster 1
members) and MC and MR (cluster 2 members). An interesting result is that shown
by the conflicting Hadley Centre models (HD and HE) which statistically lie within
separate clusters depending on the RCP type. This occurrence is presently being
flagged since in its The Third, Fourth, Fifth and Sixth National Communication to
UNFCCC (Government of Malta 2014), the Maltese Government bases its analysis
and climate projections given by the Hadley CMIP5 models, without any reference
to its variability and performance under the various RCPs. For 2070, HE seems to
be consistently grouped within cluster 2, and so this problem seems to be resolvable
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Fig. 3 a–c. Examples of multi-model projections for 2050 of the monthly Tn, Tx and Pr anomaly
under RCP 2.5
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Table 4 Details of the mean projections and model cluster members (p-value < 0.05 level of
significance) for 2050 and 2070 for the Tn, Tx, and Pr and their respective cluster members under
the four RCPs

Tn, yearly anomaly: 2050

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5

Cluster 1
(members)

+1.06 (BC, CC,
GS, MG, NO)

+1.55 (BC, CC,
GS, HD, MG,
NO)

+2.08 (BC, HE,
IP, MC, MI,
MR)

+1.95 (BC, CC,
GS, HD, MG,
NO)

Cluster 2
(members)

+2.09 (HD, HE,
IP, MC, MI,
MR)

+2.27 (HE, IP,
MC, MI, MR)

+1.36 (CC, GS,
HD, MG, NO)

+2.87 (HE, IP,
MC, MI, MR)

Tx, yearly anomaly: 2050

Cluster 1
(members)

+0.90 (BC, CC,
GS, MG, NO)

+1.43 (BC, CC,
GS, HD, HE,
MG, NO)

+1.89 (BC, HE,
IP, MC, MI,
MR)

+1.76 (BC, CC,
GS, HD, MG,
NO)

Cluster 2
(members)

+1.89 (HD, HE,
IP, MC, MI,
MR)

+2.14 (IP, MC,
MI, MR)

+1.18 (CC, GS,
HD, MG, NO)

+2.71 (HE, IP,
MC, MI, MR)

Pr, yearly anomaly: 2050

Cluster 1
(members)

−49.65 (BC,
CC, GS, HD,
HE, IP, MC,
MR, NO)

−72.47 (BC,
CC, GS, HD,
HE, IP, MC,
MR, NO)

−58.81 (BC,
CC, GS, HD,
HE, MC, MG,
NO)

−64.86 (BC, CC,
GS, HD, HE,
MC, MG, MR,
NO)

Cluster 2
(members)

−20.4 (MG, MI) −99.3 (MG, MI) −118.23 (IP,
MI, MR)

−153.0 (IP, MI)

Tn, yearly anomaly: 2070

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5

Cluster 1
(members)

+1.26 (BC, CC,
GS, HD, MG,
NO)

+1.72 (BC, CC,
GS, MG, NO)

+1.84 (BC,
CC, GS, HD,
MG, NO)

+2.08 (BC, CC,
GS, HD, MC,
MG, NO)

Cluster 2
(members)

+2.20 (HE, IP,
MC, MI, MR)

+2.77 (HD, HE,
IP, MC, MI, MR)

+2.83 (HE, IP,
MC, MI, MR)

+4.15 (HE, IP,
MI, MR)

Tx, yearly anomaly: 2070

Cluster 1
(members)

+1.17 (BC, CC,
GS, HD, IP,
MG, NO)

+1.53 (BC, CC,
GS, MG, NO)

+1.67 (BC,
CC, GS, HD,
MG, NO)

+2.64 (BC, CC,
GS, HD, MG,
NO)

Cluster 2
(members)

+2.04 (HE,
MC, MI, MR)

+2.67 (HD, HE,
IP, MC, MI, MR)

+2.64 (HE, IP,
MC, MI, MR)

+3.86 (HE, IP,
MC, MI, MR)

Pr, yearly anomaly: 2070

Cluster 1
(members)

−71.19 (BC,
GS, IP, NO)

−14.73 (BC, HD) −34.27 (BC,
HD, HE, MG)

−149.11 (BC,
CC, GS, IP, MC,
MG, MR, NO)

Cluster 2
(members)

−33.49 (CC,
HD, HE, MC,
MG, MI, MR)

−99.9 (CC, GS,
HE, IP, MC, MI,
MG, MR, NO)

−105.06 (CC,
GS, IP, MC,
MI, MR, NO)

−41.33 (HD, HE,
MI)
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for the 2070 projections. Model clustering for Pr seems to be less problematic; here
BC (cluster 1 member) and MI (cluster 2 member) can be considered as repre-
sentative CMIP5 models that encompass the overall variability identified for Pr.

3.3 Projected Aridity

Unlike droughts, aridity is a long-term climatic phenomenon. A good number of
aridity indices are available; however they do not have much relevance from a
water management perspective. However, such indices can be significant to track
the effects of climate change on local water resources. The projected AIm trend for
the Maltese islands shows a drastic decrease under all four RCPs for both 2050 and
2070 (Fig. 4a). By 2070, the increased temperature will lead to a higher stress on
freshwater resources, especially by agriculture. The rate of evapotranspiration is
expected to increase in view of the increased positive trend of BIO8 for 2050 and
2070, compared to present levels (Fig. 4b). This is because aridity is affected by the
temperature and the annual timing of precipitation in areas with a sufficiently high
temperature for plant growth, since less water is lost directly by evapotranspiration
during cold seasons (Walton 1969).

3.4 Projected Evapotranspiration

The reference evapotranspiration (ETo) referred to in this study is used to determine
the actual water use rate for various crops, and therefore is crucial for effective
irrigation management. This is because the actual crop water use can be determined
by multiplying ETo with crop-specific coefficients (Kc) in accordance with the

(a) Current and projected De Martonne 
Aridity Index (AIM).

(b) The trend of the mean temperature of the 
wettest quarter (BIO8).

Fig. 4 a Increased aridity trend on the basis of CMIP5 model projections compared to present
conditions, and b current and future trend of the mean temperature of the wettest quarter, both
under the four RCPs for 2050 and 2070
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crop’s various growth stages. No published monthly evapotranspiration profiles
exist for Malta, making the present study even more relevant. Here we preferred to
calculate a local monthly average rather than taking a long-term average so as to
better understand the current and future seasonal variation. At the same time, the
daily ETo value may deviate from these monthly climatological values, especially
during extreme weather conditions (Galdies et al. 2016). Ideally, a measured or
locally estimated ETo value should be used. The present values may however be
feasible for design or comparative purposes, and certainly for comparative climate
change impacts on freshwater resources and irrigation rates.

Present results show that ETo is low early in the year and gradually increases
through spring and into summer, then again decreases gradually toward the end of
the year (Fig. 4). The 1961–1990 ETo ranges from 1.2 mm day−1 in winter to
4.9 mm day−1 in July. This range is slightly higher for the latest climate reference
period of 1981–2000 (January: 1.3 mm day−1; June–July: 5.1 mm day−1). It is
important to note that the local average climatological Relative Humidity for
January is as high as 80%. The current range of ETo compares well with that
measured independently for the nearby Italian island of Pantelleria of 1.7–
5.0 mm day−1 (Liuzzo et al. 2016).

Figure 5 also shows how ETo is projected to increase by 2050 and 2070 under
the worst case scenario of RCP 8.5. In this example, the average values derived
from cluster 2 CMIP5 models have been considered in order to increase the
accuracy of the calculated projected ETo. These results point towards a substantial
increase of the ETo for all months, especially from May till December, attributed to
projected warmer monthly Tn and Tx (see Table 4).

A detailed analysis of monthly ETo trends (Fig. 6a–d) for 2050 under the four
RCPs indicate an increasing anomaly from the least to the worst pathway for both
model clusters, but especially for cluster 2. This can be explained by the projected
higher Tn and Tx projected by this cluster (see Table 4) which ultimately leads to
higher evapotranspiration rates. Results also show that the projected scenario for
2070 under the four RCPs is much worse than for 2050 in view of the expected

Fig. 5 Current and projected monthly average for ETo for the Maltese islands on the basis of the
average CMIP5 multi-model output of cluster 2 members
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increased levels of GHG concentrations in the atmosphere by then. For instance,
results show that in October 2070, the projected ETo by cluster 2 under RCP 6.0
will be +0.6 mm day−1, which is equivalent to an increased loss of 6 m3 of water
per hectare per day (FAO 2017).

3.5 Projected Heat Stress

Figures 7 and 8 show the current and projected THI for the local livestock. Current
climatic conditions are already subjecting local livestock to a significant level of
‘discomfort’(June–October) and ‘alertness’(July–September) as per threshold levels
published by Cervigni et al (2013). These stressful periods to local livestock are due
to either current elevated levels of ambient temperature and humidity, or both
occurring at the same time. A cumulative effect of heat stress on cattle has also been
studied (Mader et al. 2006), which comes into effect when nighttime temperature
stays above 21 °C. The increased nighttime temperature does not allow the animal
to shed the heat from the day before and three days in a row of high temperatures
can be dangerous for ruminants. This is often the local case, especially during the
summer period. To counteract such heat stress, local livestock farmers resort to
technical solutions to reduce such discomfort (Galdies et al. 2016), especially
during summer alertness.

(a)

(b)

(c)

(d)

Fig. 6 a–d. Projected ETo trends for 2050 under the four RCPs

Future Climate Change Impacts on Malta’s Agriculture … 151

pcastro@ci.uc.pt



It is important to note that the THI does not incorporate the effects of solar
radiation or wind speed and therefore is a cruder index than more advanced ones
that do include these inputs (Galdies et al. 2016). However, the use of the THI
should pose no significant local uncertainties since local livestock are housed within
large, well-ventilated covered sheds.

Malta’s projected THI for 2050 and 2070 under the four RCPs is shown in
Fig. 8. Only the temporal trends of THI1 and THI4 have been included for clarity.
Results show that in contrast to RCP 2.6, the increased THI to ‘dangerous’ levels
for both 2050 and 2070 under the remaining RCPs is statistically evident. In 2070,
both THI1 and THI4 project an ‘emergency’ level under RCP 8.5.

Fig. 7 THI1-4 levels for the period 1951–2010 based on various THI algorithms (see Table 4)

THI values:
Conditions for 
livestock

75≤THI≤79: 
Alert

79≤THI≤84: 
Danger 

THI≥84: 
Emergency

Fig. 8 Projected THI 1 and 4 levels for 2050 and 2070, under the four RCPs
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3.6 Projected Water Requirements

This study shows that the future water requirements by a number of locally
important crops (such as potatoes, beans, onion, strawberry, fodder, marrow etc.,)
are projected to increase in view of the increased ETo and ETc for the years to
come. Results specifically show an overall decrease in rainfall during the wettest
quarter (BIO16) for 2050 and 2070, which when coupled to increasing evapo-
transpiration trends, will naturally lead to an increased demand for irrigation for
important cash crops, especially potatoes. Given that Malta has a semi-arid climate
with an aridity index expected to fall by 50% by 2070, the archipelago is expected
to encounter a considerable water deficit especially during the growth period of
important crop types, and this deficit is set to become exacerbated at least until
2100.

For example, projected shifts in BIO5 (Max Temperature of Warmest Month)
and BIO6 (Min Temperature of Coldest Month) suggest that Maltese winters
(summers) will become increasingly milder (hotter) as the century progresses. By
2070, the percentage change in BIO6is expected to be very similar to that shown by
BIO5 both by approximately 3 °C from present values, with a slightly higher rate
shown by BIO5. It is interesting to note that the positive trend in the annual mean
minimum temperature for the period 1951–2010 has been so far higher than that for
the annual mean maximum temperature for the same period (Galdies 2011).

This study shows that Malta’s projected temperature and rainfall are expected to
significantly change and become more extreme by the end of 21st century. Higher
temperatures and less and variable rainfall tend to increase water demand per unit of
irrigated area. Now, most of Malta’s main arable land (*7604 ha, or 68%) is
entirely reliant on rainfall, while the rest (*3653 ha, or 32%) is currently estimated
to use an unsustainable amount of 28,176,000 m3 yr−1 (NSO 2012). The projected
decrease in the future precipitation (Fig. 2e–f) will negatively impact this sector in
the near future, making it even less competitive than it is now. Unfortunately, no
estimates of water consumption by indoor livestock units are locally available.

According to our projected bioclimatic and evapotranspiration estimations for
2070 under a realistic RCP 6.0 (intermediate GHG emissions), Malta’s arable land
would need at least an additional 6 m3 of water ha−1 day−1 to make up for the
expected increased water loss. A 2010 Census of Agriculture revealed that the total
volume of water used for irrigation in the Maltese islands is 28,176,000 m3 yr−1

applied to at least 3653 ha of irrigated arable land (equivalent to 7713 m3 ha−1

yr−1). By 2070, we estimate that this amount has to be augmented by an additional
2190 m3 ha−1 yr−1, equivalent to 7.9 million m3 of freshwater per annum. The
already existent scarcity of surface water supply through reservoirs and ground
water is likely to spatially limit the future potential for irrigation, which has critical
implications for future crop production.
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4 Conclusions

This study analyses and interprets the results generated by the latest suite of
AOGCMs. It provides important information useful to researchers, policy-makers,
managers and stakeholders whose task is to understand and adapt to climate change
and its impacts in Malta. It is hoped that this original and thorough assessment will
improve our understanding of plausible local climate futures as far as Malta’s
agriculture sector is concerned. It is important that the new scenarios highlighted by
this study are communicated to local agronomists and policy makers.

In our opinion, the way forward for Malta’s agriculture is to align itself to a
future reality of increased aridity. For example, policy makers must start a plan that
addresses a resolute, long-term and adaptive water management by (1) introducing
a gradual water pricing, (2) demanding a highly efficient (at least 80%) irrigation
method/s, such as by precision irrigation, (3) focusing on the cultivation of high
value crops, and the (4) utilization of treated wastewater.

By translating the significance of CMIP5 multi-model results into tangible and
measurable scenarios, we hope that national authorities will be in a better position
to understand the importance of modulating climate-driven risks and further refine
the adaptive capacity and resilience of Malta’s agricultural sector.
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The Urgent Need for Enhancing
Forest Ecosystem Resilience Under
the Anticipated Climate Portfolio Over
Kerala Under RCP 4.5 and Its Possible
Implications on Forests

Praveen Dhanya and Andimuthu Ramachandran

Abstract Regional changes in climate have been observed in many parts of the
world posing significant risk to all kinds of ecosystem and livelihood especially in
climate sensitive sectors. This study was carried out to understand the plausible
future changes that may occur to the biologically rich forested areas of kerala, using
a regional climate model (RCMs)-RegCM4 by downscaling HadGEM-ES global
climate model outputs at 25 km resolution. The downscaled data obtained from the
RCMs were used to project the day time and night time temperature of Kerala under
Representative Concentration Pathway (RCP) 4.5. The weather variables viz.,
maximum temperature, minimum temperature were extracted and projected for
three time slices namely 2010–2040, 2040–2070 and 2070–2100 based on the
reference period 1971–2000. The maximum and minimum temperature is projected
to rise 2.79 and 2.59 °C at the end of 21st century in the forested areas of Kerala.
The rise in day time warming was seen to be between 1.6 and 2 °C during mid-
century and ranges 2.1 and 2.6 °C in the end of 21st century. The likely rise in night
time warming was seen to be between 1.5 and 1.9 °C during mid century and 2.1 °
C and 2.5 °C in the end of 21st century. Periyar Tiger Reserves, Silent Valley,
Wayanad areas are projected to experience the severe warming in future in the
range of 2.7 °C. The projected night time warming was in the range of 0.8 °C in the
western coastal districts and 1.04 °C in the hilly areas during the near century
(2010–2040) period. Comparatively higher levels of warming was observed in the
Wayanad Palakkad and Malappuram districts. The possible impacts may threaten
the forest biodiversity. As the simulation results indicates significant warming
under even under mid emission trajectory RCP 4.5, further enhanced research is
required to understand how different predominant endemic species behave under
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the drastic or slow alterations in the climate and growing conditions in future. This
study also attempted to evaluate the existing adaptive conservation plans in the
forest sector in the state and the need for strengthening its resilience.

Keywords Climate change � Climate variability � Forest � Forest ecosystem
projections � RegCM � CMIP5

1 Introduction

The scientific reports have indicated that climate change is likely to pose definite
challenges on most of the economic sectors in India that are driven by climate such
as water resources, agriculture and allied services, biodiversity and forests (IPCC
2013a, b). The accelerated warming of 0.78 °C for the last one decade can be
mainly attributed to the human induced greenhouse gas emissions over the past and
is anticipated to contribute more in the future (IPCC 2012). Globally, forests cover
4 billion hectares (ha) of land, or 30% of the earth’s land surface (FAO 2005b).
Based on a range of vegetation modeling studies, IPCC reports (IPCC 2007a, b, c)
suggests potential forest dieback towards the end of this century and beyond,
especially in tropics, boreal and mountain areas (IPCC 2007a, b).

Climate change is widely viewed as the single greatest threat to both humans and
natural systems in the next century. Accordingly, an increasing proportion of
ecological, environmental, and conservation research is aimed at understanding
how climate shapes our biosphere, and how changes in climate will affect the
distribution and persistence of biodiversity on the planet in the future (Chaturvedi
et al. 2012a, b; IPCC 2013a, b). Climate change introduces considerable uncertainty
into forest management planning and outcomes, potentially undermining efforts at
achieving sustainable practices (Gopalakrishnan et al. 2010). The future projections
are considered as the preliminary step forward in any climate change impact
assessment (Chaturvedi et al. and Kumar et al. 2011).

Rao et al. (2009) have stated that there was an increase in maximum temperature
over Kerala by 0.64 °C during the period of 49 years, commencing from 1956 to
2004 while the increase in minimum temperature was 0.23 °C. Overall increase in
annual average temperature over Kerala was 0.44 °C. He also stated that the
increase in annual mean temperature, maximum temperature and minimum tem-
perature were 0.49, 0.76 and 0.22 °C over a period of 103 years (1901–2003)
respectively. The increase in annual temperature over the country was 0.54 °C

Kerala’s dense populations, higher dependence on monsoon large coast line and
limited land resources make the state one of the most vulnerable to climate change.
State has the third highest population density in India. (Kerala: 819, India: 324).
Drought like situations creates acute food and livelihood insecurity which leads to
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import of food grains and poverty. Land hunger in the state for housing and lively
hood leads to encroachment of forests and low lying wetlands. The State has rich
biodiversity and tropical rain forests and is spread in 13 agro-ecological zones
under the humid tropics. Biodiversity refers to all species of plants, animals and
micro-organisms existing and interacting within an ecosystem (Vandermeer and
Perfecto 1997). Kerala forest fall in two biogeographic provinces, viz Western
Ghats and the Western Coast, and are rich in biodiversity and vital for environ-
mental protection and considered to be a repository of rare and endangered flora and
fauna (McCarty et al. 2009). However, Climate change/variability and deforestation
over a period of years have changed the typical agro-ecosystems moreover, many of
the rural poor in Kerala are dependent on the forests and wetlands for their
livelihood (Pounds et al. 2006).

Modeling future climate change provides a basis for effective visualization of
probable changes in climate and helps in further impact assessments in various
sectors including forests. It provides a futuristic picture of the climate scenario for
the next few decades so that appropriate policies and programmers can be put in
place to cut down potential damages. There are very few simulation studies reported
based on the IPCC Assessment Report5 Representative Concentration Pathway
(RCP) for India (Ravindranath et al. 2006, 2008).

Due to their finer resolutions, the regional climate models outputs enables a
better and reliable outcomes for impact studies. The main endeavor of this study is
to project the potential climate change of Kerala using the latest IPCCs RCP 4.5
emission trajectories and its implications on forests areas which is rich in its bio-
diversity. As forests have a major role to play in the ecosystem sustainability of
Kerala, the scope of this paper includes the simulations of potential of future climate
change, quantitative and spatial analysis of the existing change and understanding
the existing adaptive management strategies for forest conservations.

2 Materials and Methods

2.1 Study Area

Kerala is located in the southern tip of Indian subcontinent and extends from 8°15′N
and 12°50′N latitude and 74°50′E and 77°30′E longitude. Its is also “Gateway of
monsoon” to the country as it is the entry point of monsoon to the Indian subcon-
tinent. It is also one of the wettest places in the humid tropics. The temperature in
Kerala normally ranges from 28° to 32 °C (82° to 90 °F) on the plains but drops to
about 20 °C (68 °F) in the highlands. The mean monthly Climatology of Kerala is
been given in the Figs. 1, 2 and 3.
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Owing to its diversity in geographical features, the climatic condition in Kerala
is also diverse. It can be divided into 4 seasons-Winter, Summer, South-West
Monsoon and North-East Monsoon The annual rainfall of Kerala is about 2.7 times
the national average, receiving about 3000 mm as against 1150 mm of the national
average. The State is relatively rich in rainfall endowment; with an annual pre-
cipitation of around 2600 mm. Ninety percent of this precipitation is during the two
monsoons, that is from June to August (south west) and October to November
(north east). About 60% of annual rainfall is received during southwest monsoon
period and about 30% during northeast monsoon. From December to March there is
very little rainfall, but the occasional rainfall during this period is a very critical
requirement for cultivation as we still depend upon rainfall for raising many of the
crops. The State is bestowed with 44 rivers and a number of backwaters, streams,
canals and other inland water bodies and has rich biodiversity. The tropical rain-
forests spread in 13 agro-ecological zones. The major group under the soils of
Kerala is laterite (http://www.kau.edu/pop/agro-ecologicalzonesofkerala.htm).

Kerala has three floristic hot spots-Agastyamala, Anamala and Silent Valley.
Western Ghats in Kerala have 4500 species of flowering plants. Western Ghats have
145 species of mammals (of which 14 are endemic to Western Ghats), 169 species
of fresh water species, 93 species of amphibians (of which 40 are endemic). There
are 486 species of birds (of which 16 are endemic to Western Ghats). There is also
innumerable micro flora and fauna. The State has two biosphere reserves—Nilgiri
and Agastyamala (GoK 2008). The state has three out of twenty-five wetlands of
international importance included in the Ramsar list viz., Ashtamudi, Sasthamkotta
and Vembanad-Kolland (Figs. 4, 5, 6).

2.2 Forest Cover in Kerala

Much of the forest cover of Kerala is spread over the Western Ghats. The Western
Ghats represents one of the world’s 18 hot spots of biodiversity and is considered to
be a repository of endemic, rare and endangered flora and fauna. The percentage of
forest cover in Kerala is 28.90 which is higher than the national coverage of 19.50.
About 51% of the total forest cover is in the southern districts and the remaining 49%
is in the central and northern regions (Tables 1 and 2). Idukki and Pathanamthitta
districts have the largest area under forest cover. The classification of forest types are
mentioned in Figs. 7 and 8.
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Fig. 4 Projected night time temperature changes over forest areas spanning three continuous time
slices (near-2010–2040 mid-2041–2070, and end century-2071–2100)

Fig. 5 Potential impacts of
climate change on forest
ecosystems
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Fig. 6 The existing programmes of adaptation or forest conservations by the state government and
department of forests in Kerala consists of 1. Ente Maram* (My Tree), 2. Njangalude maram*(Our
Tree) 3. Vazhiyora thanal* (Shading Trees) 4.Haritha Theeram* (Trees on the coasts), 5. Haritha
Keralam* (Green Kerala) etc. (Fig. 8)
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2.3 Climate Change Modeling Approach

Regional Climate Models (RCMs) viz., RegCM4.0 of Abdus Salam International
Centre for Theoretical Physics (ICTP), Italy was used to simulate the future climate
scenarios under RCP 4.5. The GCM boundaries used to drive the RCMs were Had
GEM- ES model for RegCM4. The simulation was runs for 128 years (1971–2098)
using the latest RCP 4.5 scenario, which is said to be in good coherence with the
climate of Indian subcontinent. The weather variables maximum and minimum
temperature are extracted from the outputs of RCMs. A medium range emissions
pathway was selected. It is based on a representative CO2 concentration pathway
that generates a radiative forcing of 4.5 Wm−2 (RCP 4.5) (Chaturvedi et al. 2012a,
b). These trajectories were selected to be representative of the medium range of
potential emissions and related climate change scenarios. RCP 4.5 represents
emissions if action is taken to limit greenhouse gas emissions by 2050. Under this
scenario the atmospheric CO2 concentration at year 2050 would be 478 ppm, and
at year 2100 it is anticipated to rise to 538 ppm. Studies based on the latest IPCC
AR5 emission trajectories [i.e., Representative Concentration Pathways (RCPs)] are
only a handful on impact assessment, especially for the Indian scenarios (IPCC
AR5 2013a, b).

From the daily outputs of RegCM4, mean annual estimations were made using
Perl programme for climate analysis. The annual estimations were done for each
grids and then averaged for the state to find the increase or decrease in trend of
climate parameters till the end of 21st century.

Table 1 The forest cover
types and area of Kerala

Sl. No Forest type Area (lakh ha.)

1 Tropical wet evergreen forest 3.48

2 Tropical moist deciduous forests 4.1

3 Tropical dry deciduous forests 0.094

4 Mountain sub tropical forests 0.188

5 Plantations 1.538

Total 9.4

Table 2 Kerala is bestowed
with rich biodiversity

Category Kerala % to the Indian flora

Flowering plants 4500 25.71

Gymnosperms 4 6.25

Pteridophytes 236 21.45

Bryophytes 350 12.28

Lichens 520 26.00

Algae 325 5.00

Fungi 4800 33.10

Source http://www.kerenvis.nic.in/Database
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Fig. 7 Classification of forests types in Kerala
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Fig. 8 The spatial extent of percentage of area under each forest circle in Kerala
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3 Results and Discussion

3.1 General Projections Warming Over the Districts
of Kerala

With reference to the baseline (1971–2000) simulations, monthly climatology were
compared for understanding the future changes. Maximum temperature is likely to
increase in this study (Fig. 7) as well as reported by Wiltshire et al. (2013). Similar
kind of increased temperature projection for India was also observed by Chaturvedi
et al. (2012a). In this study it was was noted that the rate of increase in minimum
temperature is higher than that of maximum temperature and it was in agreement
with Ramaraj et al. (2009) for Tamilnadu.

The projected warming during the day time was in the range of 0.7 °C in the
western coastal districts and 1.1 °C in the hilly areas during the near century (2010–
2040) period. Comparatively higher levels of warming was observed in the
Pathanathitta, Kollam, Idukki, Palakkad, Malappuram and Wayanad districts, due
to its rugged topography and land form features. The rise in warming was seen to be
1.6–2 °C during midcentury and 2.1 and 2.6 °C in the end of 21st century (Fig. 9).

However, there is clear spatial variation in the changes in the night time tem-
perature over Kerala.

The projected night time warming was in the range of 0.8 °C in the western
coastal districts and 1.04 °C in the hilly areas during the near century (2010–2040)
period. Comparatively higher levels of warming was observed in the Wayanad
Palakkad and Malappuram districts. The likely rise in warming was seen to be
1.5–1.9 °C during mid-century and 2.1 and 2.5 °C in the end of 21st century
(Fig. 10).

3.2 Exclusive Projections Warming for Forested Areas
of Kerala

Periyar Tiger Reserves, Silent Valley, Wayanad forested areas are projected to
experience severe warming in future. These forested areas are going to experience
severe warming of 2.7 °C during the day. This research also tries to understand the
existing forest management practices undertaken jointly by the state government of
Kerala and Department of Forests.

As far as the night time temperatures are concerned Wayanad, Silent Valley,
areas are likely to experience the higher warming in future. These forested areas are
going to experience severe warming of 2.5 °C during the night (Fig. 11).

As the model outcomes suggests potential for warming for kerala under mid
emission trajectory RCP 4.5. In this context, the terrestrial ecosystems in the
forested areas are likely to be changing in response to the climatic signals. Drier
years and drier summers have often led to more large fires, many of which are more
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severe. potential conversion of forests to shrubs in some places (FAO 2005a, b;
Ramachandran et al. 2015; Meinshausen et al. 2011; FSI Report 1987–2009; Roa
et al. 2009; UNCCD 2012). Envisioning future solutions will be facilitated through
exploration of forest ecosystem dynamics across landscapes containing multiple

Fig. 9 Projected daytime temperature changes spanning three continuous time slices (near-2010–
2040; mid-2041–2070, End Century-2071–2100)
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populations or patches and over long time periods containing many events and
ecosystem response trajectories (FAO 2005a, b; GOI, NAPCC 2008). However,
there is also recognition that increased dryness or length of dry spells could also
have significant ecological consequences (Ramraj et al. 2009; Sabu et al. 2011).
Afforestation and reforestation programmes require wider attention and focused
actions (FAO 2005a) In climate change terms, this is called mitigation because
better management results in lower emissions or in increased removal of carbon
from the atmosphere, thus lowering the CO2 in the atmosphere. At the same time,
these same landscapes can provide benefits that increase resilience to climate
change. Such adaptation co benefits include improved storage and release of water,
maintained local and regional rainfall patterns and diversified economic opportu-
nities through agricultural products, timber, non-timber products and tourism.

Fig. 10 Projected night time temperature changes spanning three continuous time slices
(near-2010–2040 mid-2041–2070, end-2071–2100)
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These same landscapes can also provide services such as biodiversity maintenance
and places where local people uphold cultural or religious values (Dillion et al.
2011; Pierce et al. 2004).

The geographic range of species will be a result of how populations of indi-
vidual’s respond. Not all species will be able to respond to changes in climate.
Species that are unable to respond quickly enough will go extinct. The magnitude of
extinctions could be immense due to climate change. For some areas and groups of
plants and animals, 15–37% of species could be at risk of extinction by 2050
(Pounds et al. 2006). Changes in climate have overwhelmed species’ abilities to
respond at the same pace (Breashears et al. 2005; Westerling et al. 2006).
Population decline and species loss are linked to the changing climate. Frogs
stressed by warmer and drier climate are less able to resist fungal infection. As a
result, populations decline and populations and species go extinct (Westerling et al.
2011; Morgan et al. 2008; Morrison et al. 2002; Easterling et al. 2000).

Scientific reports have already indicated that global warming is likely to pose a
defining challenge on most of the economic sectors in India that are driven by

Fig. 11 Projected day time temperature changes over forest areas spanning three continuous time
slices (near-2010–2040, mid-2041–2070, and End century-2071–2100)

170 P. Dhanya and A. Ramachandran

pcastro@ci.uc.pt



climate such as water resources, agriculture and allied services, biodiversity, and
forests (GOI 2008). Adapting to climate change reduces vulnerability by reducing
risks and capitalising on benefits through maintaining social and ecological resi-
lience (Nelson et al. 2007; Millar et al. 2007a, b). Kerala possess 95% of the
flowering plants in the Western Ghats and contains 90% of the vertebrate fauna.
Western Ghats in Kerala is one of the 34 world’s hot spots of biodiversity. The
latest estimates of future climate change predict that there will be an increment of
5–10 days in the consecutive dry days as per RCP 8.5 emission pathways for the
period 2081–2100 for India. The latest simulation study reported by Chaturvedi
et al. (2012a, b) indicated a rise in temperature in the range of 2.9–3.3 °C under
RCP 4.5 and RCP 6 pathways. Maximum temperature is likely to increase in this
study (Fig. 10) as reported by Wiltshire et al. (2013). Similar kind of increased
projection for India was also observed by Chaturvedi et al. (2012a, b). Increasing
extreme climate events, especially dryness pose serious soil degradations in the
forest in terms of depletion in Organic Carbon. It is necessary to undertake nec-
essary initiatives to preserve and enhance soil health of Western Coastal plains and
Western Ghat region of India which has 8 and 6% of soil organic carbon and total
carbon stock of the country respectively (Srinivas Roa et al. 2011; Spittlehouse
and Stewart 2003).

4 Conclusions

There are lots of uncertainties attached to climate change projections and their
plausible impacts. Impacts with respect to species distribution, frequency of
extreme climate events, insect pest and diseases incidence, forest productivity,
community livelihood etc. need to be understood in a better way. The anticipated
future warming in the range of 2.7 °C at the eco sensitive areas of Periyar Tiger
Reserves, Silent Valley, Wayanad showcases alarming situations if not taken atmost
proactive care. A comparatively higher level of warming was observed in the
Wayanad Palakkad and Malappuram districts. Further research involving Impact
and vulnerability assessments using higher resolution projection data would provide
a clearer picture at species level. Government of Kerala must focus on formulating
enhanced research agendas and policies which are the need of the hour to under-
stand how different predominant endemic species behave under the drastic or slow
alterations in the climate and growing conditions in future. Micro level studies are
the need of the hour to generate data as there exists spatial variability in climatic
conditions and to design local forest divisional level planning. As the sustainable
conservation initiatives are limited or happening at a slow pace in the state and
hence it is important to increase the pace to exceed and overrule the extent of
damage and fix priority areas of conservation.
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Mediterranean Marginal Lands in Face
of Climate Change: Biodiversity
and Ecosystem Services

Helena Castro and Paula Castro

Abstract Mediterranean landscapes are the result of the interaction of a long
history of anthropogenic disturbances (cultivation, grazing, timber and fuel wood)
with natural disturbances (such as fire, floods and extreme droughts) and a variable
climate. Often ecosystems in these landscapes are characterized by having soils that
are marginal for production. On the other hand, these ecosystems often have
multiple land uses, including livestock breeding, forestry and cultivation, creating
ecosystems that are of great importance for their environmental and socio-economic
value. Climate change is expected to modify patterns of precipitation with pre-
dictions for the Mediterranean pointing to enhanced drought and increased fre-
quency of extreme events. The impact of rainfall variability on grassland
productivity represents a topic of concern due to its relevance for agricultural
activities such as livestock production a key economic activity in Mediterranean
marginal lands. In this chapter we present a review of the effects of climate change
on biodiversity and ecosystem services associated with agro-silvo-pastoral systems
while also approaching the associated socio-economic and desertification issues.
Finally we review studies on conventional and alternative management strategies in
in search for strategies to cope with climate change.

1 Introduction

Current and historical human activity is an unavoidable subject when approaching
the structure and function of ecosystems because it strongly influences modern
vegetation patterns (Foster et al. 2003), particularly in the Mediterranean Basin
where ecosystems and landscapes were transformed and redesigned by humans
over several millennia. This, in combination with a variable climate and a high
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degree of spatial heterogeneity, has contributed to the high biodiversity of the
Mediterranean Basin.

Mediterranean grasslands including, rangelands, pastures, meadows, and fodder
crops (Varela and Robles-Cruz 2016) are important resources covering up to 48%
of the Region. Extensive grazing systems represent one of the best adapted land
uses in Mediterranean marginal lands and high biological diversity is often asso-
ciated with these ecosystems. This review deals with extensive grazing lands
associated to two main ecosystems: Montado and cereal steppes. The importance of
these areas rests on both environmental as well as socio-economic values. They
support outstanding biodiversity, form unique landscapes, are the source of
high-quality food derived from animal production, sustain rural population, and
constitute important areas for rural leisure and tourism.

In Mediterranean grasslands, the structure and composition of the vegetation, as
well as the life history traits of many species show adaptations to human pertur-
bations, such as fire, ploughing and grazing, that reflect the profound impact of
anthropogenic activity in this region. The exceptional richness of annual plant
species in the Mediterranean flora is to a large extent the result of long-standing
human activities (Blondel and Aronson 1999).

The Mediterranean climate is characterized by the seasonality and unpre-
dictability in precipitation. Climate change is expected to modify patterns of pre-
cipitation with predictions for the Mediterranean pointing to enhanced drought and
increased frequency of extreme events (Sardans and Peñuelas 2013; Chelli et al.
2016). Several studies predict an increase in winter precipitation primarily in the
form of high-intensity events, which together with decreased spring and autumn
rainfall can have important consequences for ecosystem function (Miranda et al.
2011). It may speed up desertification process and reduce ecosystem productivity.

The impact of rainfall variability on grassland productivity represents a topic of
concern due to its relevance for agricultural activities such as livestock production a
key economic activity in Mediterranean marginal lands. In this chapter we present a
review of the effects of climate change on biodiversity and ecosystem services
associated with agro-silvo-pastoral systems while also approaching the associated
socio-economic and desertification issues. Finally, we review studies on conven-
tional and alternative management strategies in in search for strategies to cope with
climate change.

2 Climate Change in the Mediterranean Region

Climate change has become an important issue of the 21st century deeply impacting
biodiversity, habitats and ecosystems which in turn intensify the vulnerability of
regions, economic sectors and communities (IPCC 2014; EEA 2013; EEA 2017).
These impacts and vulnerabilities are of particularly prominence in the
Mediterranean Region and arte expected to be worsened by climatic variation (EEA
2017; EEA, 2012; Ulbrich et al. 2012). In 2017 the European Environment Agency
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(EEA 2017) reported the key observed and projected climate change and its impacts
in southern Europe, which include: 1. Large increase in heat extremes, 2. Decrease
in precipitation and river flow, 3. Increasing risk of droughts, 4. Increasing risk of
biodiversity loss, 5. Increasing risk of forest fires, 6. Increased competition between
different water users, 7. Increasing water demand for agriculture, 8. Decrease in
crop yields, 9. Increasing risks for livestock production, 10. Increase in mortality
from heat waves, 11. Expansion of habitats for southern disease vectors, 12.
Decreasing potential for energy production, 13. Increase in energy demand for
cooling, 14. Decrease in summer tourism and potential increase in other seasons,
15. Increase in multiple climatic hazards, 16. Most economic sectors negatively
affected and 17. High vulnerability to spill over effects of climate change from
outside Europe. Is thus mandatory that climate change is incorporated in ecosystem
service assessments and in the planning procedures as well as in decision-making
(Groves et al. 2012; Runting et al. 2017).

3 History and Main Trends of Mediterranean Grasslands
in Southern Portugal

The agro-silvo-pastoral systems of the South of Portugal, similarly to others in the
Mediterranean basin have been shaped by a long history of human and ecological
disturbances (Serrão 1963; Blondel and Aronson 1999), which led to great trans-
formations in the vegetation. In southern Portugal, these are thought to date from
Palaeolithic times and to have intensified through time with increases in cultivated
areas and with the demand of wood for naval construction in the XV and XVI
centuries (Capelo et al. 2007). In the first half of the 20th century, the mecha-
nization and intensification of cereal production in the undercover led to a wide
scale destruction of the Montado, resulting in a decrease in tree cover and in
extreme cases in the origin and expansion of the cereal steppe (Roxo et al. 1998;
Marta-Pedroso et al. 2007). From 1980 to the present the Portuguese agricultural
policy has been increasingly aligned with the European Common Agricultural
Policy (CAP) (Guerra et al. 2016).

The cereal steppe is an open mosaic landscape, consisting mainly of cereal
fields, stubble, ploughed and fallow land (usually grazed), and is based on extensive
cultivation of cereals under a rotational scheme that lasts 5–7 years (Marta-Pedroso
et al. 2007). The cereal steppes have an important conservation value as they
provide habitat for many steppic birds with unfavorable conservation status such as
the great bustard (Otis tarda L.), the little bustard (Tetrax tetrax L.), and the lesser
kestrel (Falco naumanni Fleischer) constituting one of the last refuges for these
species (Moreira et al. 2005). The Montado is characterized by sparse tree cover
and a diversity of understory vegetation—ranging from shrub formations to
grasslands. Currently, the existing Montado areas are cork oak, holm oak or a
mixture of both species, which represent a cline from 5 to 65% oak tree cover, and
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coexist with pasture and crops in the undercover (Sá-Sousa 2014). In the under-
cover encroaching shrubs are cleared in at intervals 4–7 years to reduce the risk of
wildfires and to promote the establishment of pasturelands or annual crops
(Pinto-Correia 2000). In both cases the rotation creates a mosaic of land uses and
habitat types with high conservation value. In both systems grazing plays a key role
in the sustainability and in maintaining biodiversity. Traditionally, grazing was
done by sheep, or mixed grazing with goat, but recently grazing by cattle has
increased substantially, mainly due to funding schemes of the Common
Agricultural Policy of the European Union which favour payments per cattle head
(Ferraz de Oliveira et al. 2013). This is a strong pressure on these marginal
grasslands. Grazing by wild species is also common in some Montado areas and is
an important source additional income through hunting.

The trend in land cover change in these marginal lands reflects a polarization
between extensification or abandonment of more peripheral and fragile areas and
over-exploitation of the tree cover and/or intensification of activities in the
undercover, such as overgrazing and mechanized ploughing (Pinto-Correia and
Godinho 2013). In these systems, abandonment has a strong effect on vegetation
composition with the replacement of herbaceous dominated communities with
shrub dominated communities, resulting in a decrease in plant species richness
(Castro et al. 2010). At the landscape level, the increasing abandonment may
promote the appearance of large continuous areas of uniform flammable vegetation
with the consequence of an increase in the number of fires, total surface burned and
the distribution of areas affected by fire (Pausas 1999). Additionally, the complete
abandonment of agro-pastoral uses implies the loss of a traditional landscape and
many ecosystem functions as well as loss of habitat and species diversity (Moreira
et al. 2005; Plieninger et al. 2014). The effects of abandonment on biodiversity in
the Mediterranean basin are reviewed by Plieninger et al. (2013). On the other hand
intensification may lead to the reduction in tree cover, leading to the disappearance
of the forestry component, and the disappearance of the associated ecosystem
services. Intensification may also cause soil erosion leading to the loss of valuable
soil provided ecosystem services and ultimately to desertification.

4 Grassland Biodiversity and Services in a Changing
Climate

Grassland composition, function and services can be strongly influenced by
anthropic disturbance and expected climate changes may intensify the impacts of
these disturbances. Mediterranean grasslands provide a range of ecosystem services
including provisioning services, which is the most prominent service and has
motivated their existence; supporting services, such as biodiversity conservation
and habitat for wildlife; regulating services such as carbon fixation and prevention
of erosion; and cultural services such as aesthetic and recreational services.
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Provisioning services (i.e. grazing) produce a series of benefits, such as meat or
milk, often with special sensorial and nutritive qualities linked to labels such as
products with Denomination of Origin. In addition to the added value, these
products may raise values linked to cultural heritage for consumers which may be
important in connecting rural and urban populations (Varela and Robles-Cruz
2016).

Soil erosion is a severe problem in Southern Portugal. On the one hand, the plant
cover provided by grasslands can reduce the likelihood of soil losses (Schnabel
et al. 2009), on the other, overgrazing by livestock and soil mobilization can cause
of soil erosion in the Mediterranean (Pinto-Correia and Godinho 2013).

Biodiversity has key role in the maintenance of ecosystem stability (Caldeira
et al. 2005) and a key role in the support of ecosystem services. Plant diversity in
Mediterranean grasslands results from the action of a multiplicity of factors
including spatial variability, soil seed bank (Levassor et al. 1990), grazing intensity,
inter-annual fluctuations in climatic conditions, and disturbance. Their vegetation is
dominated by annual species, where most species germinate after the first signifi-
cant autumn rains, flower in spring and die in summer. Mediterranean grasslands
are characterized by high plant species diversity as indicated by various studies (e.g.
Díaz-Villa et al. 2003; Castro et al. 2010; Castro et al. 2016), but the variation in
yearly composition is also high with only part of the plant species being present
consistently from year to year.

Inter-annual fluctuations in rainfall have a strong impact on plant community
composition as shown by multiple studies performed in Mediterranean grasslands
(e.g. Castro et al. 2016; López-Carrasco et al. 2015; Henkin et al. 2010;
López-Sánchez et al. 2016). The effect of meteorological fluctuations depends on
the total rainfall during the growing season (the more water available, the greater
the species richness), and of the autumn rainfall distribution (the less drought
periods between rain episodes, the greater the richness). Data comparing a wet and
a dry year in two Mediterranean grasslands shows a decrease on overall species
richness (Fig. 1) and plant cover, as well as that functional groups are affected
differently (Fig. 2).
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Legumes were affected negatively by the dry year, with both a decrease in
species number and cover. This was also observed in other studies in Mediterranean
grasslands (e.g. Castro et al. 2016; Henkin et al. 2010). Overall, grasses and forbs
seem to be less affected by fluctuations in rainfall. In addition to rainfall, increased
yearly temperatures negatively affect plants by accelerating their development and
reducing the time available for seed dispersal (Hernández and Pastor 2006).

In these ecosystems, mostly composed of annual species, the status of the seed
bank is directly linked to the annual fertility of adult plants, ultimately threatening
the stability of the population if many episodes interrupt seed renewal (e.g. pro-
longed droughts, droughts early in spring, overgrazing) (Jongen et al. 2013).

Grazing is another major factor affecting plant structure and diversity in
Mediterranean grasslands (Noy-Meir et al. 1989). Large herbivores affect species
richness and diversity by selective defoliation, trampling, creating nutrient patches
and influencing patterns of litter inputs. In Mediterranean grasslands these
small-scale effects on species richness are generally positive (Sternberg et al. 2000).
Therefore, grazing may not be a disturbance in these grasslands. On the contrary,
herbivore elimination may constitute a disturbance because it can lead to a trans-
formation of the ecosystem (Montalvo et al. 1993). Several studies show the
importance of grazing as a management tool for maintaining plant diversity in
Mediterranean grasslands (e.g. Golodets et al. 2011).

The interaction of grazing and rainfall plays a key role in the sustainability these
systems. Carmona et al. (2012) examined the combined effect of grazing and water
availability on the diversity of Mediterranean grasslands and concluded that water
availability was the major determinant of both taxonomical and functional com-
positions. However, the effect of grazing was also significant, supporting the
importance of grazing in influencing the diversity and composition of these systems
(Carmona et al. 2012).

On the other hand, Mediterranean grasslands display a remarkable capacity to
respond to climate perturbations due to the different strategies of the component
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species, which allow them to survive in a variable and highly unpredictable envi-
ronment (Merou et al. 2013). In line with this Carmona et al. (2012) found that,
despite great interannual variations in species diversity, functional diversity was
rather stable over time and space, showing the temporal functional stability of the
system. However, the same authors also found that under more limited water
availability, grazing intensification reduced the functional diversity of these
grasslands (Carmona et al. 2012). The predicted reduction in rainfall in the
Mediterranean area increases the risk of high grazing levels causing dramatic
declines in the functional diversity of Mediterranean grasslands, probably com-
promising their stability and resilience over time, confirming that the interaction of
grazing and rainfall plays a key role in the sustainability these systems.

5 Primary Productivity, Food Quality and Implications
for Livestock

Biomass production in grasslands is a key component of food provision for
domestic herbivores and is known to depend on climate, resource availability, and
on the functional characteristics of communities (Chollet et al. 2014). Biomass
production in grasslands associated to cereal steppe and montado areas, in partic-
ular, is constrained by rainfall, duration of the growth season and low soil fertility.
Consequently, they are characterized by large spatial and temporal variation in the
availability and quality of plant forage, which affects grassland productivity and
feed value causing variations in animal body conditions (Scocco et al. 2016).

Biomass production is affected by rainfall as shown in Fig. 3, which compares
biomass data from wet (2004) and a dry (2005) year in two Mediterranean grass-
lands. Similar results were also observed by other studies in Mediterranean
grasslands in Southern Portugal (e.g. Henkin et al. 2010; López-Sánchez et al.
2016; Vázquez-De-Aldana et al. 2008; Caldeira et al. 2005). Variability of herb
biomass is often related to changes in the cover of dominant species, predominantly
legumes, as shown by the very low legume biomass yield under dry conditions in
the study by López-Carrasco et al. (2015).

Plant food resource quality is related to species composition, namely abundance
of legumes or grasses and the chemical and physical characteristics of each species
(Vázquez-de-Aldana et al. 2000). Forage quality depends on nutrient concentration,
which determines digestibility, partitioning of metabolized products in the digestive
tract and forage intake (Dumont et al. 2015). Chemical and physical characteristics
vary along the growing season with protein and mineral contents and dry matter
digestibility decreasing (Corona et al. 1998). The effect of climate change on
physical and chemical characteristics of forages was reviewed by Dumont et al.
(2015). Rainfall and temperature affect both the quantity and quality of forage.
Water stress leads to an average increase forage N concentration and to a decrease
in the plant cell-wall, as well as, to an average increase in digestibility, even though
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there was high variation among experiments (Dumont et al. 2015). Protein con-
centration was significantly and negatively correlated with the annual precipitation
in the study by Vázquez-De-Aldana et al. (2008). Variations in forage N content
can also be expected if legume abundance varies, as legumes are generally richer in
N than other functional groups (Dumont et al. 2015). Legume component in pasture
is an important factor in the protein concentration of herbage, since this botanical
component has much greater protein concentration than grasses and forbs
(Vázquez-de-Aldana and Pérez-Corona 2000). As referred above legume cover and
biomass is related to rainfall.

In addition to influencing the total biomass, drought can accelerate plant mat-
uration or even lead to tissue senescence which strongly decreases forage quality
(Scocco et al. 2016).

Local topographic differences such as slope location (upper vs. lower location)
can influence time plant maturation, biomass and nutritional quality. Lower loca-
tions tend to be show later maturation and have changes in biomass and quality less
affected by fluctuations in rainfall than upper areas (Vázquez-de-Aldana and
Pérez-Corona 2000; Vázquez-De-Aldana et al. 2008).

6 Strategies to Cope with Climate Change

Vulnerability to drought in pastures in semi-arid areas can lead to considerable
socio-economic and environmental losses in the absence of mitigation and adap-
tation strategies.

Climate change is expected to modify patterns of precipitation with predictions
for the Mediterranean pointing to enhanced drought and increased frequency of
extreme events (Sardans and Peñuelas 2013; Chelli et al. 2016), which may be a
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major threat to grazing activities. These activities play a key role in the sustain-
ability and in maintaining biodiversity of highly valued silvo-pastoral ecosystems,
such as Montados and cereal steppes, which provide many environmental, cultural
and economic services.

A study by Iglesias et al. (2016) addressing drought risk in the Spanish Dehesa
showed that that main feeding costs are incurred during the summer months of July,
August and September while the higher variability happens in February–March,
May–June and October–November. The same study also indicates a decupling
between climate risk and economic consequences, with climate risks concentrating
at the beginning of spring and autumn, and economic risk usually occurring later
and lasting longer (Iglesias et al. 2016).

Climate change is expected to modify patterns of precipitation with predictions
for the Mediterranean pointing to enhanced drought and increased frequency of
extreme events (Sardans and Peñuelas 2013; Chelli et al. 2016). This can negatively
affect the sustainability of these ecosystems by affecting rangeland vegetation
quality and productivity, the two primary factors affecting the carrying capacity of
the rangeland for livestock, as well as affecting the biodiversity and underlying
services. In this systems understanding and valuing the social component is
essential for sustainable management (Louhaichi et al. 2016). Similarly it is also
important to understand that although drought may be perceived as a climate threat,
its effects may be worsened or mitigated by the interaction of various environmental
and socioeconomic factors (Iglesias et al. 2016). Grazing intensity and soil mobi-
lization in areas under cultivation or shrub clearing, which increase the risk of soil
erosion and ecosystem desertification are two main concerns, that can in worsened
by climate change. As pointed before, the interaction of human activity and rainfall
plays a key role in the sustainability these systems. Below we present some mea-
sures that have been employed or undergone studies with the objective of achieving
sustainability and coping with climate change.

The system of ‘sown biodiverse permanent pastures rich in legumes’, a
semi-intensive system for meat production, that started being developed in Portugal
in the second half of the 1960s has been presented as a being an economic and
ecological win-win solution that addresses many of the causes of land degradation
in the Mediterranean while also recovering soil condition, ecosystem functions and
services (Teixeira et al. 2014). According to (Teixeira et al. 2014) these systems
have higher productivity than natural pastures, allowing a sustainable increase in
animal carrying capacity, contribute to the increase in soil organic matter, which
together with avoided soil mobilization due to seed bank persistence, decreases
sediment loss and soil erosion.

Stocking rates can have important implications in grassland sustainability as
shown by several studies. In this context there is the interesting study by Iglesias
et al. (2016) which shows that, under drought conditions, lowering the stocking rate
may significantly reduce vulnerability and decrease the chance of worst outcomes,
but also entails opportunity costs in favourable weather circumstances. This may
lead to farmers’ reluctance to adopting this type of strategy (Iglesias et al. 2016).
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A study by Escribano et al. (2012) comparatively evaluating conventional and
organic beef production in the Spanish dehesa concluded that organic farms are
more sustainable, obtaining higher scores than conventional farms in stability and
self-reliance, and similar scores in productivity, adaptability, and equity. Organic
dehesa beef farms seem to have low dependence on external products and services
and to be more adapted to their environment (lower stocking rates for an optimal
use of the system’s feedstuff production) (Escribano et al. 2012).

Extensive animal production with pastures and forages integrated in multiple use
of forest are part of sustainable rural development (Sequeira 1997). These systems
increase security against price change, increase farm income, employment stability
and qualification, combat depopulation, and especially combat desertification. The
perennial herbaceous component of these communities can buffer against drastic
changes in community structure potentially decreasing vulnerability to climate
change (Henkin et al. 2010). The presence of trees can influence herbaceous bio-
mass and diversity. Overall, herbaceous biomass is higher outside the canopy,
except in wet years, and forb and legume biomass are higher outside while grass
biomass is higher under the canopy in wet years (López-Carrasco et al. 2015). Over
the three years, there was a consistent trend in species richness, with low values
beneath the crowns and higher values away from the oaks (López-Carrasco et al.
2015). New methods of reclaim eroded soils by sewage sludge mud subsoil
injection, retaining water runoff are developed to avoid erosion, fertility and water
loss (Sequeira 2002a, b; Sequeira 2004).

7 Conclusion

The Mediterranean Region is one of the most vulnerable regions in the world to the
impacts of global warming. Critical factors as rainfall and temperature pressure the
dynamic and functioning of grassland ecosystems and the expected increases in
drought events and severity will constrain the conservation of natural resources and
place the sustainability of forage production and other ecosystems services at risk.
These systems play important ecological, economic and social roles and expected
climate change scenarios deserve special attention from stakeholders, scientific
community and decision-makers.

References

Blondel J, Aronson J (1999) Biology and wildlife of the Mediterranean region. Oxford University
Press, Oxford

Caldeira MC, Hector A, Loreau M, Pereira JS (2005) Species richness, temporal variability and
resistance of biomass production in a Mediterranean grassland. Oikos 110:115–123

Capelo J, Catry F, Silva JS (2007) Biologia, Ecologia e distribuição da azinheira. Lisboa, pp 119–
129

184 H. Castro and P. Castro

pcastro@ci.uc.pt



Carmona CP, Azcárate FM, de Bello F et al (2012) Taxonomical and functional diversity turnover
in Mediterranean grasslands: interactions between grazing, habitat type and rainfall. J Appl
Ecol 49:1084–1093. https://doi.org/10.1111/j.1365-2664.2012.02193.x

Castro H, Lehsten V, Lavorel S, Freitas H (2010) Functional response traits in relation to land use
change in the Montado. Agric Ecosyst Environ 137:183–191. https://doi.org/10.1016/j.agee.
2010.02.002

Castro H, Barrico L, Rodríguez-Echeverría S, Freitas H (2016) Trends in plant and soil microbial
diversity associated with Mediterranean extensive cereal–fallow rotation agro-ecosystems.
Agric Ecosyst Environ 217:33–40. https://doi.org/10.1016/j.agee.2015.10.027

Chelli S, Canullo R, Campetella G et al (2016) The response of sub-Mediterranean grasslands to
rainfall variation is influenced by early season precipitation. Appl Veg Sci 19:611–619. https://
doi.org/10.1111/avsc.12247

Chollet S, Rambal S, Fayolle A et al (2014) Combined effects of climate, resource availability, and
plant traits on biomass produced in a Mediterranean rangeland. Ecology 95:737–748. https://
doi.org/10.1890/13-0751.1

Corona MEP, De Aldana BRV, Criado BG, Ciudad AG (1998) Variations in nutritional quality
and biomass production of semiarid grasslands. J Range Manag 51:570–576. https://doi.org/10.
2307/4003378

Díaz-Villa MD, Marañón T, Arroyo J, Garrido B (2003) Soil seed bank and floristic diversity in a
forest-grassland mosaic in southern Spain. J Veg Sci 14:701–709. https://doi.org/10.1111/j.
1654-1103.2003.tb02202.x

Dumont B, Andueza D, Niderkorn V et al (2015) A meta-analysis of climate change effects on
forage quality in grasslands: specificities of mountain and mediterranean areas. Grass Forage
Sci 70:239–254. https://doi.org/10.1111/gfs.12169

EEA (European Environment Agency) (2012) Climate change, impacts and vulnerability in
Europe 2012: an indicator-based report. Office for official publications of the European union,
Luxembourg. EEA report no 12/2012

EEA (European Environment Agency) (2013) Adaptation in Europe. Addressing risks and
opportunities from climate change in the context of socio-economic developments.
Publications office of the European union, Luxembourg. EEA report no 3/2013

EEA (European Environment Agency) (2017). Climate change, impacts and vulnerability in
Europe 2016. An indicator-based report. Publications office of the European union,
Luxembourg. EEA report no 1/2017

Escribano AJ, Mesias FJ, Gaspar P et al (2012) Sustainability of organic and conventional beef
cattle farms in SW Spanish rangelands (‘Dehesas’): a comparative study. 10TH Eur IFSA symp
prod reprod farming syst new modes Organ sustain food syst tomorrow. https://doi.org/10.
13140/rg.2.1.4293.4889

Ferraz de Oliveira MI, Lamy E, Bugalho MN et al (2013) Assessing foraging strategies of
herbivores in Mediterranean oak woodlands: a review of key issues and selected methodolo-
gies. Agrofor Syst 87:1421–1437. https://doi.org/10.1007/s10457-013-9648-3

Field CB, Barros VR, Dokken DJ et al (eds) (2014) Climate Change 2014. Impacts, adaptation,
and vulnerability. part a: global and sectoral aspects. IPCC (Intergovernmental Panel on
Climate Change). Cambridge University Press, Cambridge

Foster D, Swanson F, Aber J et al (2003) The importance of land-use legacies to ecology and
conservation. Bioscience 53:77–88

Golodets C, Kigel J, Sternberg M (2011) Plant diversity partitioning in grazed Mediterranean
grassland at multiple spatial and temporal scales. J Appl Ecol 48:1260–1268. https://doi.org/10.
1111/j.1365-2664.2011.02031.x

Groves CR, Game ET, Anderson MG et al (2012) Incorporating climate change into systematic
conservation planning. Biodivers Conserv 21:1651–1671. https://doi.org/10.1007/s10531-012-
0269-3

Guerra CA, Metzger MJ, Maes J, Pinto-Correia T (2016) Policy impacts on regulating ecosystem
services: looking at the implications of 60 years of landscape change on soil erosion prevention

Mediterranean Marginal Lands in Face of Climate … 185

pcastro@ci.uc.pt

http://dx.doi.org/10.1111/j.1365-2664.2012.02193.x
http://dx.doi.org/10.1016/j.agee.2010.02.002
http://dx.doi.org/10.1016/j.agee.2010.02.002
http://dx.doi.org/10.1016/j.agee.2015.10.027
http://dx.doi.org/10.1111/avsc.12247
http://dx.doi.org/10.1111/avsc.12247
http://dx.doi.org/10.1890/13-0751.1
http://dx.doi.org/10.1890/13-0751.1
http://dx.doi.org/10.2307/4003378
http://dx.doi.org/10.2307/4003378
http://dx.doi.org/10.1111/j.1654-1103.2003.tb02202.x
http://dx.doi.org/10.1111/j.1654-1103.2003.tb02202.x
http://dx.doi.org/10.1111/gfs.12169
http://dx.doi.org/10.13140/rg.2.1.4293.4889
http://dx.doi.org/10.13140/rg.2.1.4293.4889
http://dx.doi.org/10.1007/s10457-013-9648-3
http://dx.doi.org/10.1111/j.1365-2664.2011.02031.x
http://dx.doi.org/10.1111/j.1365-2664.2011.02031.x
http://dx.doi.org/10.1007/s10531-012-0269-3
http://dx.doi.org/10.1007/s10531-012-0269-3


in a Mediterranean silvo-pastoral system. Landsc Ecol 31:271–290. https://doi.org/10.1007/
s10980-015-0241-1

Henkin Z, Perevolotsky A, Sternberg M (2010) Vulnerability of Mediterranean grasslands to
climate change: what can we learn from a long-term experiment? In: Porqueddu C, Ríos S
(eds) The contributions of grasslands to the conservation of Mediterranean biodiversity.
CIHEAM, Zaragoza, pp 167–174

Hernández AJ, Pastor J (2006) Mediterranean grasslands : ecological observations related to the
climate of the past 55 years. In: Lloveras J, González-Rodrígues A, Vázquez-Yañez O et al
(eds) Sustainable grassland productivity. 21st General Meeting of the European Grassland
Federation, pp 790–792

Iglesias E, Báez K, Diaz-Ambrona CH (2016) Assessing drought risk in mediterranean dehesa
grazing lands. Agric Syst 149:65–74. https://doi.org/10.1016/j.agsy.2016.07.017

Jongen M, Unger S, Fangueiro D et al (2013) Resilience of montado understorey to experimental
precipitation variability fails under severe natural drought. Agric Ecosyst Environ 178:18–30.
https://doi.org/10.1016/j.agee.2013.06.014

Levassor C, Ortega M, Peco B (1990) Seed bank dynamics of mediterranean pastures subjected to
mechanical disturbance. J Veg Sci 1:339–344

López-Carrasco C, López-Sánchez A, San Miguel A, Roig S (2015) The effect of tree cover on the
biomass and diversity of the herbaceous layer in a Mediterranean dehesa. Grass Forage Sci
70:639–650. https://doi.org/10.1111/gfs.12161

López-Sánchez A, San Miguel A, Dirzo R, Roig S (2016) Scattered trees and livestock grazing as
keystones organisms for sustainable use and conservation of Mediterranean dehesas. J Nat
Conserv 33:58–67. https://doi.org/10.1016/j.jnc.2016.07.003

Louhaichi M, Clifton K, Kassam SN, Werner J (2016) Overlooked benefits and services of
grasslands to support policy reform. In: Kyriazopoulos A, López-Francos C, Porqueddu C,
Sklavou P (eds) Ecosystem services and socio-economic benefits of Mediterranean grasslands,
pp 301–312

Marta-Pedroso C, Domingos T, Freitas H, de Groot RS (2007) Cost-benefit analysis of the zonal
program of castro verde (Portugal): highlighting the trade-off between biodiversity and soil
conservation. Soil Tillage Res 97:79–90

Merou TP, Tsiftsis S, Papanastasis VP (2013) Disturbance and recovery in semi-arid
Mediterranean grasslands. Appl Veg Sci 16:417–425. https://doi.org/10.1111/avsc.12013

Miranda JD, Armas C, Padilla FM, Pugnaire FI (2011) Climatic change and rainfall patterns:
effects on semi-arid plant communities of the Iberian Southeast. J Arid Environ 75:1302–1309.
https://doi.org/10.1016/j.jaridenv.2011.04.022

Montalvo J, Casado MA, Levassor C, Pineda FD (1993) Species diversity patterns in
Mediterranean grasslands. J Veg Sci 4:213–222. https://doi.org/10.2307/3236107

Moreira F, Beja P, Morgado R et al (2005) Effects of field management and landscape context on
grassland wintering birds in Southern Portugal. Agric Ecosyst Environ 109:59–74

Noy-Meir I, Gutman M, Kaplan Y (1989) Responses of mediterranean grassland plants to grazing
and protection. J Ecol 77:290–310

Pausas JG (1999) Mediterranean vegetation dynamics: modelling problems and functional types.
Plant Ecol 140:27–39

Pinto-Correia T (2000) Future development in Portuguese rural areas: how to manage agricultural
support for landscape conservation? Landsc Urban Plan 50:95–106

Pinto-Correia T, Godinho S (2013) Changing agriculture—changing landscapes: what is going on
in the high valued montado. In: Agriculture in mediterranean Europe: between old and new
paradigms. Emerald group, pp 75–90

Plieninger T, Gaertner M, Hui C, Huntsinger L (2013) Does land abandonment decrease species
richness and abundance of plants and animals in Mediterranean pastures, arable lands and
permanent croplands? Environ Evid 2:3. https://doi.org/10.1186/2047-2382-2-3

Plieninger T, Hui C, Gaertner M, Huntsinger L (2014) The impact of land abandonment on species
richness and abundance in the Mediterranean Basin: a meta-analysis. PLoS One. https://doi.
org/10.1371/journal.pone.0098355

186 H. Castro and P. Castro

pcastro@ci.uc.pt

http://dx.doi.org/10.1007/s10980-015-0241-1
http://dx.doi.org/10.1007/s10980-015-0241-1
http://dx.doi.org/10.1016/j.agsy.2016.07.017
http://dx.doi.org/10.1016/j.agee.2013.06.014
http://dx.doi.org/10.1111/gfs.12161
http://dx.doi.org/10.1016/j.jnc.2016.07.003
http://dx.doi.org/10.1111/avsc.12013
http://dx.doi.org/10.1016/j.jaridenv.2011.04.022
http://dx.doi.org/10.2307/3236107
http://dx.doi.org/10.1186/2047-2382-2-3
http://dx.doi.org/10.1371/journal.pone.0098355
http://dx.doi.org/10.1371/journal.pone.0098355


Roxo MJ, Mourão JM, Casimiro PC (1998) Políticas agrícolas, mudanças de uso do solo e
degaradção dos recusros naturais

Runting RK, Bryan BA, Dee LE et al (2017) Incorporating climate change into ecosystem service
assessments and decisions: a review. Glob Chang Biol 23:28–41. https://doi.org/10.1111/gcb.
13457

Sardans J, Peñuelas J (2013) Plant-soil interactions in Mediterranean forest and shrublands:
impacts of climatic change. Plant Soil 365:1–33

Sá-Sousa P (2014) The Portuguese montado: conciliating ecological values with human demands
within a dynamic agroforestry system. Ann For Sci 71:1–3. https://doi.org/10.1007/s13595-
013-0338-0

Schnabel S, Gómez Gutiérrez A, Lavado Contador JF (2009) Grazing and soil erosion in dehesas
of SW Spain. Adv Stud Desertif 725–728 (732)

Scocco P, Piermarteri K, Malfatti A et al (2016) Effects of summer rainfall variations on sheep
body state and farming sustainability in sub-Mediterranean pastoral systems. Spanish J Agric
Res 14:4–7. https://doi.org/10.5424/sjar/2016143-9230

Sequeira EM (1997) As pastagens, a nova PAC e o Ambiente no Alentejo. Pastagens e Forragens
18:49–74

Sequeira EM (2002a) O uso das lamas de ETAR no combate à Desertificação—O caso do
“Projecto Piloto de Combate à Desertificação’’ da LPN. Apresentado no Painel 3- Valorização
Agrícola de Lamas do Simposium Gestão e Valorização de Lamas de ETA’s e ETAR’s em
Portugal, organizado pela APDA e APEA no Forum Lisboa, em 27 e 28 de Outubro

Sequeira EM (2002b) O “Projecto Piloto de Combate à Desertificação” da LPN. O uso de lamas de
ETAR no combate à Desertificação e na recuperação de solos degradados. Apresentado no
Encontro Anual da Sociedade Portuguesa da Ciência do Solo—Sistemas de Uso da Terra,
Ordenamento do Território e Ambiente, na Escola Superior Agrária de Ponte de Lima, de 5 a 7
de Setembro

Sequeira EM (2004) Um exemplo português de recuperação da “terra”—Campo Branco”. In:
Louro V (ed) Desertificação. Sinais, Dinâmicas e Sociedade Instituto Piaget, pp 153–164

Serrão J (1963) Dicionário de historia de Portugal. Iniciativas Editoriais, Lisboa
Sternberg M, Gutman M, Perevolotsky A et al (2000) Vegetation response to grazing management

in a Mediterranean herbaceous community: a functional group approach. J Appl Ecol 37:224–
237

Teixeira RFM, Proença V, Valada T et al (2014) Sown biodiverse pastures as a win-win approach
to reverse the degradation of Mediterranean ecosystems. EGF 50 Futur Eur grasslands Proc
25th Gen Meet Eur Grassl Fed Aberystwyth, Wales, 7–11 Sept 2014 258–260

Ulbrich U, Lionello P, Belušic D, et al (2012). Climate of the Mediterranean: synoptic patterns,
temperature, precipitation, winds, and their extremes. In: Lionello P (ed) The climate of the
mediterranean region: from the past to the future. Elsevier, pp 301–346

Varela E, Robles-Cruz AB (2016) Ecosystem services and socio-economic benefits of
Mediterranean grasslands. In: Kyriazopoulos A, López-Francos A, Porqueddu C, Sklavou P
(eds) Ecosystem services and socio-economic benefits of Mediterranean grasslands. CIHEAM,
pp 13–28

Vázquez-de-Aldana García-Ciudad, Pérez-Corona García-Criado (2000) Nutritional quality of
semi-arid grassland in western Spain over a 10-year period: changes in chemical composition
of grasses, legumes and forbs. Grass Forage Sci 55:209–220. https://doi.org/10.1046/j.1365-
2494.2000.00217.x

Vázquez-De-Aldana BR, García-Ciudad A, García-Criado B (2008) Interannual variations of
above-ground biomass and nutritional quality of Mediterranean grasslands in Western Spain
over a 20-year period. Aust J Agric Res 59:769–779. https://doi.org/10.1071/AR07359

Mediterranean Marginal Lands in Face of Climate … 187

pcastro@ci.uc.pt

http://dx.doi.org/10.1111/gcb.13457
http://dx.doi.org/10.1111/gcb.13457
http://dx.doi.org/10.1007/s13595-013-0338-0
http://dx.doi.org/10.1007/s13595-013-0338-0
http://dx.doi.org/10.5424/sjar/2016143-9230
http://dx.doi.org/10.1046/j.1365-2494.2000.00217.x
http://dx.doi.org/10.1046/j.1365-2494.2000.00217.x
http://dx.doi.org/10.1071/AR07359


Sustainable Food Systems in Culturally
Coherent Social Contexts: Discussions
Around Culture, Sustainability, Climate
Change and the Mediterranean Diet

F. Xavier Medina

Abstract In the developed countries, the large number of industrial processes and
transformations of all kinds that food goes through before reaching the consumer
generates in the latter a blind mistrust towards it. Actually, we can find an
increasingly important movement from civil society, asking for more attention to be
paid to local food and the sustainability of ecosystems and landscapes, in a context
where climate change troubles are taking a leading role. In the Mediterranean basin,
and from a local point of view and as a model of proximity consumption,
Mediterranean food and diet can be a sustainable resource for the Mediterranean
area. But this challenge requires a big effort and a very active and committed role of
the public sector, combined with the private action.

1 Introduction

Food systems are changing rapidly all around the world. In the developed countries,
well-provided with food, we can find a larger production and distribution of
products at an industrial level and a more fluid access to a large amount of food by
the public, at much more accessible prices. In this sense, the large number of
industrial processes and transformations of all kinds which food goes through
before reaching the consumer generates in the latter a blind mistrust towards it
(Medina 2015). More and more often, people pursue going to concepts such as
“sustainable”, “traditional”, “local”, “organic” “bio”…, at the same time that green
and ethical information schemes could become much more in line with the
reflective nature of green, political consumers (Boström and Klintman 2009).

On the other hand, we know that there is growing evidence of the diets cost for
the environment (including climate change), society and public health nutrition
(Bottalico et al. 2016). The sustainability of dietary patterns has emerged in the
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last years as a public health nutrition challenge (Buttriss and Riley 2013; O’Kane
2012) as well as within the international debate on sustainability (Burlingame and
Dernini 2011), food security and nutrition (Berry et al. 2015; FAO 2013a, b;
Garnett 2013) and climate change (FAO 2016).

Finally, we also know that food and eating behaviours in general fall within the
framework of the societies that produce and recreate them, and therefore within
specific sociocultural systems (Medina 1996). Different (and more accelerated than
ever) socio-cultural and economic factors such as urbanization, globalization,
production, changes in gender or intergenerational relationships, organization of
working time… have had important effects on lifestyles, leading also important
changes in food patterns and behaviour.

This international debate has also emerged in the Mediterranean area, where one
of the most important challenges is still food and nutrition security (FAO 2012a, b),
but also sustainability (Burlingame and Dernini 2011) or cultural coherency and
food heritage (Medina 2009). Enhancing the transition towards more sustainable
food systems in the Mediterranean area requires a development of holistic
approaches within different spheres and arenas of agriculture, economy, culture and
lifestyle, environment, climate change, nutrition and health (Bottalico et al. 2016).
This is crucial for designing cross-sectorial policy instruments allowing the
improvement of the sustainability of the diets and food systems (Adinolfi et al.
2015).

1.1 What Is a Sustainable Diet?

The incorporation of sustainability issues into the International agri-food and
nutritional agenda has been increasingly discussed over the last decades. The
concept of sustainable diets acknowledges the interdependencies of food production
and consumption with food requirements, and nutrient recommendations (Dernini
et al. 2016), and at the same time, expresses the notion that food (including pro-
duction, distribution, and consumption, social and cultural aspects, health, or
economy, among others) cannot work separately from that of ecosystem.

As FAO has highlighted in today’s most accepted definition of sustainable diets,
established after the International Scientific Symposium on Biodiversity and
Sustainable Diets united against Hunger: “Sustainable diets are protective and
respectful of biodiversity and ecosystems, culturally acceptable, accessible, eco-
nomically fair and affordable; nutritionally adequate, safe and healthy; while
optimizing natural and human resources” (Burlingame and Dernini 2011). After this
main definition, some authors, like Jonston et al. (2014) adds that sustainable diets
must be also culturally sensitive and acceptable.

As in different other fields and items, cultural aspects have traditionally been
neglected, observed only as subservient or complementary to other, more important
items. Even after the declaration by UNESCO of the Mediterranean Diet as
intangible cultural heritage of the Humanity, definitions of diet, sustainable diets,
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or the Mediterranean Diet—even the more open ones; even those drafted by
supranational institutions—continue to relegate to the background those aspects
more closely linked to culture. In this chapter, we will focus on the social and
cultural perspective of food and its relationship with diets, territories, sustainability
and climate change.

1.2 Climate Change and Sustainable Food Production

Experts warn that climate change is real and it is already happening. Since the
1950s, the global temperature of the atmosphere and oceans has increased, the
volume of snow and ice have diminished, sea level has risen and heavy rains have
increased (IPCC 2014). The agricultural production is being negatively affected by
higher temperatures, greater frequency of heat waves, changes in the frequency and
quantity of rainfall, frequency of droughts, rising sea levels and salinization of
agricultural land and aquifers. Therefore, it will become more difficult and more
expensive to grow, raise animals, managing forests and fish in the same places as
before (FAO 2016).

The models predict that climate change, combined with the expected increase of
food request, will affect food security, reducing biodiversity and the availability of
water, and loosing nutritional value of some crops due to the impoverishment of the
soil (IPCC 2014).

Together with a greater awareness of this effect, the interest in sustainable diets
has raised. Already in 2008, the Report of the FAO Regional Conference for
Europe made important statements about sustainable diets: “that the goal of
increased global food production, including biofuels, should be balanced against the
need to protect biodiversity, ecosystems, traditional foods and traditional agricul-
tural practices”. On the other hand and also under the umbrella of the FAO, in 2010,
a common scientific position was reached on the definition of “sustainable diets”:
“Sustainable diets are those diets with low environmental impacts which contribute
to food and nutrition security and to healthy life for present and future generations.
Sustainable diets are protective and respectful of biodiversity and ecosystems,
culturally acceptable, accessible, economically fair and affordable; nutritionally
adequate, safe and healthy; while optimizing natural and human resources” (FAO
and Bioversity 2012).

Supply chains are complex and varied, and food supply chains are especially
challenging because of seasonality, freshness, spoilage, and sanitary considerations.
As Wakeland et al. (2012: 233) pointed out, the transportation-related carbon
footprint varies from a few percent to more than half of the total carbon footprint
associated with food production, distribution, and storage, measuring
transportation-related carbon footprint involves careful choice of the scope of the
analysis, and there is much uncertainty in the results.

Nevertheless, reducing food losses and waste, and promoting a transition to
more sustainable diets, can also deliver emissions reductions and contribute to
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global food security (FAO 2016). The footprint of local production and con-
sumption seems to be low, less aggressive with the environment and acting in
favour the social, cultural and economic development of the local societies.

1.3 The Case of the Mediterranean Diet

Within the international debate on a shift towards more sustainable food systems
and diets, interest in the Mediterranean diet as a model of a sustainable dietary
pattern seems to be increased. The notion of the Mediterranean diet has undergone a
progressive evolution over the past 60 years—from a coronary healthy dietary
pattern to the present model of a sustainable diet (Dernini et al. 2016).

Even if many studies have shown that the Mediterranean Diet seems to have a
lower environmental impact than other dietary patterns (Tilman and Clark 2014;
Heller et al. 2013) in the Mediterranean area, and some experts agrees also that the
Mediterranean Diet as a model should provide more environmental benefits in the
Mediterranean region, characterized by an increasing water scarcity (Capone et al.
2013), it is also true that Mediterranean diets are not homogeneous, and of course
there are not all the same in what regards environmental sustainability, and the
differences between meat/fish-based and plant-based diets.

The urban-rural dichotomy or the socioeconòmic differences among the coun-
tries of the region plays also an important role to have in mind. The water footprint
of consumption, for example, varies greatly among the different countries of the
region. About 91% of the regional water footprint of consumption is due to agri-
cultural products consumption (Hachem et al. 2016). The increase in food demand
will have effects on the volumes of water used for irrigation. Meat, dairy products
and wheat represent more than a half of the water footprint of food supply in
Mediterranean countries (Lacirignola et al. 2014). Nevertheless, Roberto Capone
et al. (2013) analysed the case study of the environmental cost for Italy, in terms of
water consumption, of non-adherence to the Mediterranean dietary pattern by
comparing the estimated water footprint of the traditional diet and that of the current
dietary pattern: the result was that the latter is about 70% higher than that of the
“ideal” diet.

But even if ideally acceptable, this intended sustainability has not only an
environmental dimension, but also social and cultural. A seasonal consumption of
fresh and local products, diversity of foods, traditional dishes, conviviality, repre-
sent the cornerstone of conserving the Mediterranean diet heritage. Until the pre-
sent, the Mediterranean diet has been observed as a healthy model of medical
behaviour. Nevertheless, and after its declaration as a Cultural Heritage of
Humanity at UNESCO, the Mediterranean diet is actually being (and must be)
observed as a part of Mediterranean culture, and opening the concept as an
equivalent of the Mediterranean cultural food system or Mediterranean culinary
system (Medina 2009, 2015; Dernini et al. 2016).
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The Mediterranean Diet was inscribed in 2010 on the UNESCO’s
Representative List of Intangible Cultural Heritage of Humanity as “a set of skills,
knowledge, practices and traditions ranging from the landscape to the table,
including crops, harvesting, fishing, conservation, processing, preparation and,
particularly, consumption of food […]. This unique lifestyle determined by the
Mediterranean climate and space, is also shown through the associated festivities
and celebrations” (Mediterranean Diet 2010). Besides, through its social and cul-
tural functions as well as its significance, it embodies landscapes, natural resources
and associated occupations as well as the fields of health, welfare, creativity,
intercultural dialogue and at the same time values such as hospitality or convivi-
ality, sustainability or biodiversity (Serra-Majem and Medina 2016).

After this definition, the Mediterranean diet is a concept that tries to embrace
biodiversity, sustainability, quality, palatability, health and cultural heritage.
Safeguarding the Mediterranean diet should be the driving force behind responsible
sustainable consumption (González Turmo and Medina 2012). From a local,
Mediterranean point of view, and as a model of proximity consumption,
Mediterranean foods and diets can be a sustainable development resource for the
Mediterranean area (Medina 2011).

Consumption, as part of the Mediterranean diet, cannot be separated from pro-
duction, distribution or other social and cultural factors that have built historically
around food in the Mediterranean region. In this sense, the Mediterranean diet is not
simply a set of healthy nutrients, but a complex web of cultural aspects that depend
on each other and lead from nutrition to the economy, through law, history, politics
or religion. This point of view has to be highlighted in future discussions about the
Mediterranean diet, its challenges and its future perspectives.

1.3.1 Culturally “Coherent”, More Than Culturally “Acceptable”

As in different other fields and items, cultural aspects have traditionally been
neglected, observed only as subservient or complementary to other, more important
items. Even after the declaration by UNESCO of the Mediterranean Diet as intangible
cultural heritage of the Humanity, definitions of diet, sustainable diets, or the
Mediterranean Diet—even the more open ones; even those drafted by supranational
institutions—continue to relegate to the background those aspects more closely
linked to culture. In this sense: Sustainable diets are protective and respectful of
biodiversity and ecosystems, culturally acceptable,1 accessible, economically fair and
affordable; nutritionally adequate, safe and healthy; while optimizing natural and
human resources (FAO 2011; Burlingame and Dernini 2011). Jonston et al. (2014)
adds that food must be culturally sensitive and acceptable.

But, more than “acceptable”, food (but not only) must be culturally “coherent”
(Medina 2015). The Cambridge Dictionary (online edition) defines “acceptable” as:

1Our italics.
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“satisfactory and able to be agreed to or approved of”, or simply “just good enough,
but not very good”. In this sense, if something must be agreed or approved, usually
it is because it is not taking part of the system itself, and must be accepted from the
outside. Or, as the second of the meanings cited above explains very well, it is “just
good enough, but not very good”.

On the other hand, something “coherent”: “it is clear and carefully considered,
and each part of it connects or follows in a natural or reasonable way”. In this sense,
many things may be acceptable, but very few are coherent. From a local and
sustainable point of view, in addition, betting on the cultural “acceptability” of a
food can open up too much the spectrum of what is acceptable as edible. But its
cultural coherence within a system appeals to other aspects that have nothing to do
with what is simply acceptable.

2 Conclusion

The Mediterranean Diet is equivalent of Mediterranean culinary system. A broader
knowledge and promotion of this reality as a system would make a significant
contribution to greater sustainability and footprint of Mediterranean food produc-
tion and consumption in the Mediterranean area, in addition to other possible and
well-known benefits.

Local production and consumption seems to have a lower environmental foot-
print and acts in favour the social, cultural and economic development of the local
societies. In this sense, local production and consumption act in favour of a greater
sustainability and a lower environmental footprint, but also in favor of a greater
conservation of heritage and cultural coherency (from the field to the plate).

In this sense, we reviewed the definition of the Mediterranean Diet as a whole,
inclusive and interdependent subject. From this point of view, none of the particular
elements that compose this heritage must be considered separately or individually:
from the production to the consumption; from the origin to the eventual recycling.

From a local Mediterranean point of view and as a model of proximity con-
sumption, Mediterranean food and diet can be a sustainable resource for the
Mediterranean area.
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Multifunctional Urban Agriculture
and Agroforestry for Sustainable Land
Use Planning in the Context of Climate
Change in Serbia

Jelena Živanović Miljković and Tijana Crnčević

Abstract Faced with the various developments and modern lifestyle trends of
urban dwellers toward healthy food and closer contact with nature, people in urban
areas have evolved extensive forms of urban agriculture and agroforestry to meet
their needs. Urban agriculture and agroforestry systems, as a part of multifunctional
landscapes, have various positive effects (they support urban climate amelioration
and short food chains, provide fresh food, contribute to urban economic growth,
conserve biodiversity, and have therapeutic qualities). However, competing land
use needs and the high value of land in urban areas are the major challenges for the
development of urban agriculture and agroforestry. In this chapter, the authors
analyse urban agriculture and agroforestry as multifunctional and sustainable land
use options for urban areas in Serbia. Through selected case studies, the authors
give an overview of the physical, planning and institutional capacities for urban
agriculture and agroforestry development in Serbia. The authors also identify trends
in urban agriculture and agroforestry within the context of the impact of climate
change on multifunctional landscapes.

Keywords Urban agriculture and agroforestry � Multifunctional land use
Climate change � Sustainable land use planning � Serbia

1 Introduction

Multifunctional agriculture (MFA) has become an important topic in international
political and scientific discourse, extensively propounded in Europe. As a land use,
agriculture is multifunctional, offering both commodity (food and fibre) and
non-commodity outputs, such as environmental and rural amenities, food security
and contribution to rural viability (Maier and Shobayashi 2001). Multifunctional
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land use is related to multiple concepts, with strong links to the concept of sus-
tainability (Maier and Shobayashi 2001; OECD 2001; Piorr et al. 2006; Turpin
et al. 2010, etc.). While sustainability is a resource-oriented, long-term and global
concept, multifunctionality is an economic activity-oriented concept that refers to
specific properties of the production process [emphasising joint production (e.g.
Turpin et al. 2010; OECD 2001)] and its multiple outputs (Maier and Shobayashi
2001). Hence, the multifunctional role of agriculture is understood as the range of
associated environmental, economic and social functions of agriculture, as fol-
lowing the concept of sustainability (Silber and Wytrzens 2006: 31; Piorr et al
2006: 48; Zasada 2011, etc.).

Urban agriculture (UA) is a broad term which is defined as the growing, pro-
cessing and distribution of food and other products through intensive plant culti-
vation (nonfood plant and tree crops) and animal husbandry in and around cities
(Urban Agriculture Committee of the Community Food Security Coalition 2003: 3;
Mougeot 2006: 4), e.g. on urban and peri-urban land. That is why the main chal-
lenge and opportunity in recent planning practice has been to design urban agri-
culture spaces to be multifunctional, matching the specific needs and preferences of
local residents, while also protecting the environment (Lovell 2010). In that sense,
UA should be viewed as a tool1 contributing to sustainable urban development
(Mougeot 2006: 10; Zivanovic Miljkovic et al. 2012). However, despite the
growing interest in UA because of its enormous benefits for individuals and
communities, it has been documented that urban agriculture is largely ignored in
urban and regional planning (Lovell 2010) and agricultural policy (FAO 2008).

On the other hand, agroforestry (AF) combines the best practices of tree growing
and agricultural systems, resulting in more sustainable use of land. It is defined as
the collective name for land use systems and technologies where woody perennials
(trees, shrubs, palms, bamboos, etc.) are deliberately used on the same land man-
agement units as agricultural crops and/or animals, in some form of spatial
arrangement or temporal sequence (Nair 1994: 14; FAO 2013). Three main types of
AF are recognized: (1) agrisilvicultural systems which represent a combination
of crops and trees; (2) silvopastoral systems where forestry and the grazing of
domesticated animals on pastures, rangelands or on-farm is combined; and
(3) agrosylvopastoral systems where trees, animals and crops are integrated.

The integration of agriculture and forestry can provide numerous benefits,
because the land can simultaneously be used for many purposes and also make
easier the transition from one type of crop to another as the market demands (Drazic
et al. 2013: 867). AF provides various benefits: (a) helps protect and sustain
agricultural productive capacity; (b) ensures food diversity and seasonal nutritional
security; (c) diversifies rural incomes and enhances productivity; (d) strengthens
resilience to climatic fluctuations; (e) helps perpetuate local knowledge and social

1In Africa, UA is largely seen as a socio-economic problem, resulting from a failure to adequately
address rural development needs (Mougeot 2006), while in most other examples it is viewed as a
sustainable land use solution.
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and cultural values; (f) often contributes to climate change mitigation; (g) supports
biodiversity within the ecosystem; (h) contributes to the landscape characteristic,
and this increase provides opportunities for recreational uses (Nair 1994: 153;
Kandji et al. 2006: 23; Verchot et al. 2007: 901; FAO 2013; Drazic et al. 2013).

Multifunctional landscape approaches are increasingly applied to agroecosys-
tems, but also in sustainable planning of urban ecosystems (Lovell and Taylor
2013). Urban agriculture and agroforestry systems, as a part of multifunctional
landscapes (Silber and Wytrzens 2006; Lovell and Taylor 2013, etc.), provide
various positive effects such as food security, economic benefits, health and well-
ness, environmental benefits, neighborhood revitalization, fresh food, and short
food chains.

Urban and especially peri-urban agriculture is confronted with disadvantages
(e.g. increased competition for land) as well as advantages (e.g. larger market)
caused by urbanization (Van Huylenbroeck et al. 2005). There is a high degree of
land use transition and conversion for urban purposes (housing, commercial
development), so land use planning represents the mechanism that has an impact on
the reduction of pressure on land resources2 (Zivanovic Miljkovic et al. 2012).
Hence, Lovell (2010: 2511) argues for integrating UA directly into the planning of
green infrastructure (GI) in cities,3 even though UA features (e.g. allotment gar-
dening, community gardening) are not always given the same level of importance
as other open green space (Lovell 2010).4

Further, urban agriculture and agroforestry have to compete in the land market
with other non-agricultural land uses5 that provide greater profit for the landowner.
Therefore, land speculation is very common in urban and peri-urban areas, where
there is a strong financial incentive for farmers to sell land for purposes of urban
development (Zasada 2011: 640).

With these issues in mind, in this chapter the authors perceive and document the
current state of physical, planning and institutional capacities for urban agriculture
and agroforestry development in Serbia through the prism of two key research
concepts—multifunctionality and sustainability. At the same time, the authors
perceive trends in urban agriculture and agroforestry in the context of climate
change-impacts on their role in multifunctional landscapes. In three case studies the
authors show UA and AF application in Serbia and stress the positive role of urban

2Advanced and integrated land use, planning and natural resource management have a critical role
in reducing non-adequate soil use (Zivanovic Miljkovic 2008).
3Lovell and Taylor (2013: 1488) document that the loss of agriculture will place greater pressure
on urban green spaces, so urban GI will have a critical role to play in various functions, e.g.
‘ecosystem services’.
4As a result, although there are thousands of community gardens across North America, only a few
cities include them in their urban development plans and fewer still protect these features through
zoning (Hou et al. 2009 according to Lovell 2010).
5In Denmark, for example, protection against land use change depends on the status of allotment
gardens because legal regulation ensures that the majority of Denmark’s allotment gardens, mainly
state-owned, are permanent (Drilling et al. 2016).
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planning in such applications. Hence, this chapter presents a complementing
research of UA and AF from a spatial/urban planning viewpoint, which can be
considered as its main contribution.

1.1 Methodological Approach

Based on background analysis and review of the relevant literature, the authors give
an overview of viewpoints and definitions of the multifunctionality and sustain-
ability of agriculture and agroforestry. Next, the general context of agriculture and
agroforestry in terms of climate change in Serbia is reviewed. The authors apply a
comprehensive and in-depth analysis of the national institutional framework of
agriculture and agroforestry policies in Serbia, with special reference to aspects of
climate change. This approach is based on comparative and critical law analysis, as
well as on the current strategic documents of national importance that direct the
planning practice. This is followed by a review of the multifunctional and sus-
tainable role of agriculture and agroforestry within existing planning practice in
Serbia. Although sustainable land use has a good institutional background, this
overview paper indicates legal constraints that do not fully recognize UA and AF as
sustainable and multifunctional land use options in Serbia. At the same time, the
authors stress the positive role of spatial/urban planning in promoting UA and AF
as sustainable land use.

2 General Context of Agriculture and Agroforestry
in Terms of Climate Change in Serbia

Although AF has a long tradition—over 6000 years, and is seen today as a measure
that falls within environmental protection, the implementation of sustainable
development and climate change, it is insufficiently applied in Serbia and its region
(Drazic et al. 2013). In Serbia, AF is not applied in a systematic, organized way or
across large areas, but sporadically, intuitively and by smaller households (Ibid.,
868), mainly due to an inadequate and, primarily, legal and planning basis. Thus, in
the province of Vojvodina AF wind protection belts are present whose role is,
primarily, to prevent the dispersal of land and prevent wind erosion while, at the
same time, to improve the quality and yield of crops.

Regarding the development of renewable energy sources (RES) the main pre-
conditions are given within the National Action Plan for renewable energy sources
of the Republic of Serbia (NAPRES) and further in the National Strategy for the
inclusion of the Republic of Serbia in the Clean Development Mechanism (CDM)—
waste management, agriculture and forestry, which introduce the framework for
projects for, among others, biomass utilization. Biomass as RES defines it is the
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“biodegradable fraction of products, waste and residues of biological origin from
agriculture (including vegetal and animal substances), forestry and related indus-
tries, as well as the biodegradable fraction of industrial and municipal waste”
(article 2 of the Law of Energy).

It is important to stress that “this type of biomass is not specifically considered
and singled out as the potential of biomass from forestry and agriculture” within
official data regarding the potentials of Republic of Serbia in RES (Crncevic et al.
2016a: 231). Further, the legal framework (Law on Energy) does not provide
adequate conditions for their cultivation (Ibid.). However, the potential for biomass
production—agroforestry is seen within unused arable land—250,000 ha or 4.9%
of the total arable land for which there is no special plan to be used for energy
purposes (RS 2013). Also, raising forest plantations of fast growing species is found
to be the most frequently applied measure within for re-cultivation of degraded land
of mining or other activities, such as are ongoing projects—growing of poplar and
willow within the process of re-cultivation of “Kolubara”mining basin or reed
Miscanthus (Miscanthus giganteus) on landfill of ash and slag in Veliki Crljeni
within thermal power plant “Nikola Tesla B”, etc. (RB Kolubara 2012; Jurekova
and Drazic 2011, etc.).

The significance of AF in the context of climate change6 is of great importance.
Thus, the establishment of protective field belts could reduce treated areas and thus
influence the reduction of fuel consumption, pesticides and fertilizers, so that from
an economic standpoint it is cost-effective, providing higher yields and lower costs.
It should also be noted that AF can be classified within CDM projects—in Serbia
approved projects include new afforestation of bare land, production of biomass,
etc. (E-kapija 2010).

Climate changes that for Serbia include an increase in temperature as well
changes within the precipitation regime will cause a more frequent occurrence of
drought so that the sites with the most favorable bioclimatic conditions in the period
2071–2100 will correspond to the sites that had the least favorable conditions in the
20th century (RS 2017). With the aim of adapting forest ecosystems, as adaptation
measure, among others, are changes promoted within management practices and
raising public awareness of the multiple ecosystem services provided by forests
and, as well, on their multifunctionality (Ibid.).

The main preconditions for the inclusion of the climate change issue within
spatial and urban planning are given by the Spatial Plan of the Republic of Serbia
followed by the set of laws covering planning (Law on planning and construction),
environmental and nature protection (Law on Environmental Protection, Law on

6In Serbia, special efforts are directed towards the harmonization of policy development with
respect to the issue of climate change. As a signatory of the established global framework—the
Kyoto Protocol, The United Nations Framework Convention on Climate Change (UNFCCC), as
well the most recent Paris Agreement as a result of the 21st Conference of the Parties of the United
Nations Framework Convention on Climate Change (UNFCCC) (Serbia is among 194 countries
that have signed, although it has still not ratified) (UNFCCC 2017) necessary reforms are being
implemented continuously.
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Nature Protection, Law on Strategic Environmental Assessment, Law on
Environmental Impact Assessment).

It should be stressed that Serbia, following the Kyoto Protocol, as a member of
the group of non-developing countries (non-Annex I countries) can use one of the
three marker-based mechanisms—CDM without obligation for greenhouse gas
reduction. Within the CDM project, so far, the most represented is the project for
biomass production (E-kapija 2010).

Regarding climate change, the strengths that are stressed within current planning
practice are the presence of measures such as developing ecological networks,
increasing protected areas, ecosystem protection, monitoring invasive species, and
planning measures for their suppression, while the main limitations are found
within missing data regarding the impacts of climate change (Crncevic 2013;
Crncevic et al. 2016b).

3 Institutional Framework for Sustainable Land
Use in Serbia

The Republic of Serbia, in accordance with its European integration process, con-
tinuously carries out activities aimed at the innovation of the strategic, legislative and
planning framework. The national development policy defined by strategies, aims to
establish the basic conditions for the implementation of the global adopted strategy
of sustainable development—National Strategy for Sustainable Development and
Action Plan for the period 2009–2017, National Strategy for Sustainable Use of
Natural Resources and Properties, Biodiversity Strategy for the period 2011 to
2018, as well as environmental protection—National program of Environmental
Protection for the period 2010–2019 and climate change adaptation—National
Strategy for inclusion of Serbia within the clean development mechanism (CDM),
and others. Coordinated operation of agricultural policy and environmental policy in
the field of sustainable land use,7 as well as the inclusion of these actions in spatial
development policy is characterized as necessary.

3.1 Agriculture

As defined by the Law on Agricultural Land, agricultural land is a resource of
public interest to the Republic of Serbia, which is used for agricultural production.

7As a multiple resource, land is managed through land policy, concerning key issues regarding
sustainable use, regulation (land use planning), security and equitable distribution of land rights
and access to land, including the forms of tenure under which it is held (Zivanovic Miljkovic and
Popovic 2014).
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The Spatial Plan of the Republic of Serbia, as the primary planning document that
sets out a long-term basis for the organization, development, use and protection of
space, recognizes the sustainable use and protection of natural resources as the main
objectives of planned development of the country. Among these objectives, the
priority is the protection of agricultural land and the conservation of its biodiversity
for food production, which is threatened by the expansion of settlements, mining
activities, industry, and greenfield investments. The key measure is to prevent
uncontrolled and irrational coverage of quality agricultural land buildings, primarily
control of the scope and structure of a greenfield investment.

The protection of agricultural land as a basic natural resource for food pro-
duction is a priority given by all strategic documents. The Law on Agricultural
Land prohibits the use of arable land of the highest quality for non-agricultural
purposes, except in cases stipulated by law and in cases when public interest is
determined (e.g. when an urban plan has such stipulations), with the payment of
compensation for land use changes.

The strategic objectives of sustainable land use are defined by the National
Strategy for Sustainable Development of the Republic of Serbia and relate to the
prevention of further loss of land and the preservation and improvement of its
quality, as well as the prevention of environmental degradation and changes in land
use and agricultural land. Efficient land management and the increase of the
availability of land resources are the key elements of the agricultural policy of
Serbia and the priority areas of policy changes in the future. The Strategy for
Agriculture and Rural Development of the Republic of Serbia 2014–2024 advocates
for a higher degree of agricultural land use, more efficient land use of poor quality
or non-arable agricultural land, and the controlled re-appropriation of agricultural
land.

In terms of management of agricultural land in private ownership, it is provided
that the owner or user of agricultural land is required to cultivate arable land
regularly and to implement appropriate measures. Arable land that is not cultivated
in the preceding vegetation period may be leased to the competent Ministry for a
period of up to three years, with payment of rent to the land owner, and after
deduction of the costs of the proceedings. The main objectives of agricultural land
in public ownership as the efficient use of the land in accordance with the principles
of sustainability, increasing possession of farms and the enlargement of the parcels.
Agricultural land in public ownership is managed by the competent Ministry, it
cannot be sold, but it can be used in procedures such as: (a) the lease for a period of
one to 40 years; (b) making it available for use at no charge; (c) transfer of the
ownership right between public agencies, organizations and public enterprises.

According to the Republic of Serbia Treasury data, in 2012 in the register of
agricultural holdings 2480 million hectares were registered, of which the leased was
773,603 ha. Of this, about 40% of agricultural land is state owned. On the basis of
these data, The Strategy of Agriculture and Rural Development of the Republic of
Serbia (2014: 18) assesses that the market of agricultural land, in terms of the lease,
is active.
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The Law on Incentives in Agriculture and Rural Development predicts
agro-environmental measures will support and obliges users of incentives to respect
regulations governing environmental quality standards and the protection of public
health, animal and plant health, animal welfare and agricultural land.

3.2 Agroforestry and Green Infrastructure

The Forestry Development Strategy promotes the role of forests in the context of
climate change mitigation and supports their continuous improvement. Recognizing
the multifunctionality of forests, the Strategy encourages the promotion of coop-
eration with other sectors (such as agriculture and tourism), as well with the wider
public with an aim of using other resources of forest areas and, especially, high-
lights the importance of intensive forest plantations as renewable energy sources.

Regarding agroforestry, it should be stated that within the legal framework the
main preconditions are given within the Law on Forests. However, within the Law
the term agroforestry is not applied. AF support is contained in Article 5 where
“under trees forest nurseries within the forest complex and seed orchards are con-
sided, as well as protective belts of trees with an area greater than 5 acres”. Further,
the Law indirectly provides the main preconditions for the production of fast
growing forests by establishing the functions and purposes of forests—economic and
forests with special purposes. Article 33 allows “for the planting of forest tree species
for short production within runs of up to ten years and intended for production of
certain assortments and special projects for the planting of short production cycles”.
Also, Article 52 states that razing, browsing or acorn collecting in the woods can be
done “only with the permission of the owner, i.e. the forest user, who can give
license only if grazing, browsing or acorn collecting are included within forest
management plans and if the forest is not in the recovery phase.”

Further, indirectly agroforestry, the actual growing of energy crops is promoted
within:

(1) the Spatial Plan of the Republic of Serbia by promoting RES and defining
the obligation for developing a database for regional plans of local potential within
RES; more than 200,000 ha of land near rivers and canals are found to be suitable
for energy crops; (2) the Law on Planning and Construction by promoting optimal
use of renewable energy sources; and (3) the Law on Agricultural Land as a
measure for protection of land from erosion allows the raising of protective forest
belts on agricultural land, even on land of high quality.

3.3 Resume

Previous analyses show that in Serbia a regulatory framework for the planning, use
and protection of agricultural land is established. Still, there is not an appropriate
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legal base for the planning of GI in Serbia. The basic law—the Draft law on the
Protection and Improvement of Green Areas has not been entered into procedure
yet. The existing framework for the planning of public green areas within urban and
spatial planning includes primarily the Law on the Spatial Plan of the Republic of
Serbia and the Law on Environmental Protection while the Law on Planning and
Construction establishes the basis, primarily, in the context of planning urban
infrastructure. Despite lack of a legal framework, numerous examples of good
practices that affirm the role and importance of GI are present (Crncevic et al. 2015;
Maric et al. 2015, Crncevic and Sekulic 2012; Manic et al. 2011; Crncevic and
Bakic 2008; etc.).

4 Sustainable Land Use Application at Various
Levels—Examples of Multifunctional Urban
Agriculture and Agroforestry in Serbia

4.1 Public and Institutional Green Spaces

An example of good practice in terms of innovation of GI planning is the Plan of
Detailed Regulation of Block 23 (settlement Rasadnik 2) at Bela Crkva, which
promotes the development of agriculture within green areas of mixed and
multi-family housing. The organizational concept provides an open block, with
existing multi-family buildings and a kindergarten that are freely placed in space
and separated by free and green areas. The greening of the area is based on
respecting the setting of the plan at a higher level, in this case the Master Plan of
Bela Crkva, which outlines the interconnection of green areas and their equally
distribution within the village. The scope of the plan takes into account the
established system of the green areas at the level of the Master plan, the green areas
of limited use—a green area within the complex of the kindergarten and green areas
among housing structures, as well as public green areas (street greenery). Following
the basic concept promoted by the Master Plan, greening is planned through the
participation of autochthonous woody species at 50–80%. Free surfaces—green
areas within housing areas, owned by the Municipality of Bela Crkva, allows the
local population to use it for agricultural production so that, within the unplanned
and undeveloped land, small family vegetable gardens are partly represented
(Fig. 1).

The plan provides the further use of this land for the purpose of agricultural
production as experimental gardens. In this regard, taking into account that this is a
state-owned land, there is planned revitalization and reconstruction of the area
where the Municipality will lease land to interested residents of the block. This
plan, as stated, “shows the specific application of greenery, its commercial function
as farmland—kitchen gardens, orchards and nurseries in the block” (Manic et al.
2011: 74).
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Such a planning approach represents a significant step forward in terms of
innovation of the usual planning practice system of green areas/GI. Taking into
account the fact that the current legal framework does not establish a GI planning
framework and that urban agriculture is “not recognized” within the system,
through this approach and with such planning solutions, planning, and thus the
legal base and implementation framework are provided, since the adoption of the
plan results in normative obligations.

4.2 Urban Agriculture and Agroforestry as Part
of the Green Infrastructure

The example of the town of Bor is unique as the area is characterized by its Mining
Metallurgical Basin (MMB), which covers the north-eastern part of the city and is
also the area with the largest open pit mines in Serbia. In an earlier period, within
the area of the city of Bor, the system of green areas was not established so their
development was based on the “intensive greening of open spaces and special traffic
routes and the formation of protective green belts at the contact between housing
and environmentally aggressive production.” Within current spatial and urban

Fig. 1 Agriculture on public plots in Bela Crkva (photo by B. Manic)
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planning documents, the system of green spaces-green infrastructure in Bor has
been established, including urban green areas within city building land and other
green areas outside the boundary of city building land.

The Master Plan of the City of Bor covers 1337.90 ha of the outter building land
is about 280 ha of agricultural land and 412 ha of forest land. Within other green
spaces there are woody, shrubby and herbaceous vegetation. Taking into account
the planned expansion of commercial, residential and business zones, there will be a
reduction of the existing surface area of forest and agricultural land. The basic
limitation for the sustainable use of forest and forest land is, inter alia, the high
extent of damage to the forest fund, the land, wildlife and ecosystems by the former
development of MMB, as well as the continuing tendency of drying forests due to
air pollution, the development of plant diseases, the harmful insect populations and
the strengthened impact of other threatening factors, including climate change. In
addition, there is uncertainty as to the real sources of funding due to the lack of an
efficient system of institutional and financial support for multi-purpose use of the
total forest resources at the local, regional and national level.

The plan of the use of forest land is based on the concept of integrating forestry
within the environmental policy (Fig. 2). Implementing this concept requires taking
measures that result in improving the condition of existing forests and the planting
of new forests on lands that are overgrown with shrub and other vegetation with
poor protection and economic power, as well by the establishment of plantation for
biofuel production, and in part on agricultural land with major limitations for
regular cultivation.

The Plans promote biomass plantations within the area outside the border of the
building area, covering approximately 30 ha (9% of the total surface of the land
outside the borders of building land). It should be stressed that these areas are
planned (reserved) locations for development and that further developments require
additional project development, such as conducting basic soil studies and remedi-
ation of contaminated land.

This case study shows that by providing a planning framework for biomass
production agroforestry production has the potential to offer certain incentives to
local governments regarding further development and promoting agroforestry
production.

4.3 Private Parcels in Peri-urban Area

Urban and peri-urban gardening is not a new trend in Serbia. Various forms of
urban gardens existed during the 20th century, usually private and family run,
mostly for growing flowers and medicinal and spice herbs, but also fruits trees and
vegetables. Mass apartment construction in the period of socialism did not favor
establishing gardens within the scope of the block settlements, so wealthier citizens
chose to grow their vegetables and flowers in the backyards of their weekend
houses, which were built in ecological oases in the peri-urban area (Popovic and
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Zivanovic Miljkovic 2013). In the period of post-socialist transition, since the
1990s, due to lack of money, residents illegally occupied areas of urban con-
struction land that had not been put to use, and transformed them into small
allotments, where they grew basic vegetables without soil quality control or basic
infrastructure requirements (Ibid.). Since there are no legal regulations on urban
gardens (community gardens, allotment gardens), at either the national and local

Fig. 2 Green infrastructure in peri-urban area of Bor
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level, their status is undefined as to whether they are illegal or the initiative of local
residents.

In the city of Belgrade, where strong land competition is present, private ini-
tiative has taken advantage of various benefits offering community gardening and
provided private gardening space for interested residents. In 2012 the project
“Bastaliste” in the Slanci settlement was started (10 km from the city centre), which
is the first community garden in Serbia.8 Within an area of 8.8 ha there are 22 plots
where tenants cultivate and grow vegetables under the principles of organic pro-
duction and permaculture (Bastaliste 2017).

To allow for the rational and appropriate use of agricultural land, the Strategy of
Agricultural Development of the City of Belgrade until 2015 established the leasing
free of charge of the small state owned plots as low-income family farms. The
strategic planning document, the Master Plan of Belgrade 2021 envisages devel-
opment of a program for the establishment of allotment gardens, divided into small
plots for several years’ use by individuals, under the scope of the agricultural and
rural enclaves around the city center and the other predominantly residential areas.
The results on the operationalization and implementation of these commitments
have not been registered so far (Popovic and Zivanovic Miljkovic 2013).

5 Conclusions

Starting from the fact that the literature overview has documented the various
positive functions provided by UA and AF, in this chapter the authors primarily
consider urban agriculture and agroforestry as multifunctional and sustainable land
use options and present some possibilities for planning of urban and peri-urban
areas in Serbia.

Although sustainable land use has a good institutional background in Serbia, in
this review chapter the authors indicate the legal constraints that do not fully
recognize urban agriculture and urban agroforestry as sustainable and multifunc-
tional land use options.

Still, urban planning, as a public mechanism that has impacts on sustainable land
use, could have a positive role in considered issues. Selected case studies have
shown that UA and AF can be integrated in many different forms. The lack of legal
regulations related to urban gardens, leads to the fact that only private initiative will
implement their multifunctionality. The examples also show that urban planning
has a decisive role in avoiding spatial conflicts in urban and peri-urban areas by
integrating urban agriculture and agroforestry issues into plans. Hence, processes of
spatial and urban planning should continue to consider the value of urban gardening

8Interest in the community garden concept is spreading to other cities in Serbia. The city of Sabac
is the only city in the Republic of Serbia with community gardens on a public plot. Leasing
agreements for plots are available for three years, with the possibility of extension (City of Sabac
2016).

Multifunctional Urban Agriculture and Agroforestry … 209

pcastro@ci.uc.pt



and AF, even if they are economically less valuable, primarily in terms of food
production, as well as climate amelioration.
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Abstract Alien plant species have been essential for farming and agro-forestry
systems and for their supply of food, fiber, tannins, resins or wood from antiquity to
the present. They also contributed to supporting functions and regulating services
(water, soil, biodiversity) and to the design of landscapes with high cultural and
scenic value. Some of those species were intentionally introduced, others arrived
accidentally, and a small proportion escaped, naturalized and became invasive in
natural ecosystems—these are known as invasive alien species (IAS). Here, inva-
sive means that these species have some significant negative impact, either by
spreading from human-controlled environments (e.g. fields, gardens) to natural
ecosystems, where they can cause problems to native species, or to other production
systems or urban areas, impacting on agricultural, forestry activities or human
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health. Socio-environmental impacts associated with plant invasions have been
increasingly recognized worldwide and are expected to increase considerably under
changing climate or land use. Early detection tools are key to anticipate IAS and to
prevent and control their impacts. In this chapter, we focus on crop and non-crop
alien plant species for which there is evidence or prediction of invasive behaviour
and impacts. We provide insights on their history, patterns, risks, early detection,
forecasting and management under climate change. Specifically, we start by pro-
viding a general overview on the history of alien plant species in agricultural and
agroforestry systems worldwide (Sect. 1). Then, we assess patterns, risks and
impacts resulting from alien plants originally cultivated and that became invasive
outside cultivation areas (Sect. 2). Afterwards, we provide several considerations
for managing the spread of invasive plant species in the landscape (Sect. 3). Finally,
we discuss challenges of alien plant invasions for agricultural and agroforest sys-
tems, in the light of climate change (Sect. 4).
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1 Introduction

For millennia the introduction of alien species has been part of human culture and
subsistence. The intentional cultivation of alien plant species has enhanced the local
production of food, fiber and fuel throughout the history of agriculture and agro-
forestry. Over time, this practice has inevitably lead to the selection of crop and tree
cultivars that could adapt to and thrive in new areas with compatible environmental
conditions, even if these were often distinct from those observed in the native range
(Davis and Landis 2011). Some currently traded crops were once widespread weeds
in disturbed ecosystems, characterised by particular features that make them
well-adapted and fast-growing plants outside their native range (Doebley 2006).
Similarly, a broad range of tree species that currently form the basis of many
forestry enterprises have been planted for centuries to obtain timber and other
products and services (e.g. erosion prevention; (Richardson 2011).

These long-term processes of human introductions and alien species adaptations
to novel environments have thus shaped many contemporary agricultural and
agroforest landscapes. However, current fluctuations in market demands have been
pushing the trade of alien crops beyond the limits of local-scale economies (Davis
and Landis 2011). Also, the increasing market competition for faster and higher
production of commercial wood products led to large scale afforestation with alien
tree species (Brundu and Richardson 2016). As a result, modern agriculture and
agroforestry are grounded on the regional maintenance and international trade of
many alien crops and trees (Davis and Landis 2011; Richardson 2011).

Depending on several ecological, economic, social and political factors, modern
agriculture, agroforestry and the related trade can promote plant invasions, i.e. the
spread of alien crops and trees outside their cultivation areas, leading to major
impacts on the environment and society (Richardson and Rejmánek 2011). Besides
threatening native biodiversity and ecosystems (Pysek et al. 2008; Simberloff et al.
2013), these plant invasions have been associated to drastic changes in the state of
ecosystems and of their associated social systems, with various consequences for
human culture, health and economy (Pejchar and Mooney 2009; Vaz et al. 2017).

Since invasive plants are particularly relevant in agroforestry, many cultivated
trees rank among the most problematic invasive species world-wide (Richardson
and Rejmánek 2011), leading to decreases in the production of forest resources and
respective revenues (Garcia et al. 2010; Garcia-Llorente et al. 2011). There is also
an increasing attention devoted to problematic trends of plant invasions in agri-
cultural systems (Chytrý et al. 2009). Alien agricultural crops are introduced more
frequently and at a higher abundance to new ranges, leading to higher propagule
pressure, which increases invasion risk in land surrounding agricultural landscapes.
Associated with these introductions there is also an increased unintentional transfer
of pathogens, weeds and insect pests (Davis and Landis 2011; Garcia et al. 2010).

Although many currently traded crops and trees do not show an invasion
potential or risk, some of these species may change their behaviour under climate
change, for instance through adaptive physiological responses (Davis and Landis
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2011; Krumm and Vítková 2016). Other species will profit from new climates,
resulting in new invasions (Hannah et al. 2002) with consequences to human
societies, economies and the environment. How problematic those new invasions
driven by climate change will be depends on the characteristics of the species and
on the effectiveness of invasive plant management in agricultural and agroforestry
systems and in the surrounding landscapes. It is now widely recognised that the
most time- and cost-efficient management option for potentially invasive species is
to prevent the introduction and spread of those species as early as possible (Vicente
et al. 2016; Hulme 2006; Davies and Sheley 2007).

Therefore, predicting and identifying future potentially invasive species, and
anticipating where new invasions will most likely occur (Theoharides and Dukes
2007) under scenarios of climate and landscape change, is a major challenge in
invasion science. Novel and more robust modelling tools (e.g., by means of species
distribution models; (Kolar and Lodge 2001; Shmueli 2010) are being developed in
the context of invasion risk assessment. These tools open promising avenues to
minimize undesirable consequences of potential future invasions, thereby sup-
porting efficient management that secures native biodiversity and promotes
ecosystem functioning and the resulting services (MA 2005) Theoharides and
Dukes 2007).

This chapter is organised as follows: it starts by providing a general overview on
the history of alien plant species in agricultural and agroforestry systems worldwide
(Sect. 1). Then, it focuses on the patterns, risks and impacts derived from alien
plants that were originally cultivated but became invasive outside cultivation areas
(Sect. 2). Subsequently, the chapter provides considerations for managing the
spread of invasive plant species in the broader landscape (Sect. 3). Finally, this
chapter discusses current and future challenges of alien plant invasions for agri-
cultural and agroforest systems, in the light of climate change (Sect. 4), encour-
aging the wide application of predictive models from which management strategies
can be designed to restore ecosystems structure, functions and services.

2 A Brief Historical Perspective on the Introduction
of Alien Plant Species

Agriculture arose approximately 10,000 years ago. From the main centers of origin
of Neolithic Agriculture practices, it has spread to most other regions of the world,
transporting plants with edible seeds, fruits, leaves, stems and roots to new ranges
(Mazoyer and Roudart 2006). In these new areas, introduced species together with
domesticated local species and varieties ensured the survival of settlers.
Agroforestry, i.e., the practice of cultivating tree species and agricultural crops in
intimate combination, was an integrated land use that showed several advantages
with the ultimate objective of food production in several territories since ancient
times (Smith 2010). People cultivated food crops and created pastures on the
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cleared areas inside woodlands, where the soils were deep and rich in humus.
Native and alien trees and shrubs (e.g. brooms, reeds, Indian-figs and Iron trees)
were also used as fences to protect crops and cattle from strong winds and
sunstrokes.

Until Modern times, agriculture or agroforestry diversification developed slowly
but steadily. In the 18th and mainly in the 19th century, cumulative factors con-
tributed to the globalization of these activities. Portugal, Spain, France, Netherlands
and the United Kingdom were then European empires and developed colonial
science and agriculture transferring live beings to and from their colonies in the four
other continents and islands (Crosby 2004; Grove 1995; Murphy 2007; Rotherham
2011). The emergence of the concept of acclimatization led to “an intended and
‘scientific’ mediated transplantation of organisms” (Osborne 2000).
Acclimatization societies, frequently supported by the states, promoted the
exchange of plants for horticulture, satisfying aesthetical pleasing through col-
lecting and gardening, and adapting new species to create more diverse, resilient
and productive farming systems. Increasing transportation of people and liveli-
hoods, and the booming transatlantic trade, also facilitated intentional and acci-
dental introductions. Additionally, “philosophical travels” were made by naturalists
in charge of finding, collecting and transporting species that could provide cultural
and economic benefits in the arrival areas. Living plants and seeds were then
cultivated in botanical gardens and later, if successful, distributed by farmers.

Towards the end of the 19th century, while agronomy became a science, and
scarcity and hunger were a reality, farmlands and cultivated forests expanded with a
whole new species composition (field crops and trees). Among intentionally
introduced alien species, and others that arrived in association with them, a few
escaped from gardens, fields and greenhouses and became invasive.

3 Invasive Plant Species Originally Cultivated
in Production Systems and Their Impacts
Outside Crop Areas

3.1 The Most Wide-Spread Plant Invasions

Biological invasions by weeds are intimately related with human history, as humans
have not only enabled transportation of organisms from one site to another, they
have also imprinted changes in the landscape that have facilitated the establishment
of those organisms. When human settlements began to thrive, there was a huge
increase of area occupied by crops and pastures at the expense of the natural forests,
which originated the landscapes that we know today (Meeus et al. 1990). Weeds
were the first plants introduced outside their native area, a process that started in
ancient historical periods, making it difficult to determine the origin of some of
those species. The first flow of weeds presumably occurred between Asia and
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Europe, although there are indications of plant movements in the American
Continent because of the intense agricultural activity practiced by the
pre-Columbian cultures (Elton 2000). At the end of the 15th century, the explo-
ration and colonization of distant areas of the globe began to substantially increase
the number of naturalized species able to colonize areas outside their native range
(Cousens and Mortimer 1995).

Some plant species that colonize agricultural fields are among the most common
invasive species worldwide. Weed species from tropical areas such as C4 grasses
are successful in many agricultural areas around the globe because of their drought
tolerance and efficient photosynthetic pathway (Maillet and Lopez-Garcia, 2000).
Some of these weed species with shorter lifespans have evolved to support envi-
ronments other than their native areas, such as some C4 grasses (e.g. Echinochloa
crus-galli) that are colonizing areas further north, as a result of the increased
catalytic efficiency of some enzymes (Lee 2002).

Other species introduced by their interest for humans are nowadays a nuisance
for agriculture and silviculture. Among those are the species of genus Opuntia,
from America, and of genus Acacia, from Australia (Thuiller et al. 2006). In the
majority of areas of the world, most weeds in a region are not native but were
introduced by humans, often deliberately (Mack and Lonsdale 2001). And although
there are common invasive weeds across the globe (e.g. Acacia mearnsii, Arundo
donax, Eichornia crassipes, Opuntia stricta), others are only considered a problem
in certain parts of the world (e.g. Ulex europaeus, Euphorbia esula), highlighting
human facilitation as a major driver (Lowe et al. 2000).

3.2 Impacts on Ecosystem Services

Ecosystem services (ES) are the material and non-material contributions that
ecosystems bring to human development and wellbeing (MA 2005). There are
different frameworks to categorise ES, such as the Millennium Ecosystem
Assessment (MA 2005), The Economics of Ecosystems and Biodiversity (TEEB
2010) and the Common International Classification of Ecosystem Services
(Haines-Young and Potschin 2013).

These frameworks usually recognise three ES categories—provisioning, regu-
lating and maintenance, and cultural services (MA 2005; TEEB 2010). Provisioning
services include material and energy outputs from ecosystems (e.g., timber, food,
water for consumption), whereas regulating and maintenance services comprise the
benefits that derive from regulatory ecosystem processes (e.g., soil stabilization,
climate regulation, pollination). Cultural services comprise the intangible benefits
from ecosystems such as spiritual and cognitive enrichment, aesthetics, and
recreation (Haines-Young and Potschin 2013; MA 2005).

In agricultural and agroforestry systems worldwide, the intentional cultivation of
alien plant species has for long been a practice to obtain specific provisioning
services, e.g. timber, pulp, forage or tannins (Davis and Landis 2011). Other alien
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plant species have further been cultivated to maximize regulating services (e.g. soil
nitrogen fixation, land stabilisation, erosion protection) besides provisioning ser-
vices (Richardson 2011). At a minor scale, in particular when planted in agro-
forestry systems, alien plant species can further contribute to cultural services,
supporting landscape amenity and recreation (Foxcroft et al. 2008; Vaz et al. 2018).

However, some cultivated alien plant species can establish and spread beyond
cultivation sites, i.e. they become invasive (Brundu and Richardson 2016). These
invasive alien plant species (IAS) can alter ecosystem processes, in particular by
reducing native biodiversity and competing with service-providing species (Levine
et al. 2003; Simberloff et al. 2013; Vilà and Hulme 2017). For instance, IAS can
indirectly affect provisioning services, by minimising the availability or reducing
the quality of resources that humans use outside cultivation areas. Notable examples
include the depletion of water for human consumption through several Prosopis
and Acacia species, or livestock poisoning by Prosopis juglans and Sorghum
halapense (Carruthers et al. 2011; Davis and Landis 2011; Richardson 2011). IAS
can also change regulating services, by altering and disrupting ecosystem functions
and processes outside production sites. Examples include the amplification of fire
regimes by Pinus radiata, the reduction of stream flow by Prosopis juliflora and
Arundo donax, and altered nutrient cycles by Sorghum halepense (Davis and
Landis 2011; Dickie et al. 2014; Richardson et al. 2014).

Although IAS can have straightforward effects on provisioning and regulating
services, IAS effects on cultural services may be perceived differently by different
stakeholders (Vaz et al. 2018). For example, Acacia dealbata and a few Pinus
species are by some people recognised for their ornamental (e.g. due to attractive
blooms) and recreation (e.g. because of shade provision) values, respectively
(Dickie et al. 2014; Vaz et al. 2017). At the same time, several Eucalyptus and
Acacia species are perceived by other people as undesirable for aesthetic (e.g.
invaded landscapes considered as monotonous) or spiritual (invaded areas associ-
ated to the lack of a wilderness character) values, respectively (Carruthers et al.
2011; Kueffer and Kull 2017; Vaz et al. 2018).

4 Managing the Spread of Invasive Plant Species
in the Broader Landscape

4.1 Strategies to Tackle Invasive Plant Species

Given the economic, ecological and social impacts of widely dispersed invasive
alien plant species (IAS), it is crucial to focus the existing (often limited) resources
in management strategies that allow tackling them more successfully. In this con-
text, it is vital to prioritize the prevention of new (potentially) IAS and the
early-detection of new outbreaks in order to promote effective and timely man-
agement that limits new invasions.
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Preventing the introduction of IAS into new areas is surely one of the most
cost-effective management strategies (Pysek and Richardson 2010). In the context
of this chapter, this may include preventing the spread of alien species grown in
agricultural and agro-forest landscapes into surrounding areas; these invasion
events may increase in the future as some species are expected to change their
behaviour under climate change (Hellmann et al. 2008). Different actions can be
considered, such as the implementation of crop monitoring protocols to detect alien
plants starting to establish and escape, surveillance of dispersal routes and vectors
to intercept new spreading events, raising awareness of different stakeholders and
communities, etc.

Early Detection and Rapid Response (EDRR) are also crucial to minimize the
impacts of IAS, being highly cost-effective when compared to management costs in
later phases, and thus justifying a strong investment to improve protocols and
techniques available. These include space- and air-borne remote sensing platforms
for species monitoring and surveillance, species distribution modelling to map areas
with higher potential for invasion, and the development of species identification
tools and protocols. Although the extension of surveillance areas and the large
diversity of potentially IAS make EDRR difficult (Pysek and Richardson 2010), in
the context of cultivated areas, potential IAS are frequently identified and easier to
target, and the surrounding area may be more restricted, turning early detection
more feasible. Early detection may prioritize species or areas (e.g., habitats with
higher conservation value surrounding crops, areas prone to invasion, species with
higher invasive risk) in order to increase its effectiveness. Rapid response should
include a rapid and detailed inventory of the populations occurring in all the sur-
rounding area in a way to prevent small scattered foci from passing unnoticed, thus
precluding eradication. Citizens or specific stakeholders previously trained can also
be important allies in EDRR and associated surveillance and monitoring schemes
(Holcombe and Stohlgren 2009).

IAS initially used as crops, but that nowadays promote negative impacts
demanding their control, can be tackled through eradication, containment, control
or mitigation, depending on the invaded extension and availability of resources.
Associated with any of these options, it is essential to consider the monitoring of
results (to learn from experience and adapt follow-up interventions), the persistence
of management interventions, and eventually actions to actively restore the invaded
areas. Although all these strategies are frequently very costly, complex and
time-consuming, well-planned interventions based on strong technical and scientific
knowledge, planned for medium-long term and involving the different stakeholders
and their interests, allow reaching good levels of success. Nevertheless, when
resources are insufficient, managers should pragmatically analyse if control is
cost-efficient or if inaction may be preferable.
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4.2 Modelling and Detection Tools to Support Management

4.2.1 Remote Sensing Based on Airborne Sensors

In recent years, the development of unmanned aerial vehicles (UAVs) has been an
important contribution to the study of the ecological dynamics of invasive species.
These airborne systems have become more reliable and functional, being able to
operate with low planning needs and in increasingly demanding meteorological and
terrain conditions. Although they do not have the capacity to cover large areas, as
satellite systems or classical aerial photography, their implementation is inexpen-
sive and, with the right combination of aircraft and sensors, the final results can be
very useful.

UAVs have all the advantages of an aerial point of view to the landscape, and
since they fly significantly lower than conventional flight systems, they can be used
to obtain aerial photography with a very high resolution (Gonçalves and Henriques
2015). Typically, a small fixed wing or multicopter UAV system can cover areas
between 80 and 200 ha with a single battery and with about 3–6 cm/pixel of ground
sampling distance (Colomina and Molina 2014). The airborne sensors have also
evolved. Nowadays it is possible to use several small RGB, multispectral and
hyperspectral cameras available on the market, allowing the use of aerial imagery
obtained with these systems with any remote sensing computational tool for veg-
etation study purposes (Ahmed et al. 2017).

A major advantage of these systems is that the collection of aerial imaging can
be done simultaneously with georeferenced ground fieldwork for species identifi-
cation. This ensures that the remote detection final results are more robustly vali-
dated. Besides the high spatial resolution, these systems also ensure a high temporal
resolution of the monitored area, by repeating flights with the same flight plan.
Accurate multispectral orthophotos and three-dimensional digital surface models
are usually the most common products that are obtained with these systems. These
products can be processed by the most common remote sensing software.

4.2.2 Habitat Distribution Models

Habitat suitability models (HSM; Guisan et al., in press) represent important tools
for anticipating plant invasions and spread (Gallien et al. 2012; Peterson 2003), and
thus for the management of invasive alien plants (Guisan et al. 2013; Meier et al.
2014; Richter et al. 2013; Venette et al. 2010), especially if based on ensemble
modelling (Bellard et al. 2013; Stohlgren et al. 2010). In particular, HSMs could be
embedded in adaptive management frameworks connected to national and inter-
national biodiversity databases (e.g. GBIF), to direct field monitoring and eradi-
cation efforts (Honrado et al. 2016; Venette et al. 2010). Their data results could in
turn update the models in an iterative and adaptive way, as already proposed for the
management of rare species (Guisan et al. 2006).
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Early efforts applying HSMs to anticipate invasions proposed to fit models in the
native range and project them into the invaded range (Peterson 2003), but issues
were raised later about the possibility that species’ ecological niches, on which these
models are based, may change for some species after invasion, hampering the proper
application of these models (Early and Sax 2014; Guisan et al. 2014) and references
therein). This supports the use of data from both the native and invaded (exotic)
range for building HSMs, which can then be applied more accurately in both ranges
(Beaumont et al. 2009; Broennimann and Guisan 2008). Another important argu-
ment in favor of such combined ranges approach is that it makes more likely that the
full ecological niche is captured in the HSM, whereas using local data (e.g., only in
the invaded range) bears the risk of fitting truncated response curves and making
wrong predictions (Petitpierre et al. 2016; Thuiller et al. 2004).

In general, the study of biological invasions will require hierarchical modelling
approaches combining multiple scales (Pysek and Hulme 2005). Future modelling
directions include (i) adding more dynamic components, such as dispersal and
population dynamics, in HSMs though the further development of hybrid models
(Ferrari et al. 2014; Gallien et al. 2010; Pysek and Hulme 2005); (ii) better
understanding the dynamics of niche filling and expansion during invasions
(Broennimann et al. 2014); (iii) improving the environmental predictors used in
HSMs, such as new remotely sensed images (Andrew and Ustin 2009; Bradley
2014), as these are also typically used in more general monitoring programs (e.g.
GEOBON); and (iv) fitting invasive species models in a hierarchical manner,
combining the strength of local data at fine resolution with global data (e.g., to fit
the whole species climatic niche) (Petitpierre et al. 2016).

4.2.3 Dynamic Ecological Models

Dynamic models are focused on ecological processes, which differ from static
models by explicitly incorporating time-dependent changes in the state of a system
(Jørgensen 2008). These models include, among others, biogeochemical dynamics
(e.g. Soetaert et al. 2000), population dynamics (e.g. Kriticos et al. 2009),
individual-based models (e.g. Nehrbass and Winkler 2007), and cellular automata
systems (e.g., Crespo-Pérez et al. 2011).

The ability to anticipate invasive plant species trends and distribution patterns as
ecological indicators under different socio-ecological scenarios depends on the
accuracy to predict their invasiveness and the invasibility of threatened habitats
(Peterson 2003). Therefore, biological invasion studies have been improved by
creating dynamic models that simultaneously attempt to capture the structure and
functioning of vulnerable systems, in which the potential invasive trajectory can be
predicted a priori (Santos et al. 2011).

Although static Habitat Distribution Models have been widely applied in pre-
dicting invasive plant species distributions under global change scenarios (e.g.,
Vicente et al. 2016), their deterministic assumptions and the lack of integration with
dynamic and/or stochastic processes limit their accuracy in capturing ecological
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responses to more local changes (Kandziora et al. 2013). In contrast, dynamic
modelling can be adjusted to the local management requirements (objectives and
parameters) and capable of responding with flexibility to specific contexts, guiding
current decision-making (Cuddington et al. 2013). Therefore, dynamic models can
complement static models to design and test specific cost-effective local conser-
vation measures in the scope of invasive plant species broader management (Bastos
et al. 2012). In fact, the combination of empiric, mechanistic and correlative
modelling approaches is a promising research field, known as hybrid
multi-modelling (Box 1), that enables to improve the understanding of the main
drivers implicated on the spatial-dynamic patterns of invasive plant species
(Buchadas et al. 2017).

Box 1—Dynamic models for supporting invasion management: a review
Dynamic models are preferential tools to guide management decisions

(Cuddington et al. 2013). Based on a literature review, in which keywords
related with “Invasion”, “Management” and “Dynainic Modelling” were
searched using ISI WOK (http://webofknowledge.com) (Buchadas et al.
2017), 59 publications on plant invasions in agricultural and agro-forest
landscapes were considered. To investigate the extent and how dynamic
modelling has been applied on management, we reviewed each one of the 59
publications to identify their modelling approach (i.e., purely dynamic vs.
hybrid models; Fig. 1), management type (i.e., active management targeting
later stages of the invasion process, vs. passive management targeting early
invasion stages), and if climate change was considered.

Dynamic models were more often applied in active management actions,
such as invasion control. Contrastingly, hybrid models were more often
applied in passive management, e.g. prevention and early-detection. Only 5%
of publications considered climate change, which applied hybrid approaches

Fig. 1 Temporal evolution of the application of dynamic modelling approaches, dynamic or
hybrid (static-dynamic) to support active or passive management actions on plant invasions in
agricultural and agro-forest landscapes
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for passive management. The ability of dynamic models to mimic demo-
graphic processes, such as dispersal and growth, is of key importance for
active management measures. Still, the more recently applied, hybrid models
have the capacity to deliver spatial outputs which are effective to support
management at early invasion stages (from prevention to early detection), and
to improve the monitoring and impact assessment of invasion processes.
Furthermore, hybrid models may be relevant when considering the role of
climate change, due to their capacity to effectively extrapolate invasion
process beyond uncertain environmental conditions. Therefore, further use of
hybrid approaches to study invasions management while considering climate
change may constitute a research pathway to support invasion management in
agricultural and agroforestry systems.

5 Challenges of Alien Plant Invasions in the Light
of Climate Change

5.1 Forecasting

Because biological invasions are ongoing processes, anticipating their spread
requires advanced predictive tools embedded in adaptive and iterative modelling
frameworks (Baxter and Possingham 2011; Uden et al. 2015). These typically
combine data from the native and invaded ranges (Broennimann and Guisan 2008;
Beaumont et al., 2009) to limit effects of niche changes between ranges (Guisan
et al. 2014). It is however not enough to anticipate spread under current climate, as
predictions may differ in future climates (Bellard et al. 2013), as shown for various
mountains (Petitpierre et al. 2016), for North America (Bradley et al. 2010) or for
South-Africa (Parker-Allie et al. 2009). Additionally, changes in other factors, such
as land use (Vicente et al. 2011) or global trade (Seebens et al. 2015), may also
influence predictions. Models that incorporate climate or land use changes scenarios
may also anticipate how invasions will threaten protected areas (Kleinbauer et al.
2010) or rare and endangered species (Vicente et al. 2011).

Perhaps the greatest challenge for forecasting invasions in future conditions is
when novel situations—new climate or new land uses, for instance—will charac-
terize some areas in future times (van Klinken et al. 2009; Vicente et al. 2011;
Webber et al. 2011), as projections there will be entailed with greatest uncertainty.
Another important challenge for future projections is to find robust ways to build
hierarchical models, based on hierarchical studies of biological invasions (Pysek
and Hulme 2005), that combine models of entire species’ climatic niches at the
global scale with local models incorporating the species requirements in the area of
interest (Petitpierre et al. 2016).
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5.2 Predicting Impacts on Ecosystem Services

Detailed knowledge of how climate change will mediate IAS escaped from agri-
culture and agroforestry systems, and how these species will affect ecosystem
services, is lacking. Still, there is a clear recognition that climate change can alter
habitat conditions that facilitate or hinder IAS performance, and thereby the effects
of IAS on ecosystem services (Brundu and Richardson 2016; Krumm and Vítková
2016; Nie et al. 2017).

It has been shown that agricultural and agroforestry IAS, such as Acacia deal-
bata, Robinia pseudoacacia, Salix alaxensis and some Lupinus species, will
potentially spread into areas that are currently unsuitable, due to more favourable
future climate conditions (Gassó et al. 2012; Kleinbauer et al. 2010; Pickart et al.
1998; Vicente et al. 2013; Wasowicz et al. 2013). Accordingly, the impacts that
these IAS currently have on ecosystem services (e.g. increased fire regimes, water
depletion) will likely be altered (Hellmann et al. 2008; Nie et al. 2017).

Future research should prioritise studies on the interactions between IAS,
ecosystem services, and management practices in agriculture and agroforestry
systems under different climate change scenarios (Richardson et al. 2010). Such
interactions should be investigated considering the complex and context-specific
interlinks between ecological impacts, social valuations and perceptions, and
management decisions (Dickie et al. 2014; Vaz et al. 2017).

5.3 Adaptive Management

With changing climate and with the foreseeable introduction of new alien species,
the occurrence of new IAS with novel traits that behave differently under new
environmental conditions (including e.g., new interactions pests and diseases;
(Pauchard et al. 2016) will likely increase. Thus, management will have to be
adaptive to successfully tackle species for which reliable observational data from
the past do not exist (ghost of invasion past problem, (Kueffer et al. 2013). Dealing
with this challenging situation will only be possible through a flexible approach that
allows management priorities and strategies to be continuously adapted, consider-
ing the response of ecosystems to management actions. Adaptation needs to be
based not only on new research, but also on the ways ecosystem services are
perceived and valued by local stakeholders, considering the social, technological,
economic, environmental and political contexts (Foxcroft and McGeoch 2011). To
foster such an approach, continuous knowledge exchange between practitioners,
scientists and other stakeholders is needed, data flows supported by adaptive
monitoring must be enabled (Honrado et al. 2016), and legal and institutional
frameworks must be adapted so that they become more flexible and focused on
anticipation and early response. There is also a need to develop a more balanced
approach towards evaluating invasive species and their effects on ecosystems based

Alien Plant Species: Environmental Risks in Agricultural … 227

pcastro@ci.uc.pt



not only on their negative impacts but also on their positive roles in
socio-ecological systems (Vaz et al. 2017).

Box 2—Alien tree species in coffee agroforestry systems—implications
for ecosystem functions anil services

Coffee (Coffea canephora and C. arabica) production depends on shading.
Traditionally coffee is produced under a native multispecies tree canopy,
however, increasingly monospecific shade tree layers composed of ail alien
species (e.g. Grevillea robusta) are used. Ecosystem functioning and services
differ substantially between native multispecics and alien monospecific
agroforestry systems, as has for instance been shown in a long-term study in
Kodagu (Western Ghats, India) (Garcia et al. 2010, Krishnan et al. 2011;
Boreux et al. 2013, Nesper et al. 2017). The presence of insect pollinators and
their visitation rates of coffee are affected by canopy composition. While
habitat quality, tor instance tor bees such as Apis dorsata, is improved in a
diverse agroforest (Krishnan et al. 2011), pollination can sometimes be
reduced under a multispecies shade cover; possibly due to floral competition
with coffee plants (Boreux et al. 2013). Lower predator abundance and/or
diversity might be the cause for increased in testation by the coffee pest
Hypothenemus hampei under an alien G. robusta canopy (Nesper et al. 2017).
Further, there is a tendency towards reduced nutrient availabilities under G.
robusta due to the low litter quality of this alien tree (Nesper et al. in review).
There are also indications that microclimate and leaf phenology peaks
become more extreme under an alien canopy (Nesper et al. in review), which
might have important implications for resilience against climate change in a
seasonal dry climate. Effects on ecosystem services can result in reduced
coffee production and quality under alien shade trees (Nesper et al. 2017).
These effects are partly due to the presence of a particular alien tree species,
but result partly also from the replacement of old-grown multispecies
canopies.

6 Conclusions

This chapter provided a general overview on the history, patterns, risks and impacts
of alien plant species in agricultural and agroforestry systems. The major highlights
are that, since pre-Columbus times, plant species have been moved across the
world. Still, the increasing transportation of people and livelihoods, and the
booming transatlantic trade during the 18th and 19th centuries facilitated intentional
and accidental introductions of alien plant species. A proportion of these species has
become invasive, namely Acacia mearnsii, Arundo donax, Eichornia crassipes, and
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Opuntia stricta, that were able to expand beyond cultivation sites. These alien
invasive species have many documented impacts in biodiversity and on provi-
sioning, regulating and cultural ecosystem services. Management strategies, such as
early detection and/or rapid response actions, are thus relevant for preventing
undesirable impacts from these species. Modelling and detection tools are being
increasingly applied to support effective management. These tools comprise, for
example, the remote sensing information captured by airborne systems, the habitat
distribution models, and the dynamic models. These approaches are even more
relevant in the context of climate change. Specifically, they can be implemented to
forecast and anticipate invasion processes, as well as to predict and prevent impacts
on ecosystem services. These emergent are thus key tools for achieving adaptive
management, allowing institutional frameworks to become well-adapted, -flexible
and -focused on the anticipation and early response to invasions, their costs and
benefits in socio-ecological systems.
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Remote Sensing of Droughts Impacts
on Maize Prices Using SPOT-VGT
Derived Vegetation Index

John A. Ogbodo, Ejiet John Wasige, Sakirat M. Shuaibu,
Timothy Dube and Samuel Emeka Anarah

Abstract Maize production in Kenya is usually affected by climate variability.
Climate variability, further has implications for maize prices and national food
security. The main objective of this study was to determine temporal fluctuations of
maize prices in five (5) markets in Kenya; using NDVI values from
SPOT-VEGETATION imagery of 1998–2010. The results show a weak relation-
ship between maxNDVI and Kenyan maize wholesale price. Out of the five
(5) markets analysed, only Kisumu (r2 = −0.11) shows a negative regression value;
whereas, Nairobi (r2 = 0.29), Mombasa (r2 = 0.27), Nakuru (r2 = 0.44) and Eldoret
(r2 = 0.05) portray a positive relationship. Overall, the findings of this study indi-
cate that maize prices were high during drought periods (i.e. negative anomalies)
and low during wet seasons (i.e. positive anomalies). The findings of this work
underscores the potential for maize price monitoring using satellite derived vege-
tation indices, such as the normalised difference vegetation index towards providing
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valuable inputs to the food security modelling community. We however, recom-
mend that, in the future, there is need to integrate a cumulative vegetation index
(CVI) method to reduce any differences that could exist during analysing maize
growing stage using vegetation index remote sensing techniques.

Keywords Drought � Food insecurity � maxNDVI � Stepwise regression
SPOT vegetation � Wholesale maize price

1 Introduction

In Kenya, maize (Zeamays) is a staple and an important cereal food crop. Hence, food
insecurity is synonymous to poor maize production and its scarcity in Kenyan mar-
kets. In other words, whenever maize production is impaired, majority of the Kenyans
would become food insecure (FEWSNET 2010, 2011, 2013). The Food and
Agriculture Organization (FAO) defined food insecurity as a situation that exists
when people or populations lack secure access to sufficient amounts of safe and
nutritious food, for normal growth and development; and for an active and healthy life
(FAO-WFP 1996). According to Grace et al. (2014), episodes of household food
insecurity occur when access to food decreases (i.e. cost increases while income or
entitlements do not increase), when food availability decreases (i.e. crop production
decreases). In Kenya, many poor people rely on rainfed, locally produced food for the
majority of their caloric intake. Also, Kenyans maize production is usually affected
by variations in rainfall, which in turn, have implications on national maize pro-
duction rates and pricing system (Grace et al. 2014; FEWSNET 2013; FAO 2011).
Usually, shifts in climate and weather patterns dramatically reduce agricultural
productivity (Ogbodo et al. 2018; Livingston et al. 2011). This reduction in maize
productivity reduces overall food availability and increases local food prices, due to
rising demand and diminished supply. This ultimately impacts food accessibility,
thus, putting millions of Kenyans at risk of malnutrition; as in the examples of years
2002 and 2009. In 2009, the expected yield per acre of maize was less than the normal
yield, as a result of drought (Smale et al. 2011). As a consequence, approximately,
one third (1/3) of every Kenya households became food insecure, when the pro-
duction output of a staple crop as maize turns out to be poor.

Zea mays is a staple and an important cereal food crop in Kenya (FEWSNET
2013). Area of Kenyan agricultural land under maize cultivation was estimated at
1.6 MH (Deenapanray and Tan 2011; EPZ-Kenya 2005). Erenstein et al. (2011)
expressed that, maize cultivation is highly dependent on annual rainfall. FEWSNET
(2013) and Kangethe (2011), further affirmed that, maize is a rain-fed crop, which is
cultivated across a range of Kenyan soil types, moisture regimes, latitudes, slopes
and altitudes. Maize is primarily produced for home consumption and for local
markets by small-scale farmers (Short et al. 2012; EPZ-Kenya 2005). Small-scale
farmers contribute about 75% of the overall maize production in Kenya (Nyoro
et al. 2004; Nyoro 2002).
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Prolonged droughts in Kenya have become common in the recent years, par-
ticularly since 2000. According to FEWSNET (2009), the impact of drought had
affected larger areas in that country. The drought of 1999/2001 was regarded as the
“worst ever” in Kenya’s history. Therefore, drought is, one of the impacts of
climate change that threatens the livelihoods of most communities in Kenya
(Mariara and Karanja 2007). In years past, agricultural crops including maize, failed
in one out of every three (3) seasons due to the frequent reoccurrence of agricultural
droughts (Rojas et al. 2011; Bassi 2010). Mishra and Singh (2010), defined agri-
cultural drought as a period with declining soil moisture which consequently leads
to crop failures in areas where it is not possible to adopt irrigational measures.
Agricultural drought usually diminishes water supplies, reduces crop productivity
and most often results to a widespread famine. A reduction in maize productivity
can further lead to a reduction in the overall maize availability, and an increase in
Kenya wholesale prices for maize meals paid by consumers due to rising demand
and diminished supply (Jayne et al. 2008). This scenario has negative impacts on
food affordability, and it usually puts millions of Kenyans at risk of malnutrition
(Grace et al. 2014). Therefore, in an effort to improve scientific understanding of
food insecurity and evaluate the usefulness of pricing data as an indicator of food
insecurity (FAO 2014); there is a need for agricultural drought assessment studies
using novel remote sensing techniques.

Remote-sensing data acquired by satellite sensors have a wide scope in agri-
cultural applications owing to their synoptic and repetitive coverage. Generally,
vegetation indices derived from geospatial (i.e. remote sensing and geographic
information systems) methods are considered as potential tools for improving
vegetation health simulations in real-time (Gitelson et al. 2002). Some past scien-
tific studies have successfully applied vegetation indices remote sensing techniques
to crop yields estimations (Shuaibu et al. 2016; Bolton and Friedl 2013; Vrieling
et al. 2011). However, in addition to vegetation indices, rainfall distribution in
space and time are also incorporated into remote sensing/GIS models on crop yields
estimations (Andrea et al. 2011; Rojas et al. 2011; Dinku et al. 2007). NDVI
(Normalized Difference Vegetation Index) remote sensing is another geospatial
approach, which can combine satellite images and rainfall data in assessing drought
—prone agricultural areas, crop failures and poor pasture conditions (Mutanga and
Skidmore 2004; FEWSNET 2010; Dinku et al. 2007).

Thus, NDVI has been the most frequently used vegetation index in
agro-meteorological analysis (Andrea et al. 2011; Rojas et al. 2011). It is defined as:
NDVI = (NIR − RED)/(NIR + RED). Where, NIR stands for reflectance (%) in the
near infrared band; and RED is reflectance (%) in the red band of an electro-
magnetic spectrum (Shuaibu et al. 2016). It is easy to understand the vegetation
index, when the characteristics of absorption and reflection of the radiation by green
leaves, are studied. The chlorophyll of plants absorbs the majority of radiation in
the visible part of the electromagnetic spectrum: principally, the red portion
(0.6–07 lm) is highly reflective in the near-infrared. NDVI is a direct indicator of
the plant’s photosynthetic activity. Therefore parameters such as water stress in
vegetation (Shuaibu et al. 2016; Dinku et al. 2007) can be monitored successfully
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by analysing NDVI values. NDVI values usually indicate the vigour of vegetative
activity when the chlorophyll is indirectly observed (Shuaibu et al. 2016). Grace
et al. (2014) further expressed that, NDVI low values are usually attributed to lack
of vegetation, dormant states of existing vegetation, over-irrigation, pest and dis-
eases, water stress caused by agricultural droughts, etc. Already, outcomes of past
satellite NDVI analyses have been used by governments and non-governmental
organizations in responding to food crises (Funk and Brown 2005) and in devel-
oping livelihood strategies for drought affected communities (Grace et al. 2014;
Andrea et al. 2011; Rojas et al. 2011).

In view of the above, development of a model to show the impacts of agricultural
droughts on maize prices is imperative for improving food security in Kenya using
satellite remote sensing techniques. Consequently, several time series of satellite
derived vegetation indices at the global scale and with a high temporal frequency are
freely available. These include: AVHRR (Advanced Very High Resolution
Radiometer); MODIS (Moderate Resolution Imaging Spectroradiometer) and SPOT
(Satellite Pour l’Observation de la Terre) VEGETATION. The SPOT
VEGETATION (VGT) sensor was launched on board the SPOT 4 satellite in March,
1998, to monitor surface parameters on global basis at daily intervals with a 1 km
resolution (Rijks et al. 2007; Rojas 2007; Zhou et al. 2009; Sawasawa 2003). The
Normalized Difference Vegetation Index (NDVI) from SPOT VGT satellite has been
used to assess droughts in semi-arid zones where rainfall fluctuates (Shuaibu et al.
2016; Pettorelli et al. 2005). A large number of the derived satellite products exist,
and are repeatedly updated.

Therefore, the main objective of this study is to apply a novel remote sensing
technique in modelling temporal fluctuations of maize production and prices in five
(5) markets in Kenya. In doing so, we used NDVI values from
SPOT-VEGETATION imagery to model the relationship between agricultural
drought and maize wholesale prices. Therefore, monitoring agricultural production
(especially maize production) in Kenya can provide important information about
food security towards tracking significant changes over time. The outcome of this
study could contribute to the actualization of number 2, SDG (Sustainable
Development Goal, SDG) which is zero hunger by 2030.

2 Materials

2.1 Background on Study Area

The Republic of Kenya is located in East Africa, at latitudes 5°S to 5.5°N and
longitudes 34°E to 42°E (FEWSNET 2013). The country borders Somalia to the
East, Ethiopia to the North, Sudan to the Northwest, Uganda to the West and
Tanzania to the Southwest and the Indian Ocean to the South. Its climate is tropical,
but moderated by diverse topography (FEWSNET 2013). There is a steady rise of
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the land surface from the coastal plains to altitudes of over 5000 m. Nyanza,
Western and Rift Valley provinces have a mono-modal rainfall distribution while
Central, Eastern and Coast provinces exhibit an average bimodal distribution of
rainfall with the possibility of having two rainfed cropping seasons per year (Ifejika
et al. 2008; EPZ-Kenya 2005). The bimodal raining seasons commence from March
to May (long rains period) and October to December (short rains period) on a yearly
basis (Williams and Funk 2010; FEWSNET 2013). The average annual rainfall in
Kenya ranges between 250 and 2500 mm (FEWSNET 2013). Given the geographic
variation in intensity of seasonal rainfall, agricultural production differs regionally
(FEWSNET 2013). One major small-scale agricultural crop (Fig. 1) that is widely
cultivated and consumed in Kenya is maize.

History has it that, Kenya was hit with severe droughts in the periods: 1983/
1984, 1991/1992, 1995/1996, 1999/2001, 2004/2005 and 2009/2010 (Andrea et al.
2011; Boken et al. 2005). The areas most affected by the droughts were the mar-
ginal agricultural lands at the north-eastern, north-western southern and
south-eastern parts of Kenya (FEWSNET 2013; Andrea et al. 2011; Boken et al.
2005). These regions were also faced with various levels of emergency food
insecurity, basically because, the drought occurrences fluctuated the average maize
production outputs (FEWSNET 2013; Ifejika et al. 2008).

Fig. 1 Map of main crop zones of Kenya (FEWSNET 2013)
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For example, between 2001 and 2010, the drought phenomenon contributed to
widening the gap between maize production and consumption (Fig. 2) among
household populations (FEWSNET 2013).

Meanwhile, the Kenya national average maize yields per hectare are estimated at
1.8 tonnes per hectare; being an equivalent to 20 bags of a 90 kg bag specification
(Kangethe 2011). Table 1 shows the average production of maize in the eight
provinces of Kenya from 2005–2009.

The specific sampled market-sites are: Nairobi, Mombasa, Kisumu, Eldoret and
Nakuru markets (Fig. 3).

Fig. 2 Trend in maize production and consumption by Kenya’s population, 2001–2010

Table 1 Average maize production from 2005–2009 (Copied from Kangethe 2011)

Provinces Area cultivated
(ha)

Production (90 kg/
bag)

Yield (bags/
ha)

Population

Rift Valley 644,895 13,225,039 20.50 10,066,805

Nyanza 262,453 3711,215 14.10 5442,711

Eastern 462,401 3903,141 8.40 5668,123

Western 225,302 4163,878 18.50 4334,282

Coast 129,379 1079,383 8.30 3325,307

Central 157,063 1047,879 2.20 2310,757

North
Eastern

2525 5520 2.20 2310,757

Nairobi 1053 6420 14.4 3138,369
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2.2 Remote-Sensing Data

The products of SPOT VEGETATION acquired, are 10-day NDVI (Normalized
Difference Vegetation Index) synthesis (S10) images, obtained through Maximum
Value Compositing (MVC). The images are corrected for radiometry, geometry and
atmospheric effects. The NDVI values were spatially averaged for each area
comprised in the maize crop mask. Vegetation Index was derived from
SPOT VEGETATION NDVI and a time series of the two (2) wet seasons during
September, 1998 to August, 2011; were analyzed for maize crops.

3 Methods

3.1 Field Data Collection

Four criteria were adopted to select the markets used in this research: (a) The sites
were selected because, the scenes of remote sensing image data that could be
obtained over their locations were almost cloud-free; (b) sampled markets were

Fig. 3 Livelihoods map of Kenya showing the distribution of sampled markets (Modified from
FEWSNET 2013)

Remote Sensing of Droughts Impacts on Maize Prices … 241

pcastro@ci.uc.pt



located within the grains basket zone (Fig. 1) of Kenya; (c) For the Nairobi district,
where there is more than one market, an average of three (3) markets was sampled.
Selected Nairobi markets (for urban maize consumers) were in proximity to rural
communities that are located within the grain basket zones of Kenya. Information
about grain basket zonation in the study area was obtained from both: (i) the
Kenyan Ministry of Agriculture’s Market Information Bureau (MIB); and (ii) the
National Cereals and Produce Board (NCPB); and (d) The other sampled districts
have a particular day, set aside, as a market day. This means that, one day in a week
was generally set aside for buying and selling commodities at a central market
within a particular district. As such, maize price data were only recorded on the
respective market days for the districts other than Nairobi.

3.2 GIS Data Analysis

Market analyses and maize prices were done in GIS software. Every market that
was sampled is named after the Kenyan district in which it is situated. District GIS
shapefiles were obtained from http://www.un-spider.org/links-and-resources/data-
sources/land-cover-kenya-africover-fao. The center of each town was selected as
the market place in ArcGIS 10.1 software. A buffer of 25 km was later generated
around each market to indicate the potential area of the maize farms that supplies
farm produce to each market. The 25 km buffered areas were intersected with the
predicted maize fields. These maize cultivated lands were extracted around each
market. Monthly SPOT-VGT NDVI was aggregated within the buffered maize
areas to extract the time series of NDVI values for the selected maize areas. In this
present study, the maize map used, was an unsupervised classification output of
1998–2011 SPOT-VGT NDVI time series.

3.3 Remote Sensing Data Analysis

SPOT VEGETATION (Satellite Pour l’Observation de la Terre) image data is
freely available for vegetation studies. SPOT VEGETATION has four spectral
imaging bands ranging from about 0.45 lm (blue light) to 1.67 lm (mid-infrared
radiation) (Shuaibu et al. 2016). SPOT satellite has a field of view of 0–55° on both
sides of the satellite tracking path. The SPOT satellite has a pixel size of
1.15 � 1.15 km at nadir. The major dataset used in this study is the high temporal
frequency SPOT VEGETATION (SPOT VGT) 1 S10 imagery. This SPOT time
series data consist of 10-day maximum-value composites at 1 km spatial resolution
for the period September 1998 to August 2011. The advantages of using
maximum-valued composite satellite imagery are two-fold: (a composite image is
less influenced by cloud effects, sun-angle/shadow effects, aerosols, and water
vapour effects (Rijks et al. 2007); and (b) reduces directional reflectance and
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off-nadir viewing effects (Rojas 2007). To further reduce the remaining atmospheric
effects, an iterative Savitzky-Golay filter, as described by Huete et al. (2006), was
applied to the time series of each pixel for temporal smoothing. The maize map
used in this present study was an unsupervised classification output of 1998–2011
SPOT-VGT NDVI time series with a legend of 36 NDVI classes. These 36 legend
classes output was the afore-mentioned product of a separability modelling on an
initial 100 legend classes of the above-mentioned SPOT-VGT NDVI maize
map. The highest average separability values from the 36 NDVI classified product,
were chosen for further analysis.

3.4 Maize Price Data Analysis

The Kenyan wholesale maize prices used in this study were sampled from five mar-
kets: Nairobi, Mombasa, Kisumu, Eldoret and Nakuru. Maize wholesale price data
collected in Kenya were further compared with Global maize price data, obtained
from http://www.indexmundi.com/commodities/?commodity=corn&months=300.
Maize prices were expressed in Kenyan shillings per 90 kg bag. Global wholesale
prices (in US dollars per tonne) were converted to Kenyan shillings using the official
exchange rate. Details on the above approaches, can further be found in this earlier
publication: Shuaibu et al. (2016), been a segment of this present research.

3.5 Computation of NDVI Values from SPOT
VEGETATION Satellite Image

Vegetation indices (NDVI) were derived using NDVI = (refl.NIR − refl.Red)/(refl.
NIR + refl.Red) in ArcGIS 10.1 software. refl.NIR and refl.Red is each, the
reflectance of green vegetation within the NIR and Red regions of the electro-
magnetic spectrum. NDVI is commonly used to indicate the vigour of vegetation in
a satellite image and to also differentiate vegetated and non-vegetated areas.
The NDVI parameter value ranges from ‘1’ (for very high green vegetation cover)
through ‘0’ (reflectance from non-green vegetation) to ‘−1’ (for bare-land/
non-vegetation). Principal Components Analysis (PCA) was applied on the stacked
NDVI images (Celik 2009). PCA application is useful in minimizing error that arise
from overlaying different temporal satellite images and removes redundancy (Celik
2009; Li and Yeh 1998). Hence, it allows redundant data to be compacted because,
the data is reduced. The PCA output image was further classified in 36 classes with
a minimum class size of 100 pixels, and based on 10 iterations as sample interval
per class. The output of thematic SPOT VGT image was reclassified using visual
interpretation. To assess which class best correspond to maize area, a stepwise
regression analysis was performed with the 36 NDVI classes (independent variable)
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and the average area statistics (dependent variable). Hence, the 36 classes (that were
obtained from the PCA approach) were grouped into: maize farmland or
none-maize class. The “none-maize” class was assigned NoData value, so as to
enable masking of the result output (Li and Yeh 1998).

3.6 Analysis of LagNDVI with Maize Residual Price Series

NDVI values were aggregated on a temporal scale. Two (2) variables were created:
(a) maize residual price series (dependent variable) and (b) lagged NDVI
(lagNDVI) values (independent variable). Twelve (12) lags of the NDVI seasonal
anomalies were adopted. Here, lag0 indicated minimum NDVI (otherwise known as
lagNDVI) and the last value of the successive increased lags (e.g. 12), as maximum
lag (maxNDVI). Lag0 was kept constant throughout the model. The twelve
lagNDVI values were used because, the time difference between when maize was
produced and when maize market price are raised; can be up to twelve months
(Tachiiri 2003). More-so, that maize that was harvested in a year can be stored for
sale in the following year. The distributed lag model (Eq. 1) was used to examine
the relationship between maize residual price series and NDVI seasonal anomalies.

lt ¼ aþ b1NDVIAt þ b3NDVIAt�1 þ � � � bnNDVIAt�12 þ l ð1Þ

where NDVI = monthly NDVI anomalies, b = the impulse response weight vectors
describing the weight assigned to the current and past monthly NDVI anomalies
series, a = the constant term and l = model residual and lt = residual from optimal
lag identified from model of wholesale price and global price.

3.7 Analysis of maxNDVI with Maize Wholesale Price
Correlation Statistics

Maximum NDVI (maxNDVI) values were obtained using parameters for maize
start-of-season (planting date) to end-of-season date in the maize cropping cycle
(Shuaibu et al. 2016). Deriving maxNDVI during the maize cropping cycle is
valuable for forecasting and verifying maize production through hind-casting
(Lewis et al. 1998). There are two maize growing seasons in Kenya. The first crop
season starts from February to August yearly and the last cropping season is from
September to January (EPZ-Kenya 2005). Hence, maxNDVI values for the growing
seasons, during September, 1998–August, 2011(a period of thirteen years) was
chosen from the aggregated pixel of NDVI of each market. The maxNDVI values
(independent variable) were correlated with the wholesale price series (dependent
variable) of maize, one month after harvest of each of the thirteen years, to evaluate
the direction and strength of the correlation between the two (2) variables.
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To further analyse the relationship between monthly wholesale price series and
NDVI Seasonal anomalies, an NDVI seasonal anomaly for the growing season of
March to August, 2011, for each market was computed in excel (Pettorelli et al.
2005) using Eq. 2:

l1 ¼ aþ b1NDVIAt þ b2NDVIAt�1 þ � � � b2NDVIAt�4 þNDVImax þ lt ð2Þ

where NDVIA = seasonal NDVI anomalies b = the impulse response weight vec-
tors describing the weight assigned to the current and past monthly NDVI
anomalies series, a = the constant initial lag value and l = regression model and
t = wholesale price identified per successive increasing lagged value.

Afterwards, the wholesale price series after the growing season were regressed
against the lagged NDVI anomalies during the growing season. In this case only
four lags of NDVI seasonal anomalies were considered due to the length of the
growing season (which is about six months). This growing season regression
analysis was useful because, vegetation production anomaly of the growing season,
has been found to be an indicator for predicting price after harvest (Brown et al.
2010). Meanwhile, wholesale maize price series of one month after harvest was
used. This was done as to account for time delay in transportation of maize to the
market after harvest. This analysis was repeated for every sampled market.

4 Results and Discussion

Shuaibu et al. (2016) present detailed results of the analyses illustrated in
Sects. 3.2–3.4 above.

4.1 Computation of NDVI Values from SPOT
VEGETATION Satellite Image

Figure 4 shows a maize farmland that is situated at 01° 21′ 59″ S and 36° 44′ 17″ E
(WGS84) in Nairobi, Kenya. This output was obtained based on a stepwise
regression analysis that was performed based on the PCA output, in which 36 NDVI
classes were grouped into: maize crop (NDVI value = 0.95) or none-vegetated class
(NDVI = −1). The ‘0.05’ NDVI value in Fig. 4c, indicates a reflectance from either
grass, maize cobs, or maize flowers (yellow colour). NDVI is more sensitive to
chlorophyll content in plant leaves (Huete et al. 2006; Tucker et al. 2005).

Studies have asserted that, fine spatial resolution imagery captures fine structures
of maize plant such as the leaves while coarse resolution data cover canopy level. In
their assessment of effect of spatial resolution on maize yield relationship, Xue and
Su (2017) found out that by varying spatial resolution from very fine (0.02 m) to
intermediate (0.04 m) and fine resolution (0.06 m); the inter-intermediate or fine
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resolution index relationship with maize yield shows a better R2 than very fine
spatial resolution data in which they attributed to high noise from soil and
non-maize vegetation. However, for coarse resolution data, the R2 is degraded by
the mis-match between maize fields and the pixel sizes especially for the 1 km
resolution SPOT VEGETATION imagery. Therefore, in deriving maize yield with
NDVI, it should always be pertinent to consider the stage of maize growth and the
type of vegetation cover that can be found within the maize farm.

Furthermore, a number of previous studies have expressed that NDVI saturates
with dense vegetation cover and maintains high greenness value (Wardlow et al.
2006; Tucker 1979). Maize phenology is divided majorly into vegetative (emer-
gence to tasselling according to a number of leaves) and reproductive (silking to
physiological maturity according to the degree of kernel development). Thus, the
spectral information captured by a single image will measure spectral information
from different stages of development. Such maize stages of development could
influence spectral variations of NDVI models. This is obviously the reason for the
spectral output that is illustrated in Fig. 4c.

In conclusion, the NDVI models as applied on SPOT VGT image is capable of
spatially discriminating either, between photosynthetic and non-photosynthetic
maize leaf elements and/or non-vegetated landcover.

Fig. 4 An output of a PCA SPOT VGT NDVI spectral reflectance of a matured maize farm:
a 1 km SPOT VGT. Satellite image (RGB = 421); b mono-cropped maize with cobs and flowers;
and c pixel-based NDVI output
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4.2 Analysis of Lag NDVI with Maize Residual Price Series

A regression method is commonly used to generate a cause-effect relationship
among variables. Different methods had been employed in showing a relationship
between NDVI and price data; including correspondence analysis and probabilistic
Markov price model (Brown and de Beurs 2008). The regression model used in this
paper (i.e. distributed lag model) was able to analyse the current and past effects of
NDVI anomalies on current maize prices, rather than predicting its future prices
(Brown et al. 2010). Although, disadvantage of using a distributed lag model is
multicollinearity of independent variable. However, the multicollinearity test applied
in this present study of lagged NDVI anomalies per market indicate that, the vari-
ables are weakly correlated (Table 2); hence, the justification for using this model.

A number of studies have express that, maize yield, which is dependent of maize
development in its growing season, do have serious effects on residual maize prices
(Mkhabela et al. 2011). Generally, during maize development, the unfavourable
conditions in the crop growing period (anthesis and physical maturity) has been
found to likely impair pollination and reduce the fertilized kernels that are destined
to be filled (Meier 2001). During maize development stage, a maximum yield could
be achieved (Basso et al. 2013), if there is sufficient supply of nutrients under
favourable conditions such as soil moisture, sunlight and favourable environmental
conditions. Unfavourable conditions at the beginning of the reproductive cycle (i.e.
anthesis and tasselling) are likely to impair pollination of maize crop; thus,
reducing the number of fertilized kernels that are to be filled (Mkhabela et al. 2011).
Any adverse condition during the grain filling period (between anthesis and fruit
development) are likely to impair pollination. Therefore, detecting an early onset of
senescence is necessary, because; it can facilitate bomber yield. The flowering and

Table 2 Results of correlation analysis of residual maize price series and NDVI seasonal
anomalies illustrating the strength of correlation between these variables

Residual maize price versus lagNDVI Pearson correlation coefficient (r)

Residual price series versus NDVI anomalies Lag0 −0.281

Residual price series versus NDVI anomalies Lag1 −0.390

Residual price series versus NDVI anomalies Lag2 −0.468

Residual e price series versus NDVI anomalies Lag3 −0.479

Residual price series versus NDVI anomalies Lag4 −0.463

Residual e price series versus NDVI anomalies Lag5 −0.422

Residual price series versus NDVI anomalies Lag6 −0.334

Residual e price series versus NDVI anomalies Lag7 −0.249

Residual price series versus NDVI anomalies Lag8 −0.188

Residual e price series versus NDVI anomalies Lag9 −0.169

Residual price series versus NDVI anomalies Lag10 −0.143

Residual price series versus NDVI anomalies Lag11 −0.091

Residual price series versus NDVI anomalies Lag12 −0.180
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grain filling periods are the most critical stages for most crops; any water stress
encountered during these crop growth stages, could result in reduced grain yields
(Basso et al. 2013; Mkhabela et al. 2011). Therefore, variation in date of planting is
always important, in that maize planted early will experience the different stages of
development as compared to those planted late; thereby, contribute to keeping
residual maize prices, at its lowest level.

In a nutshell, maize yield is an end product; whereas, maize crop undergoes a
number of stages to produce a yield. Therefore, understanding when yield com-
ponents can be determined is important in interpreting management and environ-
mental factors that influence maize production (Sacks et al. 2010; Salami et al.
2010). It is therefore, concluded in this paper that, remotely sensed vegetation
indices can assess the optimal stages of maize growth and estimate maize yield.
This study further infers that, late planting of maize has a significant negative effect
on maize yield, its availability and sales.

4.3 Analysis of maxNDVI with Maize Wholesale Price
Correlation Statistics

Figure 5 visualises the result of the maximum NDVI (maxNDVI) for the maize
growing season’s verses wholesale maize price, a month after harvest, illustrating
the strength and direction of the correlation.

A weak correlation coefficient exists for all the study sites as follows: Nairobi
(r2 = 0.29), Mombasa (r2 = 0.27), Kisumu (r2 = −0.11), Nakuru (r2 = 0.44) and
Eldoret (r2 = 0.05). Kisumu market is the only site with a negative correlation value.
Hence, positive and negative correlations values can be interpreted as thus: a plus r2

(+r2) value implies a highNDVI value at a lowmaize price (after harvest) whileminus
r2 (−r2) correlation coefficient represents a high NDVI together with a high maize
price (after harvest) (Chatfield 1995). In other words, maize prices were high during
drought periods (i.e. negative anomalies) and low during wet seasons (i.e. positive
anomalies).

Aside drought, the rising dependence on maize imports in Kenya also con-
tributes to wholesale maize price fluctuations (Short et al. 2012; Jayne et al. 2008;
Groote et al. 2002). For example, in 2008, the Kenya National Cereal Pricing Board
(NCPB) imported nearly 150,000 tonnes of maize from South Africa through
Kenya’s main port in Mombasa at a price of over USD 400/tonne (Short et al.
2012). This high import price was as a result of the surge in world prices that hit
global markets in 2007–2008.

In this study, Kisumu market (r2 = −0.11) is the only site with a negative
correlation value. Positive and negative correlations values can be interpreted as:
+r2 value (implies high NDVI with a corresponding low maize price, after harvest)
and −r2 (a high NDVI with a high maize price, after harvest). This statistics output
might not necessary be due to effect of drought; but could possibly be attributed to
the size of Kisumu or the subsistence type of Kisumu market (with only a small
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amount of maize production or consumption traded). This finding agrees with Short
et al. (2012), which asserted that maize prices in Kisumu (capital city of the Nyanza
Province in southwest Kenya) were often higher than maize prices in other parts of
Kenya, by over USD 35/Tonnes.

Table 3 illustrates the result of the simple linear regression model in which
wholesale prices were regressed against lagged global price. The direction of the
correlation is positive at all lags. This result implies that, increasing global pri-
ces lead to a corresponding increase in maize wholesale price in Kenya. From
Table 3, lag3 has a correlation coefficient (r) of 82%. Optimal lag3 implies that the
dependence of wholesale prices on global prices was up to three months. In other
words, the time it takes for trader in the wholesale market to notice and respond to
the effect of global price was up to three months. The coefficient of determination
(R-squared) is 0.52 for lag0, 0.58 for lag1, 0.63 for lag2 and 0.67 for lag3. These
R-squared results show that, the amount of variations in maize wholesale price in
Kenya, as influenced by global price is 52% for lag0, 58% for lag1, 63% for lag2
and 67% for lag3.

Fig. 5 Scatter plot of maximum NDVI during the growing season (Sept., 1998–Aug., 2011)
versus maize price; one month after harvest (October, 2011) showing the direction and strength of
the correlation
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The regression result in this present study aligns with those of other previous
studies such as Kuiper et al. (2003), Van Campenhout (2007), Minot (2010),
Mundlak and Larson (1992). For example, Minot (2010) used autoregressive dis-
tributed model to show a relationship between domestic prices of 62 commodities
in 11 African countries and observed that 54% increase based on a 54% change in
international market prices of a produce, was correspondingly transmitted to
domestic prices of the same commodity. Similarly, Mundlak and Larson (1992)
regressed domestic prices against global prices in various forms and found that
most of the variations in global food prices, were transmitted to domestic prices and
global prices. Therefore, these analogies by Minot (2010) and Mundlak and Larson
(1992), have both shown how global prices can drive the major components of
domestic prices of maize products.

In summary, this study infers the ability of NDVI technique to provide useful
data for maize price characterization and drought mapping, thereby, providing
valuable inputs to the food security modelling community.

5 Conclusion and Recommendations

This study evaluated the relationship between remotely sensed vegetation indices
and wholesale maize prices in five (5) markets in Kenya, using maximum
Normalized Difference Vegetation Index (maxNDVI) values from
SPOT-VEGETATION satellite imagery of 1998–2011. The correlation statistics as
used in the study, indicates a weak relationship between the maximum NDVI
(maxNDVI) and the Kenyan maize wholesale price: Nairobi (r2 = 0.29), Mombasa
(r2 = 0.27), Kisumu (r2 = −0.11), Nakuru (r2 = 0.44) and Eldoret (r2 = 0.05).
Literally, maize prices were high during drought periods (i.e. negative anomalies)
and low during wet seasons (i.e. positive anomalies). The positive correlation could
be due to high prices of agricultural inputs which has also translated into making
maximum NDVI to be low on maize cultivated area, thus resulting in high price
after harvest. The negative correlation could imply correspondence of a good maize
production with a low price after harvest and poor maize production to a high price
after harvest.

Table 3 Result of linear regression verses wholesale price and lagged global price illustrating the
correlation coefficient (r), coefficient of determination (R-Squared) and significance of the
regression coefficients (P)

Model (in months) r R-square P

Lag0 0.73 0.52 1.65E−26

Lag1 0.76 0.58 1.22E−30

Lag2 0.79 0.63 1.11E−34

Lag3 0.82 0.67 2.05E−38
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Therefore, this paper concludes as thus: (a) maize prices in the major urban
centres of Kenya are directly influenced by global maize prices due to high reliance
on maize imports; (b) wholesale price of maize showed a lagged response to
monthly NDVI anomalies in Nakuru and Mombasa; and, (c) NDVI remote sensing
applications such as NDVI approach, has a general ability to provide useful data for
maize price characterization and drought mapping, thereby, suggesting a potential
for NDVI-based maize price monitoring, towards providing valuable inputs to the
food security modelling community.

Meanwhile, the following two (2) salient recommendations are proffered
towards improving future research: (i) since, the basic temporal NDVI profiles
show some degree of spectral heterogeneity of a masked SPOT VGT image; a
cumulative vegetation index (CVI) method is suggested as a way forward. CVI
could be useful in reducing the differences that exist during maize growing stage;
(ii) the use of a limited 25 km buffer as an area from which maize was supplied to
the sampled markets, is possibly a limitation in this present study. Hence, to correct
such, there is need to collect an on-spot (in situ) maize ground control points
(GCP) at the farm level, so as to obtain a more accurate information on maize yield.
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Anthropic Action Effects Caused
by Soybean Farmers in a Watershed
of Tocantins—Brazil and Its
Connections with Climate Change

José Jamil Fernandes Martins, Amadeu M. V. M. Soares,
Ulisses M. Azeiteiro and Mauro Lucio Torres Correia

Abstract This chapter presents the design and development of an Environmental
Sustainability Index for the Evaluation of Environmental Agricultural Sustainability
(impacts from anthropic action) applied to the Brazilian agricultural production
Soybean monoculture area. The Agricultural Sustainability Index (ISAGRI) aims to
express the degree of environmental sustainability of any agricultural production
system, regardless of the system being of organic or conventional production. As
such, it was designed to contain a minimum set of representative indicators of the
quality of soil and water, of degradation and of measures compatible with sus-
tainability. These indicators are useful both to compare the degree of sustainability
of production systems, watersheds and regions, and to evaluate in any of these
dimensions, its evolution over time. The ISAGRI employs mainly quantitative data,
being a result of the aggregation of sub-indexes and indicators and it consists of a
numerical value. This is because a high degree of comparability, as it proposes, is
necessarily linked to the use of numerical data. The indicators part of these indexes
were grouped into three dimensions named: Pressure—characterization of the
environmental degradation caused by its use; State—identification of environmental
quality and of natural resources and Response—measures taken for preservation of
environmental quality. For a better comprehension of the circumstances under
review, four alternative scenarios were proposed, preceded by some hypotheses,
where the parameters that characterize each of them are: changing the type of
planting, land use and used area or a combination of the above (planting and area).
From these numbers, which are significant, it remains very clear the need for strict
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compliance with the environmental law that deals with forest reserve, including the
restrictions to soil slopes, as well as the use of no-tillage.

Keywords Agro-ecosystems � Cerrado � Soybean � Brazil � Soil health
Agricultural sustainability index

1 Introduction

Agro-Ecosystems are subjected to various agricultural pressures and interconnected
environmental driving forces at the regional and global scales. Monoculture
exploitation and expansion may have important consequences for the sustainability
in a changing climate scenario.

Soybean production in Brazil has grown rapidly in recent years and according to the
Brazilian Agricultural Research Corporation (EMBRAPA) that is under the aegis of
theMinistry of Agriculture, Livestock, and Food Supply, Brazil is the leading producer
of soybeans in South America being the world’s second largest producer of grain.

Surveys conducted by RADAM-BRASIL project and by EMBRAPA projects at
the state level (Previero 2006), indicate that 60% of the surface of the State of
Tocantins soil is tillable and 25% more, approximately, is likely to be improved
using available technology (Tocantins is the newest state in the Brazilian Federation
that has about 200,000 km2 of flatlands, fit for mechanized farming, easily irrigable
and with a stable tropical climate appropriate to agropastoral activities) (Martins
2014, p. 18). To accomplish this, the studies carried out by EMBRAPA since the
seventies that developed the technologies for grain crops, especially soy, in the
areas of the cerrado biome were fundamental (Contini et al. 2010).

From the standpoint of the technology adopted by local soybean farmers, at
Pedro Afonso (TO), where this study was carried, it was noted in loco that they all
employ the no-tillage system. According to the observations and information
obtained from the Pedro Afonso Agricultural Cooperative (COAPA 2009), pro-
vided by technicians and soybean farmers, throughout the cultivation process
around 350 kg/ha−1 of fertilizer and 4.85 kg/ha−1 of pesticides are used. Apropos,
Bernardi et al. (2003) recommend the use of the same level of pesticides and
fertilizers in the case of no-tillage soybean crops in the cerrado, with an average
yield of 2.67 t ha−1 (COAPA 2009). The average obtained in Brazil, 2015/2016
crop, was 2882 kg/ha (with losses) (EMBRAPA). In general, the farming process
under consideration is carried out in the conventional manner.

As a result of the aforementioned farming process, an important aspect to be
considered refers to the real possibility of the presence of negative externalities in
terms of anthropic activities, practiced by soybean farmers. Can be found severe
environmental problems like those caused by industrial pollution in terms of con-
tamination and pollution of the water, erosion of cultivated areas, with loss of
fertility and desertification (due to inappropriate land use), degradation, habitat
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destruction and reduction of biodiversity by deforestation and waste discarded in
the soil, silting of streams and rivers and the influence of deforestation in the rainfall
cycle and in desertification, as well as the impacts on biogeochemical cycles and
regional climate change caused by pasture and soybean cropland expansion
(Sampaio et al. 2007).

It’s noticeable that in the short term there was a significant expansion of soybean
monoculture in Tocantins cerrado. In the 1990/1991 crop, its acreage was 4500 ha
(IBGE 2009). In the 2015/2016 crop this figure surpassed 870,000 ha (SEAGRO
2016). Until the 2003/2004 harvest Pedro Afonso was the Tocantins municipality
with the highest growth rate of the planted area and of soybean production in the
state (IBGE 2009).

Evaluating the agricultural anthropic impacts is a guarantee of sustainable pro-
duction and agricultural sustainability together with forest and ecosystem preser-
vation with increased food production. It is proposed to analyze the effects of the
anthropic actions caused by soybean farmers established in the Lajeado Stream
watershed of Pedro Afonso—TO, Brazil, and to discuss the impacts caused by
climate change observed in the area. The aim is to assess the degree of sustainability
of this farming method and also their interrelations with the ongoing climate change.

For a better comprehension of the circumstances under review, four alternative
scenarios were proposed, preceded by some hypotheses, where the parameters that
characterize each of them are: changing the type of planting, land use and used area or
a combination of the above (planting and area). This study is based on Martins
(2014), which employs the model developed by Silva (2007). It adopts the concept of
watershed expressed in CATI (2000), establishing it be “a geographical area bounded
by watersheds (spikes), drained by a river or stream, which drains rainwater.”

2 Evaluation of Environmental Agricultural
Sustainability due to Anthropic Action

Pimentel et al. (1995), apud Silva (2007) state that approximately ten million hectares
of arable land become unproductive on the planet annually. Therefore, assessing the
impacts caused by agricultural activity, using the environmental indicators and in the
form of sustainability indexes, is fundamental for proper management and mitigation
of the loss of arable land. Hence, it comes to the object of the study, using the
Agricultural Sustainability Index—ISAGRI created by Silva (2007).

2.1 Model of Pressure-State-Response of Environmental
Indicators

The following are important aspects regarding ISAGRI preparation.

Anthropic Action Effects Caused by Soybean Farmers … 259

pcastro@ci.uc.pt



Nowadays, the biggest source of environmental indicators were developed by
the “Organization for Economic Cooperation and Development” (OECD 1993),
apud Silva (2007), which provided the first tool for environmental monitoring. Its
group of indicators covers a wide range of environmental issues and additionally
incorporates indicators obtained from some industry groups and from environ-
mental accounting systems. It must be emphasized that this system employs the
Pressure-State-Response model (PSR), proposed by the OECD (1997), apud Silva
(2007), which has been accepted and adopted worldwide (Lira and Cândido 2008).
This model is based on the concept that human activities exert pressures on the
environment, changing the quality and the amount of natural resources, namely,
changing its state. Society reacts to these changes through environmental, economic
and sectoral policies. Although that model may suggest a linear interaction between
activities and the environment, it should be considered that such relationships are
complex and therefore the externalities do not always manifest themselves in a
linear fashion. From it three types of environmental indicators are specified (Fig. 1):
(a) Environmental Pressure Indicators; (b) Status and Environmental Conditions
Indicators and (c) Indicators of Social Responses.

In this model the pressures on the environment are reduced to those caused by
man’s actions, excluding those from the action of nature. According to Lira and
Cândido (2008), in order to better integrate environmental aspects to sectoral
policies, the OECD (1998) sought to group the indicators by themes and sectors.
Classification by themes was divided into: climate change, depletion of the ozone
layer, eutrophication, acidification, toxic contamination, environmental urban
quality, biodiversity, cultural landscapes, waste, water resources, forest resources,
fisheries, land degradation (desertification and erosion) and general indicators. The
sectors were classified mainly in industry, energy, transport and agriculture.

Fig. 1 PSR model for environmental monitoring. Source Tomasoni (2006)
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2.2 Preliminary Information About ISAGRI

Theoretically, the preparation of ISAGRI was based on the concept of environ-
mental agricultural sustainability seen before. Conceptually, the index is an
instrument that was designed to inform decision makers, the media and the general
public about the conditions of environmental sustainability of a particular farming
system. In ISAGRI soil quality is considered a major factor in maintaining envi-
ronmentally sustainable agricultural systems. Water quality plays a more modest
contribution, contributing only one (1) indicator of the eight (8) in which ISAGRI is
based. For Larson and Pierce (1994), Karlen et al. (1997), apud Silva (2007), a
sustainable agricultural system is one that maintains the quality of the soil in the
long term, through management practices considered conservationists such as
no-tillage; crop rotation; use of green and organic fertilizers; employing cultivation
methods that maximize the biological activity and maintain the productivity and
fertility of the soil; as well as natural and biological control of pests, diseases and
weeds. The soil quality is determined by its ability to perform its function in nature,
keeping its ability to function as a medium for plant growth, regulating and com-
partmentalizing water flow in the environment, stocking and promoting the cycling
of elements in the biosphere and functioning as an environmental “buffer” in the
formation, mitigation and decomposition of harmful compounds in the
environment.

The ISAGRI aims to express the degree of environmental sustainability of any
agricultural production system, regardless of the system being of organic or con-
ventional production. As such, it was designed to contain a minimum set of rep-
resentative indicators of the quality of soil and water, of degradation and of
measures compatible with sustainability. These indicators are useful both to com-
pare the degree of sustainability of production systems, watersheds and regions, and
to evaluate in any of these dimensions, its evolution over time. The ISAGRI
employs mainly quantitative data, being a result of the aggregation of sub-indexes
and indicators and it consists of a numerical value. This is because a high degree of
comparability, as it proposes, is necessarily linked to the use of numerical data.

The indicators part of these indexes were grouped into three dimensions named:
Pressure—characterization of the environmental degradation caused by its use;
State—identification of environmental quality and of natural resources and
Response—measures taken for preservation of environmental quality (Table 1).
These partial indexes were named as: (a) IDEG—degradation vector index; (b) IEA
—Index of agricultural ecosystem status; (c) ICOR—Index of prevention and
correction measures, respectively (Table 1).

The ISAGRI is therefore a synthetic index composed of 8 indicators, which were
converted into indexes, and then aggregated to the dimensions to which they
belong. The indicators proposed for the composition of the sub-indexes were
separately analyzed according to their function, coverage degree and unit of mea-
sure (Table 1).
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3 Study Area

The Lajeado Stream watershed is located in the Pedro Afonso—TO municipality
(Fig. 2); the Stream is about 30 km long, on average 15 m wide and has a flow of
32.70 cubic meters per second in its mouth, comprising a total area of 45,411.03 ha,
distributed as follows: 15,154.41 ha with soybeans crops; 26,069.32 ha of land
with typical cerrado cover; 2273.16 ha in fallow and 1914.14 ha with sugarcane
crops (COAPA 2009). An important part of this area consists of flat lands, easily
mechanized, offering favorable conditions for growing the crop in study.

4 Methodology

4.1 Methodology for Construction of the Agricultural
Environmental Sustainability Index (ISAGRI)

The preparation of ISAGRI started by the indicators of agricultural environmental
sustainability (Table 1) that were transformed into indexes whose values range
between zero and one, so that those higher indicate greater sustainability. To
quantify these indexes the worst and the best possible values of the indicator were
chosen.

The best value (bv) is the reference established by the literature or the one found
in the list of events that occur in the studied watershed, as long as this value is better

Table 1 Partial indexes, sub-indexes and components ISAGRI indicators

Environmental agricultural sustainability indexes (ISAGRI)

Partial indexes/dimension Sub-indexes Indicators

Agricultural ecosystem state
index (IEA)/State

Water quality index (IQA) 1—Water
physical-chemical
parameters

Soil physical quality index
(IQF)

2—Soil penetration
resistance (MPa)
3—Porosity (%)

Degradation vectors index
(IDEG)/Pressure

Erosion index (IERO) 4—Soil Loss (kg ha−1)

Defensive use
contamination potential
index (IDEF)

5—Quantity of
defensives used
(kg ha−1)

Fertilizer use contamination
potential index (IFERT)

6—Quantity of de P2O5

and N used (kg ha−1)

Prevention and correction
measures index (ICOR)/
Response

Soil management index
(IMANEJ)

7—Soil use and
management
8—Conservationist
practices
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than the one recorded in the literature. In such way, a higher degree of rigidity of
the index is employed, taking into account the provisions of the mathematical
expression (1).

The worst value, chosen from the perspective of sustainability, is the most
aggressive to the environment, within the universe that includes all

Fig. 2 Location of the Lajeado Stream watershed of Pedro Afonso municipality, in the State of
Tocantins, Brazil
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observations collected for that variable in all watersheds considered (supplementary
information 1).

Index ¼ vo� pv
mv� pv

ð1Þ

where:

(a) vo = average value observed for the indicator;
(b) pv = worst value;
(c) mv = best value.

For the preparation of ISAGRI, different weights were attributed to all indicators
of environmental sustainability of each dimension (Table 1). The Soil Physical
Quality Index (IQF), which composes the Agricultural Ecosystem Status Index
(IEA) of the status dimension was assigned weight two. It was also assigned a
weight of two to the Conservationist Practices Index (IP), which composes the
Prevention and Correction Measures Index (ICOR) of the answer dimension. The
Erosion Index (IERO) was assigned weight three, which composes the degradation
Vectors Index (IDEG) of the pressure dimension. The other indexes were given
weight one.

Agricultural Ecosystem Status Index (IEA)

The Agricultural Ecosystem Status Index (IEA) is as follows:

IEA ¼ IQAþ 2IQF
3

ð2Þ

IQA ¼
P7

i¼1 IPFi
8

ð3Þ

where

(a) (IEA) = Agricultural Ecosystem Status Index;
(b) (IQA) = Water Quality Index;
(c) (IQF) = Soil Physical Quality Index (supplementary information 2);
(d) IPFi = Average index of water physical-chemical parameters in each collection

point (Supplementary information 3).

To compose the IQF the following soil physical variables were used: porosity
and penetration resistance. Therefore, the IQF was calculated by the mathematical
expression:

IQF ¼ IPORþ IRP
2

ð4Þ
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where:
IPOR = soil porosity index

IPOR ¼
Pn

i¼1 IMACi
n

ð5Þ

where:
IMACi = Soil Macroporosity Index, average, in each collection point (supple-

mentary information 2)

IRP
Pn

i¼1 IRPi
n

ð6Þ

where:

(a) IRP = Soil Penetration Resistance Index;
(b) IRPI = Soil Penetration Resistance Index, average, in each collection point

(supplementary information 4).

Degradation Vectors Index (IDEG)

The Degradation Vectors Index (IDEG) is made-up of the Index Agricultural
Pesticides Use Contamination Potential (IDEF), together with the Fertilizer Use
Contamination Potential.

Index (IFERT) and the Erosion Index (IERO) as below:

IDEG ¼ IDEFþ IFERTþ 3IERO
5

ð7Þ

IDEF

Pn
i¼1 IQDEFi

n
ð8Þ

where:
IQDEFi = Quantity of Agricultural Pesticides Used Index (supplementary

information 5):

IFERT

Pn
i¼1 IQFERTi

n
ð9Þ

where:
IQFERTi = Quantity of Used Fertilizer Index (supplementary information 6)

IERO ¼
Pn

i¼1 IPSi
n

ð10Þ
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where:

(a) IPSI = Soil Loss Index (supplementary information 7)

Soil Management Index (IMANEJ)

The Soil Management Index (IMANEJ = ICOR) is obtained from the mathe-
matical equation:

IMANEJ ¼ ICþ 2IP
3

ð11Þ

IC ¼
Pn

i¼1 ICi
n

ð12Þ

where:

(a) IC = Soil Use and Management Index;
(b) ICi = Soil Use and Management Index of the considered crops. For this case,

we adopt the weighted average applied to each type of crop within the studied
watershed.

For the municipality of Pedro Afonso, i = 1 Þ soybean; i = 2 Þ sugarcane; i = 3
Þ cerrado; and i = 4 Þ fallow.

IP ¼
Pn

i¼1 IPCi
n

ð13Þ

where:

(a) IPCI = Conservation practices Index in the considered crops.

For this case, the weighted averages applied to each type of crop within the
watershed are adopted.

For the municipality of Pedro Afonso, i = 1 soybean; i = 2 sugarcane; i = 3
cerrado; and i = 4 fallow.

The Agricultural Environmental Sustainability Index (ISAGRI) is therefore
made by:

ISAGRI ¼ IEAþ IDEGþ ICOR
3

ð14Þ

Those interested in more details on the methods of water and soil analysis,
whose results were used to determine the Agricultural Ecosystem Index Status
(IEA) and the Soil Management Index (IMANEJ) may get them in Martins (2014).

266 J. J. F. Martins et al.

pcastro@ci.uc.pt



4.2 Sustainability Indication Thermometer

Aiming to evaluate the sustainability level of anthropogenic activity, Silva (2007)
established the “sustainability indicator thermometer”, based on key indicators of
agricultural environmental sustainability (Fig. 3).

This thermometer classifies a given anthropogenic activity in levels, and the
closer the value of the index is to 1.00, the higher the level of agricultural envi-
ronmental sustainability.

5 Results and Discussion

5.1 Agricultural Environmental Sustainability Index
and Its Sub-indexes and Partial Indexes

Agricultural Ecosystem Status Index (IEA)

We begin the analysis of the results by looking at the Water Quality Index (IQA),
the first component of the IEA (Table 2), in the Lajeado Stream micro watershed.

The average IQA value for the three seasons and for the samples collected at the
source, located at the Xerente reservation was 0.829 (Table 2), the best value
observed in that micro watershed. This is justified, evidently, due to its location,

Fig. 3 Sustainability
indication levels Source
Silva (2007)
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outside the farmers’ action area. The average value of 0.646, recorded in the
intermediate region, was the lowest, since it concentrates the largest volume of
soybean crops. This result reflects the direct effect of anthropogenic activities in the
area and the consequences of pesticides and fertilizers use, which impact the water
springs. The second worst rate, 0.707, recorded at the mouth, reflects the
improvement caused by the greater distance of the core of the plantations and
the resilience effect. For a better understanding of the fact, it should be noted that
the flow of the Lajeado Stream at its mouth is 32.7 cubic m/s (Table 3), while in its
spring it is only 0.217 cubic m/s and in the intermediate region is 19.312 m3/s. It
reinforces the hypothesis of the most obvious resilience action in the mouth region.

Therefore, from the IQA viewpoint, with a final value of 0.727 (Table 2) under
current culture conditions, it was found that the soybean planting is not causing
significant environmental damage to the Pedro Afonso—TO region. However,
looking deeper into the variables of the IQA, one realizes that ammonia nitrogen
and phosphorus, present discreet alterations between the samples collected at the
mouth of Lajeado Stream compared to those taken at its spring. The observed levels
for ammonia nitrogen and phosphorus in the spring are respectively 0.029 and
0.070 mg/L−1. However, in its mouth, the values are increase to 0.172 and
0.228 mg/L−1 (Table 4).

Throughout the considered period the ammonia nitrogen was within the limit set
by the Brazilian authorities (Table 5). However, due to phosphorus levels observed
at the mouth of the river, which only in the last collection held (Table 6) reaches the
acceptable limit, rings the proviso signal for the risk of eutrophication, even if it
does not occur in loco, but with the possibility of it happening in accumulation
areas of these waters, downstream of the studied watershed (with the recent com-
pletion of the Estreito Hydroelectric Power Plant, located north of Tocantins and
southwest of Maranhão states).

Table 2 Water quality indexes in the Lajeado stream watershed

Microbasins Identification of the
water resource

Water quality index (IQA)

Spring
averagea

Middle
averagea

Mouth
averagea

Total
average

Pedro Afonso
—TO

Lajeado stream 0.829 0.646 0.707 0.727

aAverage of three samples collected at three different periods

Table 3 Water flow at the spring, at the midpoint and at the mouth of the studied watershed

Microbasins Identification of the water resource Flow of water resources at
collection points (m3 s−1)

Spring Middle Mouth

m3 s−1

Pedro Afonso—TO Lajeado stream 0.217 19.312 32.700
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Eutrophication will increase in a climate change scenario (Moss et al. 2011).
Ongoing and future monitoring programs to address the effects of eutrophication
and climate change (see Fragoso et al. 2011, for the use of modeling and simulation
effects of nutrient enrichment and climate change) together with research on the
impacts of climate change factors on eutrophication (see Xia et al. 2016) are
necessary.

Therefore, the growth of agriculture in the region, from the IQA viewpoint,
based on available technology, should already be preceded by more accurate studies
regarding environmental protection. It should also be noted that in the vicinity of
the area now planted with soybeans a sugarcane cultivation project is being
implemented, with an estimated 33,000 ha area. Thus, the deleterious effects to the
local environment may worsen if appropriate preventive measures are not taken. It’s
noteworthy to mention it is being considered the implementation of this project in
part of the area presently being used for soy crops.

Table 5 Water quality indicators determined in water samples collected at three different points
in the Lajeado Stream micro basin in Pedro Afonso—TO

Parameter CONAMA index
(Class II waters)

Best
value

Worst
value

Observed
value

Parameter
index

Lajeado
stream

pH 6.00 < pH < 9.00 7.50 4.61 5.50 0.309

Turbidity (UNT) <100.000 1.000 70.000 6.556 0.919

Dissolved
oxygen (mg L−1)

>5.000 8.400 7.100 7.722 0.478

Total ammoniac
N (mg L−1)

<3.700 0.008 0.693 0.204 0.713

Nitrite (mg L−1) <1.000 0.000 0.005 0.001 0.800

Nitrate (mg L−1) <10.000 0.068 0.443 0.140 0.808

Total phosphor
(mg L−1)

<0.030 0.024 1.200 0.249 0.809

Chlorophyll a (lg
L−1)

<30.000 0.000 16.430 0.306 0.981

Table 6 Values of total
phosphorus (PO�

4 mg/L)
measured in the Lajeado
stream micro basin in Pedro
Afonso

Collection
date

CONAMA
index

Collection point
(Mouth)

04/08/08 <0.03 0.030

23/01/2009 0.056

08/06/2009 0.6

16/07/2009 0.074

27/08/2009 0.012
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Soil Physical Quality Index (IQF)

The result of applying the Soil Physical Quality Index (IQF) in the Lajeado
Stream micro basin show some interesting aspects (Table 7). In the area where the
Xerente Indians are settled, also bathed by the Lajeado Stream, upstream of the area
with soybean crops, as expected, the results for the Porosity Index—IPOR; of Soil
Penetration Resistance—IRP and, consequently, the soil physical quality index—
IQF were excellent, respectively, 0.888; 0.979 and 0.933, very close to the theo-
retically ideal physical quality (due to it being a long preserved environment).
However, when the contiguous area occupied by soy crops is analyzed, which is the
central object of our study, we are facing a worrying IPOR of only 0.277, even in a
context where direct tilling is used.

It should be noted that the porosity is of great importance to the
physical-chemical and biological processes such as infiltration, conductivity, drai-
nage, water retention, nutrients diffusion, microorganisms and root growth (Moreira
and Siqueira 2002), and these in turn are affected by the drivers of global change.

Soil properties, functioning and quality are affected by climate change and, as
stated by Allen et al. (2011), understanding how changes in climate relate to soil
health is vital (see Allen et al. 2011 for a review of “soil health indicator under
climate change”).

The worst Soil Quality Index, out of all the areas assessed in the state—IQF of
0.482, was observed in soybean crops (Table 7), showing that even in one of the
least aggressive forms of cultivation, the direct tillage practiced in the region, there
are serious environmental risks in terms of soil compaction. The Soil Porosity Index
becomes significantly reduced with soybean monoculture crops.

Regarding the penetration resistance index: IRP = 0.688 (Table 7), recorded at
the mouth of the Lajeado Stream, notwithstanding that it’s in an area still consid-
ered good, it also inspires care. As previously seen, the trend is that as the level of
soil porosity lowers, the penetration resistance increases and reduces the IPOR in
the planted area, which is already considered very low.

In brief, despite the severe restrictions above commented, in its aggregate, the
Agricultural Ecosystem Status Index (IEA), 0.712, found in the Lajeado Stream
watershed, presented results considered good (Table 8).

Table 7 Porosity, resistance to penetration and soil physical quality indexes in the study
watershed

Microbasins Soil
occupancy

Porosity
index
(IPOR)

Soil penetration
resistance index (IRP)

Soil physical
quality index
(IQF)

Pedro
Afonso

Xerente
reservation

0.888 0.979 0.933

Pedro
Afonso

Soybean
crop

0.277 0.688 0.482
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Soil porosity and pore size distribution needs attention in future studies, namely
on the relationship of soil health indicators and climate change (see Allen et al.
2011), and the impacts of extreme weather events (droughts and/or erosion events)
(Salvador Sanchis et al. 2008; Mullan 2013) and the necessary dedicated man-
agement strategies to prevent water erosion and the climate effect on soil erodibility
(Salvador Sanchis et al. 2008; Mullan 2013).

Degradation Vectors Index (IDEG)

The results obtained by applying the Erosion Index—IERO, a component of
IDEG, in the Lajeado Stream micro basin are presented in Table 9. At first it can be
seen the minimal loss of soil per hectare/year, in the not yet explored cerrado
region, where the Xerente Indians village lies. Only 65 kg, which yields an
excellent 0.999 IERO. However, in the area effectively planted with soybean, the
value of the loss rises to 34,726 ton. which generated a very low IERO, 0.428. This
result really causes concern, given the known adverse effects of erosion in the
production process. Two points are important to explain the difference in results,
considering that the primitive coverage and pattern of soil from two areas were the
same. The first point is that the area for soybeans crops was cleared and the second
the production process, where the soil is subjected to mechanical actions of
plowing, ploughing and chemical and biological processes seeking its correction,
fertilization, pest control (remembering that in this case there was a reduction in the
sequelae presented due to the practice of no-tillage).

In this sense, according to Dos Anjos and Van Raij (2004), the no-till system on
straw without soil disturbance by plowing and ploughing, constitutes a management
system that has been effective in erosion control. This procedure, in some way, at
least minimizes the effects of deforestation and erosion. In a more systematic way, it
is possible to say that its adoption results in a decrease in the loss of soil and
nutrients and increased levels of organic matter and stored water. Consequently,
there is improvement in soil quality with emphasis on its physical, chemical and
biological qualities, in terms of greater availability of nutrients and microbial
biomass volume, and the consequent increase in carbon and nitrogen content.

According to Table 9, regardless of the above restrictions, in general, the IERO
found for the Lajeado Stream micro basin, 0.761, can be classified as regular. This
positive outcome is the result of the high percentage of lands not arable or under
permanent crops and the practice of no-tillage.

Soil erosion and its impacts (nutrient-holding, organic matter content and soil
depth for the biota), under a climate change scenario, is a growing environmental

Table 8 Agricultural
ecosystem status index in the
studied micro basins

Description Pedro Afonso

Value Weight

Water quality index—IQA 0.727 2.0

Soil physical quality index—IQF 0.704 1.0

Agricultural ecosystem state index—IEA 0.712

272 J. J. F. Martins et al.

pcastro@ci.uc.pt



T
ab

le
9

E
ro
si
on

in
de
x,

IE
R
O
,
by

ca
te
go

ry
of

us
e
in

th
e
L
aj
ea
do

st
re
am

w
at
er
sh
ed

M
ic
ro
ba
si
n

So
il

oc
cu
pa
nc
y

A
re
a
(h
a)

A
nn

ua
l

so
il
lo
ss

(A
)

B
es
t

va
lu
e

(m
v)

W
or
st

va
lu
e

(p
v)

R
(M

J
m
m

ha
−
1
h−

1

ye
ar

−
1 )

K
(t

h
M
J−

1

m
m

−
1 )

L
S

C
P

IE
R
O

Pe
dr
o

A
fo
ns
o

(T
O
)

C
er
ra
do

26
,0
69

.3
2

0.
06

5
0.
00

60
.7
0

11
,7
88

.8
0

0.
03

1.
33

0.
00

04
0.
30

0.
99

9

So
yb

ea
n

15
,1
54

.4
1

34
.7
26

0.
10

69
0.
60

0.
42

8

Su
ga
rc
an
e

1,
91

4.
14

23
.6
77

0.
07

54
0.
58

0.
61

0

Fa
llo

w
22

73
.1
6

37
.6
20

0.
10

69
0.
65

0.
38

0

O
ri
gi
na
l

45
,4
11

.0
3a

14
.5
07

b
–

–
0.
76

1c

a T
ot
al

M
ic
ro
ba
si
n
A
re
a
ev
al
ua
te
d
at

Pe
dr
o
A
fo
ns
o—

T
O
,
as

a
fu
nc
tio

n
of

di
ff
er
en
t
fo
rm

s
of

so
il
oc
cu
pa
nc
y

b W
ei
gh

ed
av
er
ag
e
of

so
il
lo
ss
es
,
as

a
fu
nc
tio

n
of

di
ff
er
en
t
fo
rm

s
of

so
il
oc
cu
pa
nc
y
of

th
e
ev
al
ua
te
d
m
ic
ro
ba
si
n
in

Pe
dr
o
A
fo
ns
o—

T
O

c I
E
R
O

w
ei
gh

ed
av
er
ag
e
in

Pe
dr
o
A
fo
ns
o—

T
O
,
co
ns
id
er
in
g
th
e
ar
ea

to
ta
l
an
d
fo
rm

s
of

so
il
oc
cu
pa
nc
y

Anthropic Action Effects Caused by Soybean Farmers … 273

pcastro@ci.uc.pt



problem in the future (see Salvador Sanchis et al. 2008 and Mullan 2013). Once
again, mitigation measures and management of soil erosion and its impacts should
be put in place for future sustainability in the area.

Contamination Potential Index from Agricultural Pesticides Use (IDEF)

Due to the volume of pesticides used in soybean crops, at the Lajeado Stream
micro basin in Pedro Afonso, it appears that its IDEF is relatively low, 0.671
(Table 10).

According to some perspectives, from the special circumstances surrounding the
market along the past five decades there had been an evolution of pesticides with its
chemical characteristics presenting significant changes, especially in regard to the
agronomic efficiency, ecotoxicology and toxicology (Menten 2009). With regard to
the question of agronomic efficiency, in the 1960s, on average, it was consumed in
the Country 1097.50 g a.i. ha−1 of insecticides and that in the 1990s this value fell
steeply to 69.75 g ha−1 which shows the agronomical efficiency achieved, whereas
smaller doses or smaller amounts of active ingredients are required to achieve the
same goals in pest control (Seron 2010). According yet to Seron, op. cit., comparing
the averages applied in the decades of 1960–1970 with the decades of 1990–2000,
there was a percentage reduction in herbicide doses estimated at 88.4; insecticides
by 93.6 and fungicides 86.7. In the same period the toxicity of pesticides was
reduced by 160 times.

Regarding ecotoxicology, there’s also been an evolution of products for situa-
tions involving more specific actions for the target species, reaching a large degree
of specificity, targeting only specific species. Furthermore, another noteworthy
aspect is the reduction of the waste of active molecules applied to the crops. In this
sense, the legislation has barred, with increasing rigidity, products with residual
effect in crops and agricultural products, according to Menten (2009).

Analyzing the issue from another viewpoint, Spadotto and Gomes (2004, p.117)
present the following view to analyze pesticide consumption in Brazil:

In 1964 the consumption of active ingredient (a.i.) was of 16,000 tons, but in 1960 the area
planted with crops was 28 million hectares. However, in 1998 were consumed more than
128 thousand tons while the planted area was only 50 million hectares, i.e., the area of
crops grew 78% while the consumption of pesticides rose by 700%, although these are
average figures, because there are great differences in consumption between regions.

Table 10 Potential contamination index by the use of pesticides, at the studied watershed

Microbasin Soil
coverage

Area (ha) Volume
applied

Average Worst
value

Best
value

IDEF

L ha−1

Pedro Afonso
(TO)

Soybean 15.154,41 5.17 1.79 5.43 0 0.671

Cerrado 26.069,32 0.00

Sugarcane 1.914,14 1.50

Fallow 2.273,16 0.00
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Contamination Potential Index by Fertilizer Use (IFERT)

The IFERT (last IDEG component presented in the Lajeado Stream micro basin)
of 0.659 (Table 11), represents an important negative value in the composition of
IDEG (Table 12) and therefore of the ISAGRI, considering the relatively large
volume of fertilizers used in soybean crops. This fact is easily explained, taking into
account the adverse effects of the environmental contamination caused by their use.

Notwithstanding the provisos above outlined, by the classification parameter
adopted, the IFERT found in the studied watershed was classified as good.

Analyzing the relevant values of IERO, IDEF and IFERT, it is possible to finally
comment on the aggregate of the three, which makes-up the IDEG (Table 12),
which was calculated at 0.723, a result also considered good within the parameters
adopted by the survey. Note that there was a small increase with respect to the
IDEF and IFERT due to the IERO found, somewhat higher than both.

In summary, under the proviso of index aggregation, the IDEG result suggests
that there is no significant environmental impairment to environmental degradation
vectors to date.

Soil Management Index (IMANEJ)

It is known that there is a direct, positive, relationship between the size of the
area with forest cover plus the planted area using the no-till system and the result of
applying the IMANEJ. If this case the two variables are present. According to
Brazilian law, in plantations in the State of Tocantins 35% of the property area must
be preserved. In the Pedro Afonso—TO watershed the area for forest preservation is
57.41%. On the other hand, no-till is practiced throughout the planted area. This has
made a significant influence, respectively, in the factors P, conservation practices
and C, use and management of soil and, therefore, the IMANEJ as a whole
(Table 13). Nevertheless, opening up the index, it is clear that in the unexplored
cerrado region, it was very good, 0.805. But when considering the cultivated soil, it
drops alarmingly to 0.156, which means that, from the point of view of sustain-
ability, in relation to the currently existing management and conservation practices,
the level reached by the activity is still well below the desirable. On average the
IMANEJ was 0.533 (Table 13), considered regular.

Table 11 Contamination potential index by fertilizers use in the Lajeado Stream micro basin

Microbasin Use Area (ha) Volume
applied

Average Worst
value

Best
value

IFERT

kg/ha

Pedro Afonso
(TO)

Soybean 15,154.41 350.00 125.23 367.50 0 0.659

Cerrado 26,069.32 0.00

Sugarcane 1914.14 200.00

Fallow 2273.16 0.00
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Agricultural Environmental Sustainability Index (ISAGRI)

Finally, the ISAGRI of 0.656 (Table 14), weighted average of the previously
seen subindexes, applied to soybean farmers established in the Lajeado Stream
micro basin, in the Pedro Afonso—TO municipality, representing, in the aggregate,
the degree of their activities sustainability. A result considered good, calculated in
accordance with the criteria adopted in this work. It should be noted, however, it
cannot be considered reassuring, taking into account the provisos presented in the
analysis of the various partial indexes and sub-indexes that compose it.

As stated by Sabiha et al. (2016) measuring the extent of environmental
degradation in agriculture is essential (namely for countries dependent on agri-
culture). In this study the environmental factors and measurements allowed
accommodate different types of environmental impacts arising from various envi-
ronmental sources trying to cover the environmental complexity in the study area.
This first study constitutes a baseline allowing future research to follow the envi-
ronmental situation and to accommodate in the future other parameters like the ones
superimposed by climate change.

Table 12 Degradation vector index in the Lajeado Stream micro basin—IDEG

Description Pedro Afonso (TO)

Value Weight

Erosion index—IERO 0.761 3.0

Index of potential contamination by the use of pesticides—IDEF 0.671 1.0

Index of potential contamination by the use of fertilizers—IFERT 0.659 1.0

IDEG 0.723

Table 13 Soil management index in the Lajeado Stream micro basin

Microbasin Use C P IC IP IMANEJ

Pedro Afonso Cerrado 0.0004 0.30 1.000 0.610 0.805

Soybean 0.1069 0.60 0.091 0.221 0.156

Sugarcane 0.0754 0.58 0.360 0.247 0.303

Fallow 0.1069 0.65 0.091 0.156 0.124

Average 0.533

Table 14 Agricultural environmental sustainability index (ISAGRI) in the Lajeado Stream micro
basin

Description Pedro Afonso (TO)

ISAGRI = (IEA + IDEG + IMANEJ)/3 0.656
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5.2 Hypothetical Scenarios for the Pedro Afonso Watershed

Table 15 presents the ISAGRI, IQA, IPOR, IRP, IQF, IEA, IERO, IDEF, IFERT,
IDEG and IMANEJ values and soil loss for each of the four scenarios.

The first scenario analyzed was the one in which the conventional planting and
the planted area is that established by law, with regards to the forest reserve, occur.
It must be remembered that the legal requirement—RL for the region is to maintain
35% of the native vegetation, plus the Permanent Preservation Areas (APP’s). In
this case the loss of soil is 26.357 t ha−1 1 year−1, observing that the ISAGRI is only
0.466, which makes the possible embodiment of said scenario unsustainable
(Table 15).

Keeping the new scenario, were compared the results of the previous hypothesis
with, in the same area and instead of the conventional tillage, it was applied the
technique of direct planting. Then, the loss would be of 22.595 t ha−1 1 year−1

(Table 15), causing a decrease in soil loss of 3.76 t ha−1 1 year−1 when opting for
direct tillage rather than conventional, which, in percentage terms, equals to
14.27%. There would be a slight increase in ISAGRI, which would rise to 0.492
(Table 15). However, the new scenario would still be in the range of
unsustainability.

Next there is the scenario where the environmental legislation is not complied
with, doing away with the legal reserve, i.e. happens cultivation throughout the
existing area. In this case, if the planting occurs in the conventional manner, the loss
of soil is 40.514 t ha−1 1 year−1 (Table 15), where the ISAGRI reaches the lowest
value observed among all projected scenarios, namely 0.291, which makes the worst
sustainability index. On the other hand, in the case of tillage, the loss fell to 34.726 t
ha−11 year−1 and ISAGRI was 0.332, slightly higher than the previous, and yet, still
within the unsustainability range (Table 15). In this situation there was a reduction
of 5788 t ha−1 1 year−1 from one system to the other, which is equivalent in per-
centage terms to a decline of 14.29% in soil loss by t ha−1 1 year−1.

What interests to highlight here is the existing situation in Pedro Afonso, in the
current conditions, where the weighted average loss found in the region was only
14,507 t ha−1 1 year−1 considering the occurrence of tillage associated to the
existence of a forest reserve covering 57.4% of the area, i.e. 22.4% higher than
required by law, compared to the situation exemplified in this scenario. Therefore,
there was a smaller difference 26.007 t ha−1 1 year−1 the lowest, when the scenario
is conventionally tilled and 20.219 t ha−1 1 year−1 as deduced from the data pre-
sented in Table 15, in the case for a direct planting situation. From these numbers,
which are significant, it remains very clear the need for strict compliance with the
environmental law that deals with forest reserve, including the restrictions to soil
slopes, as well as the use of no-tillage.
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6 Conclusions

In a changing climate scenario the sectors of agriculture, agroforestry, sustainable
agriculture, water management and soil conservation are of great concern at present
and for the future. The definition/conceptualization and application of these indexes
allow to establish a baseline and therefore to structure long-term monitoring pro-
grams towards sustainable management of the studied agro-systems.

The 0.656 value of ISAGRI found to measure the sustainability of the pro-
duction process is relatively low, despite still being rated as good sustainability
index, according to the criteria adopted here. On the other hand, there is the concern
about the very low rate of porosity found in the planted area, with an IPOR
equivalent to 0.277. It is a worrying value, especially considering that local pro-
ducers have adopted certain soil protection measures. The practice of no-till and
nonetheless registers a low IPOR. The fear is that in the future the resistance index
to soil penetration might increase, together with lower water absorption; that there
is an increase in the volume of the rain water flow, more soil entrainment, impairing
production and agricultural productivity. The future monitoring of the environ-
mental situation is essential to assess the impact of production and possible miti-
gation measures such as good management and sustainable farming practices.

Another very serious concern is the presence of phosphorus in the waters of the
Lajeado Stream, with contents above the allowed by Brazilian authorities, which
was aggravated by the construction of a dam downstream of the growing region,
where, as already said, it can cause eutrophication. It is important to remember that
this stream crosses the soybean planting area considered in this work.

The situation described here is also conditioned by ongoing climate change
scenario. In this sense, the analysis of results and future adequacy of the contents of
this reality is also fundamental. All parameters studied for this work relate to the
ongoing climate change and its assessment must also be made in that framework. In
addition to the effects of human activities (nutrients and eutrophication, pesticides
and toxicology and health of the soil) its own agricultural production is going to be
affected by climate change.

In the context herein analyzed, there is a very serious problem related to sus-
tainability in its relations with environmental and public health. An important part
of the aggressions caused to soil, water and living things in general, especially to
people, comes from the heavy use of pesticides, acidity correctives and fertilizers
throughout the rural production process.

Finally, the projected scenarios emphasize the need for strict compliance with
the environmental law that deals with forest reserve, including the restrictions to
soil slopes, as well as the use of no-till system.
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Enhancing Food Security and Climate
Change Resilience in Degraded Land
Areas by Resilient Crops
and Agroforestry

Muhammad Saqib, Javaid Akhtar, Ghulam Abbas
and Ghulam Murtaza

Abstract Land degradation is threatening food security, life quality and climate
change resilience of rural communities in many parts of the world. Salinity and
sodicity of soil and water, and drought are considered major causes of increasing
land degradation. The soil and water problems of these areas vary in intensity and
type hence need site specific solutions. These solutions depend on the needs of the
farmers and the capability of the farmers to adapt a specific solution. These solu-
tions are the use of stress resistant genotypes of crops, grasses and trees along with
different amendments including organic and inorganic. The crops may be grown in
slightly degraded areas whereas grasses and trees may be used for moderately to
severely degraded areas. A win-win situation can be created in these areas by
reversing land degradation through integrating use of crops, grasses, trees and,
organic and inorganic amendments. The cultivation of barren lands not only ensures
food security but also contributes to the environmental conservation through carbon
sequestration and ecological rehabilitation. This chapter discusses the salt-induced
land degradation, its causes and potential solutions to profitably utilize these
degraded areas for enhancing food security and climate change resilience in these
areas on sustainable basis.
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1 Introduction

Land degradation is considered a major threat to food security, life quality and
climate change resilience of rural communities in many parts of the world. Salinity,
sodicity and drought are considered the main reasons of land degradation around
the globe and large tracts of land have been rendered unproductive by these
stresses. The estimated salt-affected area in the world is over 800 mha (Munns
2005). It occurs in 75 countries of the world and according to an estimate about
2000 ha of cropland in irrigated areas is affected by salinity and sodicity per day
(Qadir et al. 2015). The San Joaquin Valley in the United States, the Murray
Darling Basin in Australia, the Yellow River Basin in China, the Indus Basin in
Pakistan, Indo-Gangetic Basin in India, Aral Sea Basin (Amu-Darya and Syr-Darya
River Basins) in Central Asia, and the Euphrates Basin in Syria and Iraq are
commonly known hot spots of land degradation induced by salt (Qadir et al. 2014).
Climate change induced increase in temperature is aggravating the situation. The
main fresh water resources are insufficient to fulfil the agricultural needs. To
overcome the water shortage for agriculture, tubewells are extensively installed
which mostly pump poor quality water. In Pakistan for example, about 70–80% of
the pumped water from such tubewells is marginal to hazardous quality (Ghafoor
et al. 2008; Latif and Beg 2004) which is increasing the soil salinity and sodicity,
and leading to land degradation. However, it looks inevitable to use salt-affected
soils and water in agriculture (Beltran and Manzur 2005; Bouwer 2002; Qadir and
Oster 2004). It is essential for feeding and supporting the livelihood of the people
living in the affected areas in particular and for the other people around the world in
general. The use of poor quality water in agriculture is also important as it decreases
the problem of disposal of the poor quality drainage water. This may be the only
water available for the utilization and remediation of the degraded and barren lands
as the availability of good quality water for such lands does not seem possible in
future.

The land and environmental degradation endangers food security and climate
change resilience of rural people of the salt-affected degraded areas in particular and
of the society as a whole. The common staple food crops including rice, maize and
wheat are the major focus of modern day agriculture as they provide about half of
the carbohydrates, proteins and calories required by the human beings
(Lopez-Noriega et al. 2012). About 95% of the dietary energy obtained by the
human beings comes from 20 of the 100–120 plant species used in production of
food today (Parry et al. 2009). According to another estimate, only 6 species
including wheat, soybean, maize, rice, barley and rapeseed cover about 50% of
world arable land (FAO 2010). The agricultural and developmental research have
also been focused on these crop species. About one billion world people suffer from
starvation and deficiencies of one or more micronutrients particularly iodine and
iron whereas vitamin A deficiency affects about two billion people around the world
(Alnwick 1996).

284 M. Saqib et al.

pcastro@ci.uc.pt



The situation of food security, malnutrition and climate change resilience can be
improved in degraded land areas through crop diversification and use of salinity
tolerant crops and tree species. The Earth’s plant life evolved in salty water of
oceans about 3 billion years ago but this high salt adaptation of most of the plants
was lost overtime (Rozema 1996). However, still about 1% of the land plant species
have the ability to grow and reproduce under saline conditions (Rozema and
Flowers 2008). These plants include crops, grasses, trees and different ornamental
species. The purpose of this chapter is to discuss the causes of land degradation and
potential solutions for profitable utilization of degraded land areas. These solutions
are important for enhancing food security and climate change resilience in degraded
land areas on sustainable basis.

2 Salt Induced Land Degradation

The insufficient precipitation to wash out salts from the soil profile along with
irrigation without a proper drainage facility leads to land degradation in arid and
semi-arid parts of the world. The salts which accumulate in the root zone badly
affect different physical and chemical soil properties resulting in a loss of soil
productivity. Salt-affected lands may be generally grouped as saline, sodic and
saline sodic. The sodic and saline sodic soils are also known as alkali and
saline-alkali soils, respectively. Saline soils have large amount of soluble salts
which can impair growth of most of the crop plants. The sodic soils are charac-
terized with high sodium contents, deterioration of soil structure and surface
crusting. The saline sodic soils have both high soluble salts and sodium contents
therefore share the properties of saline as well as sodic soils. In addition to these
soils, there are also soils having high magnesium content (Vyshpolsky et al. 2008)
which also decreases plant growth due to poor water flow and poor distribution of
water as a result of large clod formation when plowed.

Salinization is an important cause of land degradation and loss of soil produc-
tivity. Salt-affected lands are scattered in different regions of the world including
Middle East, North and South America, North Africa, and Central and South Asia
with an extent of about one billion hectares and a loss of productivity of about two
million hectares per year around the world associated with secondary salinization
(Menzel and Lieth 1999; Yensen 2006). These arid and semi-arid areas lack good
quality water and enough precipitation to leach down surface salts leading to soil
salinization and desertification. An improper use of good as well as poor quality
water also adds to the problem. As good quality water is decreasing with time, large
volumes of brackish water as well as sea water are available. Although these poor
quality water resources are considered a problem yet these may be turned into an
opportunity if used properly. The frequency of drought and climate extreme events,
and soil salinity is subject to increase as a result of climate change (Pachauri and
Reisinger 2007).
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3 Salt-Affected Degraded Lands, Plant Growth
and Environment

Plant growth is usually reduced due to salinity and sodicity however with a dif-
ferential affect based on the plant species, salt concentration and the environmental
conditions. Salinity reduces plant growth by osmotic stress, ion toxicity and
nutritional imbalance (Grattan and Grieve 1999; Saqib et al. 2008; Schubert et al.
2009). Sodium being the dominant cation in the salt-affected soils is taken up in
abundance and mostly becomes a problem for the plants. Small quantitates of
sodium are considered essential as a mineral nutrient in C4 and Crassulacean Acid
Metabolism (CAM) plants (Brownell and Crossland 1972). Most of our crop plants
are categorised as salt sensitive with a large yeild reduction under salt-affected
conditions. About 50% reduction in dry matter production is recorded for rice
(Oryza sativa) when salinity is 80 mM NaCl, for wheat (Triticum turgidum
ssp. durum) when salinity is 100 mM NaCl and for barley when salinity is 120 mM
NaCl (Munns and Tester 2008). A lower salinity of less than 2 dS m−1 reduced
yield (per dS m−1) of beans (Phaseolus vulgaris) by 19%, pepper (Capsicum
annuum) by 14%, corn (Zea mays) by 12% and potatos (Solanum tuberosum) by
12% (Maas 1990). On the other hand, the salt-loving plants, the halophytes are able
to withstand a wide range of salinities and therefore offer good opportunity as crops
(Yensen 2006) for salt induced degraded lands. There is large diversity among the
halophytic plants that leads to their multifaceted applications including their use as
food, feed, ornamentals and biofuels or bioenergy. The possibility of crop culti-
vation in seawater has been demonstrated in the earlier years of 1960s (Boyko
1964).

Soil and water salinity/sodicity decreases crop growth and farm income which
limit the ability of farmers of the affected areas to sustain a better livelihood. It also
reduces vegetation cover and biodiversity which result in increased environmental
degradation and human health risks. Improper disposal of poor quality water causes
environmental pollution and several health hazards. The poor agricultural produc-
tion, poor vegetation and poor diversity in the degraded land areas lead to decreased
food security and climate change resilience. Land degradation induced by salinity
and sodicity mainly results from the inability of these soils to sustain vegetation
cover. The salt-affected lands usually lack any vegetation cover or have very thin
vegetation cover resulting in their poor or un-healthy contribution to the envi-
ronement. Therefore, salinity and sodicity results in increased desertification in
many parts of the world.
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4 Reclamation of Salt-Affected Soils

Salt-affected soils may be utilized for agricultural crops either through soil recla-
mation and/or through enhancing the salt resistance of different crop plants and/or
through the use of naturally salt resistant plants. The situation of salt-affected soils
may be improved through different surface and subsurface drainage techniques.
This is termed as an engineering approach. Saline soils are usually reclaimed by
heavy irrigations with good quality water whereas the sodic and saline sodic soils
need a calcium source like gypsum followed by heavy irrigation. However, the cost
of reclamation is increased as the degree of the salinization (Murtaza 2013) or
sodication (Vyshpolsky et al. 2008) increases. Good quality water is an important
pre-requisite for reclamation of salt-affected soils. Only 2.5% of the global total
water is fresh water and about two-thirds of this fresh water is present in the form of
glaciers (Gleick 2009). About 65% of the global water use is in agriculture par-
ticularly for irrigation (Postel et al. 1996). An increasing shortage of good quality
water makes its availability for reclamation impossible in future.

5 Food Security and Climate Change Resilience
in the Degraded Land Areas

Food security is defined as access of all people to sufficient, safe and nutritious food
physically and economically according to their requirements and likings for a
healthy and active living (IDRC 2010). The communities in the salt-affected areas
are usually smallholder farmers and this small scale farming is important in food
security and reduction of poverty in these areas. The biophysical dimensions of the
lands degraded due to salts are more known and studied as compared to the eco-
nomic and social aspects (Zekri et al. 2010). The people of salt-affected degraded
land areas are mostly very vulnerable to changing climatic conditions. The resi-
lience to climate change and food security of the people of the salt-affected
degraded land areas can be improved by profitable and sustainable utilization of
these soils. Saline agriculture provides a sustainable solution for such areas through
the use of resilient crops and agroforestry.

6 Saline Agriculture

Saline agriculture is an integrated use of genetic resources including plants, ani-
mals, fish and insect, and better agronomic practices for utilization of salt-affected
land as well as water resources profitably and sustainably (Qureshi and
Barrett-Lennard 1998). It is the need of the day to increase the productivity of
irrigated salt-affected areas to fulfill the food, feed and fiber needs of the growing
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population as not sufficient productive land may be available for this purpose (Qadir
and Oster 2004). The reclamation of the salt-affected areas is an established tech-
nology however it cannot be practiced in many saline sodic areas due to high cost,
shortage of good quality water and poor soil permeability (Qadir et al. 2008;
Qureshi and Barrett-Lennard 1998). The biological approach of growing
salt-resistant crops, trees and forage species provides an alternate option. The uti-
lization of organic and inorganic amendments as well as better agronomic practices
improves the establishment and performance of different plant species in degraded
land areas.

There are differences among the plant species and genotypes for salt tolerance
and to grow on salt-affected lands (Maas and Hoffman 1977). The crop species
usually grow at low to moderate salt levels and are called glycophytes (Lauchli and
Epstein 1990). On the other hand salt-resistant plants mostly comprise of shrubs
and trees and are called halophytes. Historically, there have been research efforts on
two pathways including the breeding for improving the salt resistance of the
existing crops and secondly to domesticate the salt resistant plants. However, it has
been learned that breeding for salt resistance is not easy because of the multigenic
nature of the salt resistance trait (Flowers and Yeo 1995; Flowers et al. 2010). The
second approach has also not resulted in fast progress but the researchers have kept
up both the approaches. It may be easier and more economical to develop and
maintain sustainable agro-ecosystems in highly salt-affected lands using the salt
resistant crop genotypes as well as halophytic plant speicies.

Salt-affected degraded lands and water may provide a good opportunity for
raising forests as the good land and water resources are becoming unavailable for
this purpose. A tree based approach directly helps the rural people by supplying
fodder and fuel wood and indirectly by enhancing the ecological rehabilitation and
environmental sustainability. Many countries of the world are using similar
strategies. The salient benefits of growing trees in agriculture include biodiversity
conservation, goods and services for the people, enhanced soil fertility and
improved social and economic conditions of the people (Pandey 2007; Singh and
Dagar 2009). A study from Pakistan revealed a contribution of 63 and 37%
respectively by crops and trees in an agro-forestry system. This study also showed
that the trees increased the overall income of farm and decreased the dependency of
household on natural forest for fuel wood and timber which has a positive effect on
conservation of natural forest (Essa 2004). The revegetation of the barren lands
increases carbon sequestration (Lal 2001), reduces erosion and improves environ-
mental conservation and ecological rehabilitation. The carbon sequestration
potential through reclamation and revegetation of salt affected lands may be
0.4–1 Pg C year−1 (Lal 2009).

Quinoa (Chenopodium quinoa) is a good example, it has good adaptation to
different abiotic stresses and can survive and produce under a range of agroe-
cosystems. In Incan Empire it was called as the ‘mother grain’ (Risi et al. 1984). Its
seeds have balanced amount of essential minerals, vitamins, carbohydrates, lipids,
amino acids and fibre (Vega-Gálvez et al. 2010) along with low glycaemic index
and are glutin free (Gordillo-Bastidas et al. 2016). In recognition of its importance

288 M. Saqib et al.

pcastro@ci.uc.pt



and potential, United Nations declared the year 2013 as the International Year of
Quinoa. In spite of its importance and potential it is still an understudied and
underutilized plant which needs further improvement in different agronomic
characteristics.

Salt-affected wastelands are of poor economic value but may provide an
opportunity of producing timber, different biomaterials and biomass for energy
production. With growing population, increasing living standards and pressures on
fossil-fuel supplies, the demand for other resources is growing, providing new
opportunities for the salinized marginal land and water resources (Corbishley and
Pearce 2007). This presents an approach which is low cost and environment
friendly, and can be used for the utilization of the salt-affected soil and waters on
sustainable basis in many parts of the world. Plants growing on salt-affected lands
also contribute to phytoremediation and help in mitigating the climate change
impact. The H+ ions released by roots helps in dissolution of CaCO3 and removal of
Na+ from calcareous saline-sodic/sodic soils (Qadir et al. 2003). Release of organic
acids as root exudates acidifies rhizosphere (Marschner 2003) and may also help in
dissolving CaCO3 and Na+ removal from a calcareous saline sodic soil hence
improving soil conditions for plant growth. The halophytic salt-tolerant plants have
been successful under saline conditions of India (Tomar et al. 2003), Pakistan
(Qureshi et al. 1993) and Australia (Barrett-Lennard 2002). Growing salt-tolerant
forage and tree species provides good opportunity for the profitable and sustainable
use of salt-affected degraded soils and water (Masters et al. 2007; Qadir et al. 2008).

The living conditions of the people of the salt-affected areas are very poor
because of no/very low production from these lands. Studies have shown poor
health and housing conditions, poor literacy rate and purchasing power of the
people of the salt-affected areas (Qureshi and Barrett-Lennard 1998). The poor and
non-skilled people of the salt-affected areas usually have no other option except to
relly on the lands to earn their livelihood. The poor people are more vulnerable to
the impacts of air and water pollution and bear more effect of environmental
degradation when crop yields and agricultural productivity are reduced (ADB
2002). Therefore, reduced impact of salinity and other environmental degradation
factors will reduce rural poverty and improve living conditions of the people.

As described earlier, saline agriculture advocates an integrated use of the
available genetic resources including plants, animals, fish and insect, and better
agricultural practices for profitable and sustainable use of salt-affected land and
water resources (Qureshi and Barrett-Lennard 1998). As discussed by Jacobsen
et al. (2015), Qadir et al. (2008), Qureshi and Barrett-Lennard (1998) and Rozema
and Schat (2013), Saline Agriculture may comprise of a general strategy, site
specific practices and, short and long term programs of Saline Agriculture as
described here.
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6.1 General Strategy of Saline Agriculture

General strategy of Saline Agriculture includes an evaluation and assessment of the
prevailing situation and aspiration of the farmers. The available water and soil is
analysed and evaluated for different quality parameters. The local needs of the
farmers and of the community, the aspiration of the farmers concerned and, the
market trends are assessed. Based on this information, a general strategy is devised
for the use of different plant species and agronomic practices as shown below:

• Slightly to moderately salt-affected soils

– salt and drought tolerant varieties of crops and grass species can be grown on
such soils with improved agronomic practices.

• Highly salt-affected soils

– These soils may be used for tree species of high salt tolerance (Eucalyptus,
Acacias, Tamarix etc).

– Salt tolerant grass species and forage shrubs like Atriplex species etc. can be
planted in between the tree rows.

– In these areas, small animals may be introduced after about 2-years of
intervention and large animals may be allowed after about 3 years of
intervention for controlled grazing.

• On the basis of the farmer’s interest and requirements of the local market, salt
and drought tolerant fruit trees, apiculture and fishery can be included in the
program.

• The crops and forage species can provide economic returns to the farmer in
1–2 years however trees grown in the waste lands may provide economic return
in 5–7 years. A list of common salt tolerant plant species with particular benefits
is given in Table 1.

6.2 Site Specific Practices for Saline Agriculture

Salt-affected degraded land areas are diverse in nature and characteristics and
requires site specific practices for successful utilization of the land. Depending on
the site characteristics, these site specific practices may include the followings:

• Poor germination and seedling establishment may be tackled by seed priming,
higher seed rate and by increasing number of plants.

• In soils with a hard pan at a certain depth, trees may be planted after breaking
the hard pan. Hard pan usually restricts the root growth.

• To decrease salt load in the root zone while new tree plantation, the tree
seedlings may be planted at some height on the side/shoulder of the irrigation
trenches.
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Table 1 Some salt tolerant plant species for saline agriculture

S. no. Plant species Potential use and salt tolerance Country of study/References

1 Acacia
ampliceps

• As fuel and fodder
• As windbreak and for soil
conservation

• EC (electrical conductivity):
15–20 dS m−1

Australia/Marcar et al. (1995)

2 Acacia
nilotica

• As fuel, fodder, timber, gum
and lac

• EC:15–21 dS m−1

Pakistan/Qureshi et al. (1993)

3 Albizzia
lebbeck

• As fuel, fodder and ornamental
plant

• As windbreak and for soil
conservation

• EC:15–21 dS m−1; SAR
(sodium adsorption ratio): 38

Pakistan/Qureshi et al. (1993)

4 Sesbania
sesban

• As fuel, fodder and ornamental
plant

• As windbreak and for soil
conservation

• EC:15–21 dS m−1; SAR: 38

Australia, Pakistan/Evans and
Macklin (1990), Qureshi et al.
(1993)

5 Leucaena
leucocephala

• As fuel and fodder
• As a nitrogen fixing agent
• EC:14 dS m−1; SAR: 30

Pakistan/Qureshi et al. (1993)

7 Atriplex
amnicola

• As fodder and fuel
• EC: 30–40 dS m−1

Australia, Pakistan/
Barrett-Lennard and Malcolm
(1995), Perveen (2002)

8 Atriplex
lentiformis

• As fodder and fuel
• EC: 30–40 dS m−1

Australia, Pakistan/
Barrett-Lennard and Malcolm
(1995), Perveen (2002)

9 Grewia
asiatica

• As fruit
• Sticks used for making baskets
etc

• EC:16 dS m−1; SAR: 28

Pakistan/Qureshi et al. (1993)

10 Zizyphus
mauritiana

• As a fruit
• As fuel, fodder and lac
• High salinity and sodicity
tolerant

Pakistan/Qureshi et al. (1993)

11 Sorghum
sudanese

• As fodder
• EC: 14 dS m−1

Pakistan/Malik et al. (1986)

12 Leptochloa
fusca

• As fodder and as soil cover
• To produce mushrooms and
biogas

• EC: 22.3 dS m−1; SAR: 150

Pakistan, India/Malik et al.
(1986), Gupta and Abrol (1990)

13 Chloris
gayana

• As fodder
• As a soil cover
• EC: 23 dS m−1

Saudi Arabia, Pakistan/Fisher and
Skerman (1986), Qureshi et al.
(1993)

(continued)
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• Use of gypsum as a source of calcium is very effective in soils having sodicity
problem due to high exchangeable sodium. Gypsum is a cheap and easy to use
source of calcium for such soils.

• The use of Ca containing fertilizers such as single super phosphate is preferable.
• Appropriate use of Zn, B and other nutrients is helpful for plant establishment as

degraded lands are usually poor in these essential plant nutrients.

6.3 Short and Medium-Long Term Programs of Saline
Agriculture

Saline agriculture is a comprehensive approach to tackle the problem of
salt-induced land degradation and it comprises of short as well as medium to long
term solutions based on the local needs and future planning of the farmers. The
short and medium to long term solutions include the followings:

6.3.1 Short Term Programs

The immediate start of the utilization of degraded land areas contributes to farmer
income and environmental betterment. Therefore, it is very important to start cul-
tivation of the degraded land areas at the earliest. The short term solutions available
for these areas include the followings:

• Site specific land use and management practices:

– Salt resistant crops and fish farming may be used in slightly salt-affected
areas

– Salt resistant crops, grasses and livestock farming may be used in moderately
salt-affected areas

– Salt tolerant trees and shrubs may be grown on highly salt-affected lands
– The establishment of different crops and plants may be improved through

better irrigation, seed priming and placement, bed sowing, fertilizer man-
agement, pit planting and transplantation of seedlings etc.

• Creation of seed banks of native species may improve the provision of seeds to
the farmers at the time of need.

Table 1 (continued)

14 Azadirachta
indica

• As a medicinal and shade plant
• Moderately salt tolerant

India/Ahmad and Chang (2002)

15 Cymbopogon
flexuosus

• As a medicinal plant
• EC: 10 dS m−1; SAR: 50

India/Patra and Singh (1998)
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• Diversification and mix farming is better than using a single crop or crop variety
as diversification may improve the success of cropping on such soils.

• Flooding removes the salts from the root zone temporarily and plants can get
established easily in this situation. These salts again come to the surface soil
with time and may cause problem of plant establishment. Therefore, the flooded
degraded lands should be planted with trees and other suitable plants as soon as
possible.

6.3.2 Medium-Long Term Programs

The rehabilitation of degraded land areas on sustainable basis is the need of the day
and requires medium to long term solutions. These solutions should be considered
and started as soon as possible alongside the short term solutions. These solutions
include the followings:

• Selection and development of stress tolerant crop varieties and domestication of
wild plants. There should be continuous programs at national and international
levels for this purpose as these are time consuming processes.

• GIS (Geographic Information System) and remote sensing based monitoring of
the existing and periodic changes in the soil salinization and land degradation
should be carried out for proper documentation and planning.

• Development and improvement of irrigation and drainage system for sustainable
utilization of degraded lands and water.

• Development of Science and Technology Parks for demonstration of research to
the stake holders. Field demonstrations in the degraded land areas showing the
successful utilization of these lands for different purposesmay give a confidence to
the farmers and stakeholders to use the same or similar technology for the reha-
bilitation and profitable utilization of their degraded lands on sustainable basis.

7 Conclusions and future outlook

Land degradation can be controlled and a sustainable situation (i.e. land use and
income) can be created on the degraded wastelands through a site specific inte-
grated approach involving stress tolerant crops, grasses and trees along with organic
and inorganic amendments. The degraded lands may become a resource as carbon
sequestration is an emerging opportunity for these land resources and these may be
a source of energy and carbon credits. The utilization of the salt-affected lands and
water will have a direct and long term impact to the improvement of the
socio-economic conditions and the local and regional environment in the area.
Therefore, the degraded lands and water should be treated as valuable resources and
not as wastes. These areas may be developed into opportunities in future by the
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consistant efforts of the scientific community, all the stakeholders and the policy
makers. They all should work for improved solutions and technologies for the
profitable and sustainable utilization of degraded land resources.
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Community Participation in Climate
Change Mitigation Research in the Arid
and Semi-Arid Areas of Sudan

N. A. Mutwali, M. E. Ballal and A. M. Farah

Abstract Three studies were conducted in three states within the arid and
semi-arid zones of Sudan namely; Northern State, White Nile and North Kordafan
States. The Northern State is located between latitudes 16° 53′ and 16° 56′ N and
longitudes 31° 36′ and 31° 40′ E. The soil is sandy with inherent deficiency in
nitrogen and organic matter. The mean annual rainfall is 40 mm only, and the mean
minimum and maximum temperatures are 39 and 23 °C, respectively. The objec-
tives of this study were to develop methods for controlling wind erosion using
different methods of establishment for different tree species with the involvement of
local communities in field work and protection of farms. The study site in the White
Nile State is located in Central Sudan (32° 15′ N and 14° 45′ E). The average rainfall
is less than 200 mm. The soil of the study area is classified as White Nile clays. The
third study was conducted in North Kordofan State (11° 15′ and 16° 45′ N; 27° 05′
to 32° E) where the soil is sandy and the annual rainfall is about 318 mm and where
the accumulation of sands affected up to 50% of the agricultural land. The
Agricultural Research Corporation and the Forests National Corporation organized
extension work and training for the local communities in controlling desertification
and stabilizing sands using seeds and seedlings in home nurseries. The studies
recommended the establishment of drought tolerant trees by integrating mechanical
protection means with seedlings planting in the arid and semi-arid lands of Sudan
for stabilizing the highly moving sand dunes.
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1 Introduction

Sudan, the third largest country in Africa, covers an area of about 1.86 million km2,
much of which is comprised of desert and arid lands. It lies within the tropical zone
between 10° and 23° N and 21° 45″ and 38° 30″ E and bordering seven countries
and shares surface and ground water with 12 countries. Its topography can be
broadly characterized as vast plains interspersed by widely separated ranges of hills
and mountains. The country is 29% desert, 19% semi-desert, 27% low rainfall
savanna, 14% high rainfall savanna, 10% flood regions (swamps and areas affected
by floods) and less than 1% mountain vegetation. The country’s population is 40
million people and is divided administratively into 16 States. The economy has long
depended on agricultural and livestock exports but in recent years gold and oil have
been exploited.

An examination of Sudan’s ecological zones indicates that the majority of its
land is highly vulnerable to changes in temperature and precipitation. The mean
annual temperature lies between 26° and 32° but in some areas it reaches 47 °C
causing a lot of stresses and heat related diseases. The country’s inherent vulner-
ability can be explained by the fact that food security is dependent on rainfall,
particularly in the rural areas where about two thirds (65%) of the population lives.
Rainfall is erratic and varies significantly from the North to the South. The unre-
liable nature of rainfall together with its concentration during the short growing
season increases the vulnerability to failure of the rain-fed agricultural crops.
A trend of decreasing annual rainfall in the last 60 years (0.5%) and increased
rainfall variability is contributing to drought conditions in many parts of the
country. This pattern has led to serious and prolonged drought episodes. For
example, Sudan experienced a succession of dry years e.g. 1974, 1984 and 1991,
which have resulted in severe social and economic impacts including many human
and livestock fatalities, migration and displacement of several million people.
Drought problems such as these will increase if trends continue (Fadl El Moula and
Elgizouli 2008). Sudan experienced some severe floods of two specific types during
the past several decades. The first type occurs during heavy rain when high levels of
water overflow the River Nile and its tributaries, usually due to above normal rainy
seasons in the Ethiopian Plateau. Severe floods were reported in 1946, 1988, 1994,
1998 and 2001. The other type of flood occurs as a result of heavy localized rainfall
reported in 1952, 1962, 1965, 1978–1979, 1988 and 1997 (HCENR 2005). In
addition to drought and floods there are other climate extreme events such as dust
storms, thunder storms and heat waves.

In the arid lands of Sudan, soil erosion is also one of the major problems that
have occurred as part of geological processes and climate change. Erosion is
becoming more severe and it is accelerated by adverse human activities.

Wind erosion is an important land surface process which has received attention
in many countries. The transport of the finest and most valuable soil particles by
wind and water has led to degradation processes affecting the agriculturally used
areas and pollutes the atmosphere (Roger and Michel 2013). Scientists have long
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been interested in the direct and indirect effects of wind erosion The earliest pub-
lication relating to aeolian processes was written by astronomer Godefroy Wendelin
in 1646 (Stout et al. 2009). Wind erosion is a soil degrading process that affects
more than 500 million hectares of land worldwide and creates between 500 and
5000 kg of fugitive dust annually (Grini et al. 2003).

The climate change and the associated effects on human society in general and
agriculture in particular have set the problem of wind erosion in a broader per-
spective (Funk and Reuter 2006). Wind erosion has received more attention as a
process responsible for decrease in soil fertility and as source of atmospheric
pollution (Oldemann et al. 1990; Gobin et al. 2003; Warren and Bärring 2003). The
removed soil particles may be deposited downwind to become part of the new
landscape or may be transported to oceans where the rich nutrient dust enhances
aquatic life (Morales 1977). The average annual soil loss resulting from raindrop
splash and runoff from field slopes, is still most frequently used at large spatial
scales (Renschler and Harbor 2002 and Panagos et al. 2014). In addition to soil
fertility degradation, there is a disproportionate loss of soil organic carbon (Van Pelt
et al. 2007) and soil fines may affect soil water infiltration and holding capacity,
further affecting soil productivity in semiarid regions. However, estimating soil
erosion rates and amounts began in the USA since the 1920s and rapidly advanced
in the 1930s following the devastating impact of the “Dust Bowl” on the American
Great Plains (Römkens 2010).

For effective biological control against wind erosion, some literature suggests
that shelterbelts should be designed to contain 10 or more rows of trees and shrubs
to provide maximum benefit to wildlife and land/home owners (IOWA 2010).
Biological control through field investigations indicated the effectiveness of trees
and shrubs to suppress moving sand compared to other mechanical measures
(Al-Amin et al. 2006; Al-Amin et al. 2010; Shulin et al. 2008; Mohammed et al.
1999). However, in Sudan the main degraded zones are the arid and semi—arid
zones where 76% of the human population lives (Ayoub 1998). Dregne et al. (1991)
estimated that nearly 70 million hectares of Sudan land are very severely degraded.
In North Kordofan, sand movement is a serious problem facing the land and people
of Namla village. To alleviate this problem, wind breaks and shelterbelt are
expected to reduce the severity of wind erosion. In this respect, experience derived
from various international and national projects has demonstrated that people can
devise their own alternative actions to deal with local problems. Therefore, com-
munity participation is a proven approach to addressing a number of agricultural
and environmental problems. Hence, a number of experiments were conducted in
Northern Sudan, White Nile and North Kordofan States so as to measure soil
erosion and sand accumulation, to investigate the limitations for natural regenera-
tion of vegetation, and to seek effective methods for controlling wind erosion with
the involvement of local communities.
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2 Materials and Methods

2.1 Mechanical and Biological Methods for Controlling
Wind Erosion at Um Jawaseer Area in the Northern
Sudan

This study was carried out at Um Jawaseer village in Merawe locality in the
Northern State. Um Jawaseer area is located within the arid zone of Sudan. It lies
between latitudes 16° 53′ and 16° 56′ N; and longitudes 31° 36′ and 31° 40′ E. The
rainfall is generally low and erratic. The mean annual rainfall is 40 mm that falls
between July and September. Average evaporation is 16.4 mm which is high
enough to reduce effectiveness of precipitation. The relative humidity is 30.2%.
Extreme high temperature characterizes the area during summer months reaching an
average maximum of 39 °C and a minimum of 23 °C. The main wind direction
constitutes the northeast strong dry winds blowing from October to June with sand
storms resulting from the seasonal movement of the Inter Tropical Convergence
Zone. However, during July to September the dominant wind direction is the
southern wind but the direction is sometimes interchanged between west and east.
Wind speed is 12.5 (km/h). The soil is sandy with low nitrogen and organic matter
contents, low available P, very low CEC that can be considered as infertile but
non-saline, non-sodic, with somewhat high bulk density, medium porosity and
hydraulic conductivity and low available water capacity (AWC). Some patches of
compacted soil and salinity are generally found in this area.

2.2 Effect of Mechanical Protection of Wind Erosion
on Growth and Survival of Different Tree Species

A 3-factor randomized complete block experiment with three replications was
conducted to study the effect of mechanical methods of protection against wind
erosion as reflected on growth and survival of four indigenous tree species under
rain fed conditions. The first factor comprised three methods of mechanical pro-
tection namely checkerboard, surface lying and a flat area with no mechanical
protection as control. Checkerboards were made by tying palm leaves together to
make a one meter high barrier which is constructed around the planted area for
protection from wind. Surface lying was made by collecting dry bushes tied as a
bundle so that the trees can be grown between two bundles. The control consisted
of planting the trees without protection. The second factor comprised four tree
species, namely Salvadora persica,Moringa pregrenia, Acacia tortilis and Ziziphus
spina christi. The third factor consisted of the method of establishment by direct
seeding or seedlings planting. Each treatment combination was represented by 4
trees making 96 trees per replication and a total of 288 trees. Survival and growth of
the tree species were measured after one and two years from planting. Analysis of
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variance and Duncan’s Multiple Rage Test at 0.05 probability level was used
according to MSTAT-C software package.

2.3 Assessment of Soil Erodibility

Estimation of soil erodibility of individual grains is dependent upon their diameter,
density and shape. Soil erodibility index was estimated using the procedure
described by Chepil (1945). Soil erodibility is best estimated by carrying out direct
measurements on field plots (Kinnell 2010). Panagos et al. (2012a) estimated soil
erodibility based on soil texture and organic carbon data obtained from the Land
Use/Cover Area Frame Survey (Toth et al. 2013).

To determine erodibility, a spade was pushed under the surface soil layer to a
depth of 3 cm. five soil samples 0.5 kg each were taken and air-dried. The per-
centages of soil aggregates greater than 0.84 mm in diameter were determined
using a sieve of the same size. Soil erodibility was determined using indices
developed by Woodruff and Siddways (1965); and Skidmore and Siddways (1978).
Erodibility is calculated by the following equation:

I erodibilityð Þ ¼ weight of grains[ 0:84 mm� 100
Total weight of sample

2.4 Assessment of Wind Erosion Using Sand Traps

Vertical sand traps were fixed in the north and south directions of the physical
barriers (checkerboard and surface lying) for measuring wind erosion and sand
movement. The vertical trap is a metal pipe with three levels 15, 30 and 45 cm from
the surface of the ground. It has two windows in opposite directions. Each window
is 1 � 1 cm and one of the windows is open and the other is covered with mesh to
control the sand grains entering though the open one. The traps were discharged
every three months and wind erosion (ton ha−1 day−1) was calculated using the
following equation:

Wind erosion ¼ weight of soil sample gð Þ � 100
number of days� area of trap

However, in the newly established young tree belt, plastic cans (21 � 21 � 40 cm
dimensions) were erected as horizontal traps in the windward and leeward directions
of the shelterbelt. Four traps were constructed per each replication in each side of the
young trees’ belt. These traps were discharged every three months and the wind
erosion (ton ha−1 day−1) is calculated using the above equation.
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2.5 Effect of Shelterbelts on Sand Accumulation
and Seedlings Establishment of Indigenous Tree Species

This experiment was conducted in the leeward side of Um Jawaseer shelterbelt
which is composed of six rows of six-years-old tree species namely; Eucalyptus
microtheca, Prosopis chilenses, Ziziphus spina-christi, Azadirachta indica,
Conocarpus lancifolius and Acacia amplicips. A two-factor randomized complete
block design experiment with three replications was used. Four tree species
namely Acacia tortilis, Acacia oerfota, Leptadenia pyrotechnica and Zizipus
spina christi as factor one, were planted using 2 � 2 m between trees and
3 � 3 m between rows. Two methods of sowing viz. direct seeding and seedlings
planting constituted the second factor. Each treatment combination was repre-
sented by ten trees making a total of 240 trees. Tree height, diameter, survival
rate and number of branches were measured every 3 months. Soil erodibility was
determined using Woodruff and Siddways (1965); Skidmore and Siddways
(1978) indices.

2.6 Degradation of Vegetation at Elgetaina Area
in the White Nile State

This study was carried out in central Sudan, east of Elgetaina town in the White
Nile State (32° 15′ North and 14° 45′ East) during 2004–2006.The climate is
atypical tropical continental, characterized by warm dry winter and hot rainy
summer. The mean temperatures are 37 and 21 °C for summer and winter,
respectively. Relative humidity is lowest in April (10%) and highest in August
(67%). The mean daily evaporation is highest in April (20 mm) and lowest in
August (10.8 mm). The wind blows in the dry season from the south-east direction
at about 4.5 m/s. Dust storms (Haboobs) are common during the summer season.
The soils of study area are classified as White Nile clays (Brawn et al.1991) with
60–70% clay content and are rather uniform in texture and profile features.

2.7 Sampling

Four sample plots of 500 � 500 m each were selected randomly in the study area
and composition of the vegetation cover was assessed. A total of 40 soil samples
were taken from two depths (0–30 cm)-(30–60 cm) during April 2004. Soil anal-
ysis was carried out at the Land and Water Research Centre of The Agricultural
Research Corporation (ARC) Sudan.
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2.8 Measuring Wind Erosion and Sand Accumulation
at Namla in Western Sudan

This study was carried out at Namla village in North Kordofan State which lies in
the Northern part of western Sudan at 71 km North East of Elobeid town. About
50% of the agricultural land (approximately 3000 ha) were covered by sand dunes.
The annual rainfall is about 318 mm. The vegetation cover is composed of Acacia
senegal, Balanites aegyptiaca, Acacia tortilis, Ziziphus spina christi, and
Leptadenia pyrotechnica. But in the study area the soil is devoid of vegetation
because of tree cutting, over grazing, and agricultural expansion. However, the
understory vegetation is compound of Cenchrus ciliaris. Cenchrus biflorus and
Cassia tora. The total population is 1645 mainly from Gawamaa tribe. The agri-
cultural system is traditional, where sesame, sorghum and gum arabic constitute the
main food and cash crops.

The Agricultural Research Corporation and the Forests National Corporation
organized extension work and training for the local communities in order to control
desertification thought the stabilizing of moving sands using seeds and seedlings
grown in home nurseries.

2.9 Assessment of Wind Erosion Using Sand Traps

Vertical and horizontal sand traps were established for measuring wind erosion and
sand movement in the study area. The horizontal traps were namely plastic cans
with 21 � 21 cm dimension erected in the windward and leeward directions of the
shelterbelt and arranged in three replicates used in the northern and southern wind
directions. The traps were discharged every month and the wind erosion (ton
ha−1 day−1) was calculated using the previous equation. Vertical traps were erected
in the northern and southern wind directions. The vertical trap is a metal pipe with
three levels: 15, 30 and 45 cm from the surface of ground. It has two windows in
opposite directions. Each window is 1 � 1 cm and one of the windows is open and
the other is covered with a piece of mesh to control the sand grains entering though
the open one. These traps were discharged every month and wind erosion (ton
ha−1 day−1) was calculated using previous equation. These vertical traps were
constructed in front of and behind the shelterbelt in the northern and southern
directions.

2.10 Assessment of Soil Erodibility

Estimation of soil erodibility of individual grains is dependent upon their diameter,
density and shape. Soil erodibility index was estimated using the procedure
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described by Chepil (1945). Erodibility of soils with different percentages of
non-erodible fractions was determined by standard dry sieving for a fully crusted
soil surface regardless of soil texture. However, good soil structure and high
aggregate stability are important parameters for improving soil fertility, enhancing
porosity and decreasing erodibility (Bronick and Lal 2005). In practice, erodibility
represents an integrated average annual value of the total soil and soil profile
reaction to a large number of erosion and hydrological processes (Bonilla and
Johnson 2012).

In measuring erodibility, a spade was pushed under the surface soil layer to a
depth of 3 cm. Five soil samples 0.5 kg each were taken and air-dried. The per-
centages of soil aggregates greater than 0.84 mm in diameter were determined
using a sieve of the same size. The soil erodibility index was estimated for each
field sample using previous erodibility indices.

2.11 Effect of Shelterbelt on Sand Accumulation
and Seedling Establishment

This experiment was conducted in the leeward side of Namla village. The tree
species which were selected to control sand movement were
Leptadeniapyrotechnica, Acacia tortilis, Acacia senegal, Balanitesaegyptiaca,
Faidherbiaalbida, and Panicumturgidumin the under story. Two methods of
sowing viz. direct seeding and seedlings planting were used. Tree height, diameter,
survival rate and number of branches were measured every three months. Soil
erodibility was determined using Woodruff and Siddways (1965); Skidmore and
Siddways (1978) indices.

2.12 Home Nurseries (Individuals)

The Agricultural Research Corporation and the Forests National Corporation
organized an extension work for the local community by training them on con-
trolling desertification and sand dune stabilization using seedlings and seeds in
home nurseries. The main species produced by the local people in home nurseries
were Acacia senegal, Acacia mellifera, Grewiatenex, Azdirachtaindica,
Balanitesaegyptiaca and Ziziphus spina christi.
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3 Results and Discussion

3.1 Mechanical Control of Wind Erosion

The average erodibility of the soil at Um Jawaseer in the Northern Stateof Sudan
was 16.8 (Table 1). Erodibility was calculated on the basis of indices developed by
Woodruff and Siddways (1965) or 37.2 according to Skidmore and Siddway
(1978). The former erodibility values falls within the values given in Skidmore and
Siddoways (1978) table of erodibility. This result evidenced moderate wind erosion
in the study area, where some materials of the soil were removed and some
deposited. Breshears et al. (2008) measured sediment transport rates ranging from
0.17 to 27.4 g m−2 d−1, respectively.

Table 2 shows soil accumulation (ton ha−1 day−1) according to trap height, the
highest (76.8 ton ha−1 day−1) sand accumulation was obtained at the 15 cm height
of trap followed by the 30 cm and the 45 cm heights, respectively. This result
proved that sand movement in this area is in the form of surface creep. Seedlings
planting under the three methods of mechanical protection showed that checker-
boards has the highest survival (61.4%), followed by surface lying (57.8%) and the
control (52.1%) as shown in Table 3. In this respect, studies conducted by Chepil
(1945), Chepil and Woodruff (1963), Woodruff and Siddways (1965); and
Skidmore and Siddoways (1978) showed that the quantities of various crop residues
needed to protect soils from wind erosion have been determined and compared to
an equivalent amount of flat small grain. The relationship between physical prop-
erties of the residues and erosion was modeled by Lyles and Allison (1976, 1980,
1981). Where the sand is fixed, soil formation can begin; fine particles are accu-
mulated and a hard soil crust is formed on the dune surface improving both the
micro-environment and the stability of the dune surface. The straw checkerboard
can significantly increase the content of organic matter of the surface soil. The
technique has several advantages such as: remarkable effect on dune fixation, ease
of construction, rapid results, and no pollution of the environment. However, its
labor cost is high and the replacement of the straw after 3–5 years can be a problem.
The straw checkerboard decreases wind velocity near the ground surface and can
prevent wind erosion of the soil. After establishment, the straw gradually rots and

Table 1 Estimation of soil erodibility at Um Jawaseer in the Northern State, Sudan

Sample Aggregates greater
than 0.84 mm

Erodibility (Woodruf
and Siddways)

Erodibility (Skidmore
and Siddways)

1 65 16.5 37

2 60 21.0 47

3 61 20.0 45

4 66 15.6 35

5 71 11.0 22

Average 64.6 16.8 37.2
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converted to organic matter. Checkerboards are widely used for dune fixation in
arid and semi-arid regions of China (Maki 1999). Research has shown that the straw
checkerboard significantly increases the roughness length and decreases the sand
content in the sand flux by as much as 99.5% (SDRS 1986; Liu 1987; Liling 1991;
Wang 1991; Xu et al. 1998). The extent of dune fixation depends on the dimensions
of the checkerboard. In this respect, a size of 1 � 1 m, as in the present study has
remarkable wind break and dune fixation effects (SDRS 1986; Wang 1991).

There was also a highly significant interaction of species and method of pro-
tection (P� 0.01) on height growth (cm). Ziziphus spina Christi seedlings have the
highest growth (>23.0 cm) in height under surface lying and control and also under
checkerboard method.

The lowest growth in height for all the selected species was in the control
compared with the other methods of protection. Moringapregrina and Acacia
tortilishave reached about the same height using surface lying. Similarly Ziziphus
spina christi and Salvadorapersica has the same height using checkerboard
method. On the other hand, Moringapregrina and Acacia tortilis gave the lowest
height growth (17.0 cm) using checkerboard method. Salvadorapersicahas the
lowest height growth (17.9 cm) as control. Surface lying gave the highest height
growth in all the selected species followed by checkerboard and control (Table 4).

Table 2 Sand accumulation
(ton ha−1 day−1) according to
trap height at Um Jawaseer in
the Northern State, Sudan

Trap height (cm) Soil accumulation (ton ha−1 day−1)

15 76.79 a

30 56.69 b

45 15.96 c

P P = 0.0001

SE± 3.1782

Means with the same letters are not significantly different
according to DMRT at P� 0.05

Table 3 Effects of
establishment and protection
methods on tree survival (%)
at Um Jawaseer in the
Northern State, Sudan

Method of protection Method of establishment

Seeds Seedlings

Checkerboard 46.9 d 61.4 b

Surface lying 44.3 e 57.8 b

Control 43.3 e 52.1 c

P 0.0001

SE± 0.690

Means with the same letters are not significantly different
according to DMRT at P� 0.05
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3.2 Biological Control of Wind Erosion Using Trees

The combined analysis of two-years on the effect of biological protection against
wind erosion using the four species revealed highly significant (P˂0.01) effect of
the interaction of species and years on height growth (cm). Acacia oerfota has the
highest growth (65.7 and 108.7 cm) compared with the other species in both years,
respectively. Ziziphus spina christihas the lowest growth of 27.1 and 46.0 cm in
both years, respectively. Lyptadenia pyrotechnica and Acacia tortilis showed no
significant difference in their height growth in the first year and also in the second
year of establishment (Table 5). The effect of species on diameter growth (mm) was
found to be significant (P˂0.05). The four species, i.e. Ziziphus spina christi,
Acacia oerfota, Leptadenia pyrotechnica and Acacia tortilis have similar diameter
growth in the first year of establishment with no significant difference among them.
In the second year of establishment, Acacia oerfota has the highest growth
(2.6 mm) in diameter which was significantly different from Ziziphus spina Christi
but similar to the other three species (Table 6). Field investigations indicated the
effectiveness of trees and shrubs to suppress moving sand compared to other
mechanical measures (Al-Amin et al. 2006; Al-Amin et al. 2010; Shulin et al. 2008;
Mohammed et al. 1999). However, the effectiveness of a barrier depends on its
porosity. On the other hand, low porosity creates turbulence on the leeward side of
the belt (Ki-Pyo and Young-Moon 2009). According to Kaul (1969) a windbreak
strip is to be established on sand to prevent them from being blown away by winds
for better established of field crops. Above authors suggested a five row shelterbelt
in a pyramidal shape in a similar work to this study in dry areas. However, some
literature suggests 10 or more rows of trees and shrubs to provide maximum benefit
to wildlife and human dwellings (IOWA 2010). In this respect, shelterbelts in
Sudan were established to stop drifting sand damage in Gezira scheme (Stigter et al.
1989).

Table 4 Effect of species and method of protection on height growth (cm) at Um Jawaseer in the
Northern State, Sudan

Species Methods of protection

Checkerboard Surface lying Control

Salvadora persica 19.68 bc 19.11 bcd 17.93 cd

Moringa pregrina 16.96 d 19.88 bc 18.95 bcd

Acacia tortilis 17.90 cd 20.96 b 19.93 bc

Ziziphus spina christi 19.76 bc 23.65 a 23.21 a

P 0.01

SE± 0.6803

Means with the same letters are not significantly different according to DMRT at P� 0.05
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3.3 Sand Accumulation

The 15 cm trap height accumulated significantly (P˂0.05) the highest (73.25 ton
ha−1 day−1) amount of sand compared with traps of heights above the surface creep
level (Table 7). Accumulation of sand in the horizontal traps during the two years
using tree belts showed that autumn has significantly (P˂0.05) the highest accu-
mulation of sand compared with accumulation in the summer or winter season
(Table 8). In addition, the high accumulation of soil in the horizontal traps sup-
ported the previous findings that most of the erosion in northern Sudan is by surface
creep. Farah (2003) in his study of wind erosion in Khartoum State, found increased
erosion from winter to summer and that Khartoum state is suffering from wind
erosion in its four directions. He also found that the intensity of wind erosion in the
soil surface decreased with the height of trap, which means that the major wind
erosion is surface creep. Similarly, in this study, the trap height of 15 cm also gave
significantly (P˂0.05) the highest accumulation of sand in vertical traps. In the
present study the mean daily wind load or accumulation was estimated at
73.25 ton ha−1 day−1 as compared with 76.79 ton ha−1 day−1 in the mechanical
control method, indicating better wind erosion protection resulting from tree belts
as compared to mechanical methods.

Table 5 Effect of species
and year on height growth
(cm) of young trees at Um
Jawaseer in the Northern
State, Sudan

Species 2008 2009

Ziziphus spina christi 27.1 e 46.0 d

Acacia oerfota 65.7 c 108.7 a

Leptadenia pyrotechnica 42.7 d 67.9 c

Acacia tortilis 46.9 d 76.2 b

P 0.002

SE± 2.372

CV% 6.8

Means with the same letters are not significantly different
according to DMRT at P� 0.05

Table 6 Effect of species
and year on diameter growth
(mm) of young trees at Um
Jawaseer in the Northern
State, Sudan

Species 2008 2009

Ziziphus spina christi 1.2 c 2.1 b

Acacia oerfota 1.3 c 2.6 a

Leptadenia pyrotechnica 1.1 c 2.3 ab

Acacia tortilis 1.2 c 2.3 ab

P 0.05

SE± 0.036

CV% 10.8

Means with the same letters are not significantly different
according to DMRT at P� 0.05
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3.4 Degradation of Vegetation in the White Nile

The study area has a low woody vegetation cover. Only 10 trees in the whole study
area were found and these are 5 shrubs of Capparis decidua, 3 trees of Acacia
tortilis and 2 shrubs of Acacia nubica (Table 9). Most parts of the study area are
bare land especially in plot 3. Vegetation consisted of the following species Cassia
senna and Panicum turgidum. This is in addition to some sparse vegetation of
Chrozophora oblongifolia, which is highly desired by camels. The ground vege-
tation was estimated at 20% in the study area. There were no viable seeds in the
whole study area because there were no trees in this area and it contains some dead
grass seeds.

Generally the soil at the study site is low in N and Organic carbon (Table 10). Cl
content is high especially in the third sample. In all four samples we noticed that
CaCO3 was very high in all samples. Electric conductivity (EC) and exchangeable
sodium percentage (ESP) increase with depth. The soil of sample 3 and 4 is saline
and sodic (EC>4ds/m and ESP>15). In these two samples there were no trees but
some grasses and bushes e.g. Panicum turgidum are present.

The high sodicity decreases the infiltration rate and inhibits the emergence of
seeds. The high PH inhibits P availability. These soils need to be reclaimed by
leaching the soluble salts by good quality water and addition of farm yard manure
and gypsum to reduce the sodicity level and to improve the physical properties of
the soil.

Table 7 Accumulation of
sand (ton ha−1 day−1) in
vertical traps at Um Jawaseer
in the Northern State, Sudan

Trap height (cm) Sand accumulation (ton ha−1 day−1)

15 73.25 a

30 48.64 b

45 41.84 b

P 0.0001

SE± 3.1038

Means with the same letters are not significantly different
according to DMRT at P� 0.05

Table 8 Effect of season and direction of sand traps on accumulation of sand in horizontal traps
at Um Jawaseer in the Northern State, Sudan

Seasons Accumulation (mean) Direction Accumulation (mean)

Summer 335.3 b North 405.2

Autumn 524.7 a South 430.2

Winter 393.1 b

P 0.0002 0.559

SE± 28.8 29.9

Means with the same letters are not significantly different according to DMRT at P� 0.05
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The analysis indicates that the inherent fertility status of this soil is very low. It
also has low water holding capacity and is susceptible to wind erosion. Due to the
current droughts and misuse, the vegetation cover in this area is very low resulting
in low carrying capacity of livestock. Hence, this study recommended reseeding of
the area with drought and salt resistant trees for stabilizing the highly mobile sand
dunes.

Table 9 Vegetation cover in sample plots at Elgetaina area in the White Nile, Sudan

Sample
no.

Location Trees Shrubs Species

1 14º 49′
20 N
32º 26′
35 E

2 3 Trees: Acacia oerfota and, Acacia tortilis
subsp. Radiana; Shrubs: Capparis decidua

2 14º 49′
17 N
32º 26′
37 E

1 3 Trees: Acacia oerfota and, Acacia tortilis
subsp. Radiana; Shrubs: Capparis decidua

3 14º 49′
00.3 N
32º 26′
54E

0 0 –

4 14º 48′
43 N
32º 27′
13E

0 1 Only Capparis decidua shrub.

Table 10 Soil chemical properties in 4 sample plots at Elgetaina area in the White Nile, Sudan

Sample Depth
(cm)

Exchangeable bases (Coml.+/kg) Soluble cations and anions (meq/L)

Ca
Co3

Na O.C
%

N
%

PH
paste

E.C
(ds/m)

ESP
%

Na CL HCO3

1 0–30 1.28 1.93 0.06 0.02 7.76 1.40 6.6 8.55 5.7 2.25

31–60 1.64 2.99 0.07 0.03 7.94 3.26 12.8 24.7 22.0 2.30

2 0–30 1.84 2.33 0.06 0.02 8.16 1.9 8.8 13.9 7.05 1.0

31–60 1.52 2.24 0.07 0.02 8.28 1.55 8.6 11.4 2.3 1.15

3 0–30 5.08 12.06 0.10 0.04 8.36 8.45 38.4 74.5 61.0 4.2

31–60 4.84 11.44 0.15 0.02 8.32 9.29 38.6 80.0 71.7 4.9

4 0–30 3.32 3.49 0.09 0.02 8.52 1.99 14.6 15.9 13.9 3.3

31–60 3.36 7.08 0.05 0.02 8.56 4.41 24.8 38.4 35.0 3.2
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3.5 Estimation of Soil Erodibility in Western Sudan

Based on Skidmore and Siddway (1978) and Woodruf and Siddways (1965) the
soil erodibility at Namla village was 82.1 and 184.9, respectively. The results
showed that there is high erodibility in the study area (Table 11). However, the
highest soil accumulation (106.1 ton ha−1 day−1) was obtained at the 15 cm trap
height. Accumulation by the 30 cm and the 45 cm height traps was also high
reaching >30 ton ha−1 day−1. This result proved that the wind in this area is
blowing at different levels carrying sand accumulation at varying heights

Table 11 Estimation of soil erodibility at Namla village in North Korrdofan State in western
Sudan

Sample No. Erodibility (Woodruf and Siddway) Erodibility (Skidmore and Siddway)

1 80.1 179

2 83.2 187

3 90.1 206

4 75.6 172

5 80.6 182

6 77.5 175

7 75.3 169

8 79.5 178

9 86.3 193

10 92.8 208

Average 82.1 184.9

Table 12 Accumulation of sand (ton ha−1 day−1) in vertical traps at Namla village in North
Kordofan State in western Sudan

Trap
height
(cm)

Soil accumulation (ton ha−1

day−1) North of belt
Soil accumulation (ton ha−1

day−1) South of belt
Reduction
%

15 106.11 88.37 17.0

30 93.32 50.71 45.7

45 68.54 35.2 48.7

Table 13 Soil accumulation (ton ha−1 day−1) in horizontal traps at Namla village in North
Kordofan State in western Sudan

Trap distance
from belt (m)

Soil Accumulation (ton ha−1

day−1) North of belt
Soil accumulation (ton ha−1

day−1) South of belt
Reduction
%

01 536.6 339.33 36.8

10 254.42 156.62 38.4

20 159.63 109.73 31.3
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(Table 12). However, the soil accumulation is decreasing in the southern direction
of the belt by more than >30%. Accumulation of sand is decreasing according to the
distance from the belt (Table 13). However, Rubio and Recatalá (2006) proposed
stoniness to be included in the soil erodibility index qualitative estimation.
Erodibility is best obtained from direct measurements on natural plots (Kinnell
2010). Measured erodibility values have also been related to soil properties.

3.6 Environmental and Socioeconomic Impact
of Shelterbelts at Namla Village

According to the respondent’s views, land degradation, environmental pollution
and desertification are the main environmental hazards faced by the community
before establishment of the shelterbelts. However, wind erosion and overcutting of
trees for fuel, are also negatively affecting the area and will also increase land
degradation (Table 14). All respondents believe that land degradation is the major
threat to agriculture and livestock production.

However, after the establishment of the shelterbelts, the respondent’s views
depicted high to moderate reductions in the previous hazards. Sand movement and
wind erosion were reduced by more than 40%. The community mentioned that
negative effects of drought and desertification were reduced by more than 60%.
Over seventy percent of the respondents believed that the shelterbelts offered
protection to their farms from sand blasts. In addition, the shelterbelts provided high
protection or shelter to their animals and birds (Table 15). Therefore, as a result of
above environmental enhancement, the shelterbelts are considered the main recre-
ational site within the village.

Table 14 Threats faced by
the community at Namla
village in western Sudan
before establishment of
shelterbelts

Threats to environment Respondents’ views (%)

Desertification 86.1

Wind erosion 72.3

Overcutting 76.6

Environmental pollution 97.9

Land degradation 100

Table 15 Effects of
shelterbelts on the farms at
Namla village in western
Sudan

Benefits to environment %

Decrease in sand movement 44.4

Decrease of wind erosion 48.9

Decrease of drought and desertification 62.2

Decrease of environmental degradation 66.7

Protection of the village and farms 73.3

Protection of animals and birds 97.6
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Using of Optimization Strategy
for Reducing Water Scarcity
in the Face of Climate Change

Mohammad Javad Zareian and Saeid Eslamian

Abstract Climate change is one of the most important factors that affect the
availability of water resources in recent years. Many areas of the world are involved
with droughts and water shortages due to climate change. Iran is one of the most
notable areas in this field. The Zayandeh-Rud River Basin is of one of the most
strategic areas in the central part of Iran in terms of water resources and con-
sumption. In this study, the outputs of 15 GCMs related to the fourth assessment
report of IPCC (AR4) are used for the analyzing the effects of climate change.
A combination of the various GCM models is used through a weighting approach to
generate the different climate change patterns including the ideal, medium and
critical patterns. Then, the IHACRES model as a simple model designed to describe
the dynamic response characteristics of catchments, was used to predict the natural
inflow to the Zayandeh-Rud dam. Also, the Agro-Ecological Zones (AEZ) method
that has been developed by the Food and Agriculture Organization (FAO) and
International Institute for Applied Systems Analysis (IIASA), was used to deter-
mination of the effects of climate change on agricultural water demand. Based on
the changes in the water resources and consumptions in the region, a non-linear
optimization model was proposed to allocate the water between the different
demands. The objective function was defined based on the minimizing of the water
shortage during the next 30 years (2015–2044). The General Algebraic Modeling
System (GAMS) software was used to solve this function. The results indicated that
the annual water deficit of 610–1031 MCM will be occurred in different climate
change patterns.
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1 Introduction

Since 1950, the number of heat cycles has increased and it has increased the warm
nights. In addition, areas affected by drought have also risen since rainfall has
declined, but evaporation has increased due to warming areas. In general, the
number of days with heavy rainfall that leads to an explosion has increased. The
frequency of storms and tidal gaps varies greatly from year to year, but evidence
suggests that their intensity and duration have increased since the 1970s.

While there are numerous evidence of drought in recent years, in many studies,
the combination of total rainfall and average temperature are used to calculate
drought indices. These indices have been calculated from the mid-twentieth cen-
tury, showing widespread dryland trends in many parts of the northern hemisphere
since the 1950s, as well as widespread drylands in many parts of southern Eurasia,
South Africa, Canada and Alaska. The number of 4th and 5th storm categories has
risen to 75% since 1970. The highest increase was observed in the Pacific North,
India and the Southwest Pacific (Gellens and Roulin 1998).

Other parts of human life are also affected by climate change. Studies have
shown that climate change reduces the yield of agricultural products and increases
water consumption in this sector (Osborne et al. 2013; Roudier et al. 2011; White
et al. 2011; You et al. 2009). Increasing the concentration of carbon dioxide in the
atmosphere leads to a change in agricultural potential and water utilization effi-
ciency of various products, as well as the expansion of agricultural-ecological
potential towards poles and geographic latitudes. These positive results can be
reduced with changes in temperature, quantities and distribution of rainfall, evap-
otranspiration pattern, radiation regime and indirect effects on land production
capacity, such as increased pests, diseases and weeds, resulting in negative results.
Therefore, in the long run, changes in climate patterns and agricultural potential,
land potential and the ability of future generations to provide food and agricultural
products significantly change (Fischer and Van Velthuizen 1996; Fischer et al.
2001; Sembroek and Antonie 1994). Other effects of climate change on agriculture
include changes in the flow and storage of materials, the ecology of pests and
diseases, the dynamics of rainfall regimes, plant response to temperature, CO2

accumulation and plant tolerance to salinity.
In 2002, heat and drought severely reduced agricultural production in the world.

As a result, agricultural production in the world was 90 million tones or 5% less. In
2003, the intense heat of Europe led to a decline in grain yield and 90 million tones
more grain yield than its consumption. In 2004, rainfall improved, but in 2005 the
United States drought reduced the world’s grain harvest by 34 million tons.

The occurrence of extreme and rare floods is another part of the effects of climate
change that causes a lot of damage (Arnell and Lloyd-Hughes 2014; Arnell and
Gosling 2014). Melting the ice is another side effect of the heat of the planet. As the
melting of the ice, more water enters the ocean. So the volume of water will
increase and the evaporation rate will also increase. The water that rises with
evaporation should land somewhere. So the number of storms and their severity
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will increase. Due to the heat of the atmosphere, rain is more likely to occur in the
form of rain and the amount of precipitation is reduced to snow. As a result,
mountain glaciers, the world’s main reservoirs of water, are getting weaker, and
storms and floods will become more severe.

Thus, the effects of climate change on the Earth’s dynamism status are very
broad and extend to socioeconomic segments (Stern 2006). These influences are to
a degree that prompts politicians to provide incentive policies to prevent green-
house gas emissions (Brunner et al. 2012; Jeffrey et al. 2001).

Climate change is a process that, in the long run, affects the Earth’s climate
processes based on changes in human greenhouse gas emissions. As previously
mentioned, the greatest effects of climate change on the temperature and precipi-
tation of the planet. The most important environmental processes affecting the
future of mankind are due to the phenomenon of climate change. These processes
include a wide range of atmospheric and hydrologic interactions, including floods,
droughts, storms, and so on (IPCC 2007). So, among researchers, there is the
conclusion that water resource management, not taking into account the effects of
climate change, would not be very useful (World Water Assessment Program
2009). An important part of the effects of climate change on the hydrological cycle
of water occurs on Earth. In other words, a large part of the hydrological properties
in different parts of the world, the northern runoff, the surface water and under-
ground water reserves, as well as the degree of flow (floods and droughts), undergo
a change in climate. Under the conditions of climate change, many parts of the
water consumer sector, including agriculture, urban, industrial and environmental,
will have to respond to this situation. This answer will in many cases lead to
conflicts over water demand. This is due to the increase in the human population,
and many parts of the world will suffer from a shortage of supply and an increase in
demand for water. Therefore, regardless of the comprehensive management of
water resources in the absence of adequate water supplies, one cannot expect
sustained supply and demand in the field of water resources. Such management
should, by examining different aspects of water allocation between different uses,
determine the priorities of each of the consumer sectors and, on the other hand, with
regard to the availability of available water resources and the ability to store and
release these resources, provide management scenarios Sustain in the region.
Without such management, water resources, both surface and underground, will be
seriously damaged in the long run (Smit et al. 2000).

Preparing different parts of water resources and resources to face the hydrological,
social and economic impacts of climate change should be taken into account with
regard to the adaptive capacities of the set in terms of pessimistic and optimistic
forecasts. In such a situation, it is very important to pay attention to the hydrological
parameters due to climate change. Under such a situation, the response of different
consumers and their vulnerability to water scarcity. Therefore, the assessment of the
effects of climate change on different water use sectors should be made according to
appropriate responses to these conditions (Hutchinson et al. 2010).
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Adapting a water resource system to climate change is based on understanding
the talents and capabilities of that system to change the components of water
resource allocation. To do this, the presentation of different approaches in the event
of the occurrence of extreme values of hydrological parameters is inevitable. In
such a situation, the consumption system will be able to respond to climate change
in terms of minimum damage and sustainable development (Cohen et al. 1998;
Srinivasan and Philipose 1996; Stakhiv 1994). The collection of relevant social,
economic, and environmental information in each water supply system will help
to define the limits and take appropriate management measures (Rayner and
Malone 1998).

The degree of consistency of a water resource management system relative to
climate change is not explicitly explored. The reason for this is the creation of many
changes that are forced into the system and may lead to different and heterogeneous
responses from consumers. Therefore, first and foremost, the components of
compatibility with water scarcity conditions should be classified based on the
desired responses (Krankina et al. 1997). This classification is subject to multiple
time and space priorities. It can be assumed initially that no special management is
performed in dehydration conditions, and thus ensure the maximum response of the
system to the existing situation. Subsequently, based on the observed responses, it
is possible to define different management scenarios for adapting the system to the
provided responses (Bryant et al. 2000). In other words, some compatibility
methods are presented after understanding the maximum responses. These methods
can be defined according to different scheduling (Stakhiv 1994).

Another aspect of climate change-compatible measures can be found in the type
of use. Part of the water consumption is dependent on the natural conditions in each
region. Environmental expenditures cover a large part of this area, which in the long
run adapts to underwater conditions. But we should not expect that the natural
adaptation of the system would be low in accordance with the wishes of relevant
managers in the water resources sector. Another part of these expenditures is done
by human societies, which should be adapted to climate change and dehydration
based on managerial vision. Different urban, industrial, and socioeconomic sectors
need to define suitable water patterns, which should be defined primarily by water
resource planners (Krankina et al. 1997). Planning to adapt water consuming sec-
tors is mainly done by government agencies. These plans are designed to increase
consumer awareness in order to reduce losses and increase water use efficiency
(Bryant et al. 2000). The researchers refer to such plans as independent adjustments
and against the natural adaptations of water users (Smit et al. 2000). The prediction
and estimation of probable future adaptations are essential components of impact
assessment studies and vulnerability of climate change. The likelihood of future
climate change in a system depends to a large extent on the compatibility efficiency.
In studies where no system compatibility is considered, the net or residual effects
are too realistic estimates, resulting in greater systemic vulnerability, while in
studies that have an effective adaptation to the system there is an estimated amount
of vulnerability and the remaining effects less than their actual value. Therefore,
having a proper understanding of the adaptation process and obtaining more
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information about the expected situations in which types of adaptation occurs is
essential. It is important to have information on how, why, and when to make
consistency in order to make informed judgment about the vulnerability of sectors,
geographic regions and various communities (Kane et al. 1992; Tol et al. 1998).

The study of the effects of climate change on the Fraser River basin in Canada by
Morrison et al. (2002) showed that during the period 2099–2099, the average flow
of the river would increase by 5% and the maximum average flow would decrease
by 18% (Morrison et al. 2002).

Hughes (2003) explores the climate change of the last century, illustrating future
climate change and its ecological effects in Australia. The study of climate variables
in the last century has shown that the average continental temperature in Australia
has increased to 0.8 °C since 1910. Rainfall also showed a slight increase in the last
century that it was more than summer in summer. In the case of rainfall, this trend is
increasing on a regional and seasonal scale with a wider, broader continental scale.
Also, a significant decrease in the average coverage was estimated during this
period. The results showed that by 2030, the average annual temperature in most
parts of Australia would be an increase of 0.6–2 °C. These changes are expected to
be around 1–6 °C in 2070. Models also showed that the increase in maximum and
minimum annual temperatures in the future would be similar to the variations in
average temperature. While in past observation periods, the temperature rise was at
most and at least more than the average temperature (Hughes 2003).

The results of the Kamga study on the upstream of the Benno River in Cameroon
showed that by 2100 this region could see a decrease in rainfall of 4–13%, an
increase in temperature of 1–3 °C, and a moderate decrease of the river flow by
3–18% (Kamga 2001).

Bekele and Knapp (2010) used three climate change scenarios (A1B, B1 and
A2) and the SWAT model to assess the potential impacts of climate change on
water supply in the Canadian Fox River Basin. Using climatic models, they pro-
duced climate scenarios for the study area and, using the Clear Delta switch,
prepared these data for entering the hydrologic model. The produced climate sce-
narios showed an increase in temperature range from 0 to 3.3 °C and an annual
rainfall change of −127 to 127+. The analysis of the results showed that rainfall
changes cause significant fluctuations in the flow in the late summer and autumn,
while the temperature increase strongly affects winter currents due to snow melt
(Bekele and Knapp 2010).

Maurer (2009), using 16 models of GCM and A2 and B1 emission scenarios,
investigated the hydrological effects of climate change in the Rio Lempa basin in
Central America. To evaluate the effects of climate change, the VIC model was
used as a distributed physical base model. The average temperature variation in the
study area was estimated to be between 1.9 and 3.4 °C by 2099. 11 of the 16
models used predict the amount of rainfall in the future less than the present, so that
the average rainfall under the A2 and B1 emission scenarios was reduced by 10.4
and 5%, respectively. Also, the amount of inflow into the dams in the area
decreased by 13–24%, which was reported by the A2 scenario to be higher than the
scenario B1 (Maurer 2009).
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Minville et al. (2008) examined the uncertainty of the effects of climate change
on the hydrology of one of the Scandinavian watersheds. In this study, five general
circulation models and two climate scenarios together with the HSAMI integrated
concept model were used as a rainfall/runoff model. The results of climate change
in the future indicate a rise in temperature for all models and scenarios. In the case
of rainfall, the results for diffusion models and scenarios were different.
Considering all sources of uncertainty in this research, the most effective factor on
the final results was the choice of the GCM model (Minville et al. 2008).

Gosain et al. (2006) examined the hydrological effects of climate change in
Indian watersheds. Using SWOT distributed hydrologic model, they investigated
the potential impacts of climate change in 12 river catchment areas. The results
showed that the severity of droughts and floods in different parts may be more
severe in the future. Also, the reduction of runoff was confirmed under greenhouse
gas emission scenarios (Gosain et al. 2006).

The impact of climate change on the flow of Tamsi River flow in England was
studied by Wilby and Harris (2006). In this research, uncertainty sources related to
GCM models, microscopic methods, greenhouse gas emission scenarios, different
models of rainfall-runoff simulation and their uncertainty related to their parame-
ters, taking into account different weights and the Monte Carlo method Simulated.
The results showed that the uncertainty associated with GCM models has the
highest contribution and climate scenarios have the lowest contribution in esti-
mating the runoff probability function. However, the main weakness of this
research is the lack of weighting the uncertainty associated with GCM models that
have the greatest impact on the outcomes of the system (Wilby and Harris 2006).

1.1 Case Study

The Zayandeh-Rud River Basin is located at 26,917 km2 in the longitude 50° 24′–
53° 24′ and latitude 31° 11′–33° 42′. The lowest and highest point in the basin is
1450 and 4300 m above sea level, respectively (Strauss et al. 2013). The region,
located in the central and semi-arid region of Iran, is one of the strategic and
complex regions of Iran in terms of the status of resources and water resources
(Eslamian et al. 2012; Madani and Marino 2009; Zareian et al. 2014, 2017; Zareian
and Eslamian 2016). The rainfall in this basin varies from 1500 mm in the west of
the basin to 50 mm in the eastern regions of the basin (Moghaddasi et al. 2013). In
general, a large part of the basin has a rainfall of less than 150 mm throughout the
year. The average annual rainy days in this area are 70 days (Salemi and
Murray-Rust 2004). Figure 1 shows the overall position of the Zayandeh-Rud River
Basin in the central part of Iran.

Zayandeh Rud River is the most abundant river in the semi-arid region of
Iran, which supplies most of the water needed in Zayandeh-Rud River Basin.

322 M. J. Zareian and S. Eslamian

pcastro@ci.uc.pt



The existence of this river in this basin is one of the main foundations of the
formation of the ancient civilization of this region. Different sectors of water
consumption in the Zayandeh-Rud River Basin, which include agricultural, urban
and industrial areas, are highly dependent on the flow of water in the Zayandeh Rud
River River. The expansion of urban areas, agricultural lands and industrial set-
tlements along the river is quite clear.

The attraction that has been caused by the increasing development of this basin
in various dimensions has encouraged the people of neighboring areas to migrate to
this region, and along with that, the population of the basin has increased dra-
matically and created numerous industries and factories within the basin (Hashmi
et al. 2011).

The synchronization of the conditions mentioned with the occurrence of climate
change has made the situation more difficult for the catchment area. The increase in
temperature and future rainfall in the Zayandeh-Rud River Basin has been reported
by researchers (Fischer et al. 2001). As a result of future climate change, quantity
and quality of water will also be affected, and the need for newer water resources
will be felt (Zayandab Consulting Engineering Co. 2008; Zareian et al. 2014a, b,
2017; Zareian and Eslamian 2016).

Fig. 1 The overall position
of the Zayandeh Rud basin in
the central part of Iran
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1.2 Climate Change Modelling

According to the IPCC’s fourth report, the base period of 1971–2000 has been set
as the last base course for analyzing the output of GCM models (IPCC 2007).
Therefore, the predicted values of temperature and precipitation were extracted by
each of the 15 GCM models for the base period. This process was repeated indi-
vidually for each meteorological station used. In order to calculate the difference
between the values of observational data as well as the output data of GCM models
from 1971 to 2000, Eqs. (1) and (2) were used (Zareian et al. 2014):

TEGi
m ¼ �TB

m

� �
Gi
� �TB

m

� �
O

���
��� ð1Þ

PEGi
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m

� �
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� �PB

m

� �
O

���
��� ð2Þ

In the above equations, TEGi
m and PEGi

m are the absolute error values of each of
the GCM models in estimating the values of temperature and rainfall. G represents
the GCM models and their counters. �T and �P are average values of 30 years of
temperature and rainfall. Indicator B represents the base year 1971–2000 and the
index m represents the target month. Also represents the actual data observed at
each station in 1971–2000. Simply put, Formulas (1) and (2) show how much
difference between the output of GCM models and the actual values of data
observed at each station and in each particular month of the year.

The period that was selected to predict the effects of climate change on the
Zayandeh Rud River basin was the 30-year period from 2015 to 2044. Due to the
use of two A2 and B1 emission scenarios, two general combinations for extracting
temperature and rainfall parameters were defined using GCM models. The tem-
perature and rainfall changes of each station are defined using relationships 3–6:
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where DTm is the difference between the temperature between the next period and
the base period (°C), DPm, the amount of precipitation difference between the next
period and the base period (%) and �TF

m

� �
Gi

and �PF
m

� �
Gi

are the average 30 years of

temperature and precipitation in the upcoming period, respectively (Zareian et al.
2014b, 2017).

In order to use the output of GCM models in meteorological studies and water
resource issues, they should be converted to quantitative or monthly data values at
any point by means of downscaling methods. This is done by weather generators
(Hashmi et al. 2011). The LARS-WG model is one of the most well-known random
weather generators capable of producing a daily weather data series.

1.3 Water Allocation Modelling

In order to allocate water in the future, at the downstream of the Zayandeh Rud
dam, first all future imaginable water resources for this area were investigated.
These resources include the surface water of the Zayandeh Rud dam, the transfer of
water from other basins, and the underground water source.

The main source of surface water in the area was Zayandeh Rud Dam, fed by
Zayandeh Rud River. The dam, which started its operation in 1970, is used as a
means of adjusting the flow in cold and dry seasons.

This dam is located in the upper reaches of the selected land area, and its water,
in addition to consumption in irrigation and drainage networks, also consumes
industry and drink.

For the purpose of determining the lateral water consumption behind the
Zayandeh Rud Dam, the average bill of 10 years of the dam (from 2004 to 2014)
was considered average.

Therefore, other than usual uses in the fields of agriculture, drinking and
industry, the share of evaporation from the Zayandeh Rud River Dam and unau-
thorized impressions should also be taken into account on the basis of the amounts
obtained. Also, the volume as the base volume in the reservoir of the dam should be
avoided in order to prevent the full drainage of the dam. This amount is between
150 and 200 million cubic meters, which is estimated at 200 million cubic meters.
In other words, the total amount of water entering the dam can not be allocated to
costs and the unwanted upstream costs (evaporation, remaining water volume in the
tank and unauthorized harvest) should be deducted from it.

The main objective of optimization in this research is to reduce the difference
between supply and demand of water based on a quadratic function. The objective
function is intended to minimize water scarcity in the studied area as follows:

minZ ¼
X30

j¼1

X12

i¼1

Supply� Demandð Þ2¼
X30

j¼1

X12

i¼1

Shij
� �2 ð7Þ
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In this equation, Z is the objective function of minimizing the water deficit and
Supply and Demand, respectively, the amount of water allocated to each of the
expenditures. j represents the target year for optimization that varies from 2015 to
2044 for this research, or in other words, varies from 1 to 30. i represents each of
the months of the year, which varies from 1 to 12.

1.4 Results

Figures 2 and 3 show respectively the annual water allocation for the baseline
scenario in A2 and B1 scenarios. Table 1 also shows the summary of the annual
water allocation values for both of the published scenarios. The results of the A2
emission scenario indicate that the average annual water requirement of different
sectors in the ideal, moderate and critical climate change patterns will be 3505,
3572, and 3641 MCM, respectively. Of these, an average of 3051, 2939 and 2837
million cubic meters will be allocated. For the B1 emission scenario, the average
annual total water demand in the three climate change models was calculated to be
3386, 3450, and 3498 million cubic meters, and the allocation would be equal to
3039, 2852 and 2746 million cubic meters. Therefore, on average, there will be an
annual water shortage for climate change patterns in the A2 emission scenario of
454, 633, and 803 million cubic meters, respectively. These values in the B1
emission scenario will be 347, 576, and 752 MCM.

The annual amounts reported for allocations and water scarcity are based on a
30-year average over the period 2015–2044. In some years the amount of deficiency
will be higher and in some years will be less than the average. For the A2 emission
scenario, the highest amount of water requirement in all climate change patterns
will occur in 2042, the smallest in 2029. The maximum water requirement for an
ideal, moderate, and critical climate change pattern in the A2 emission scenario will
be 4191, 4251 and 4333 MCM, respectively, which will account for 733, 852 and
1031 MCM of water deficit, respectively.

The highest amount of water requirement in the region is observed in the B1
emission scenario in 2041 and the lowest in 2017. The greatest deficit in the three
climate change patterns will be 3876, 3450, and 3498 MCM respectively, with the
lowest of 2924, 2980 and 3025 MCM, respectively. Therefore, the largest water
shortage of the region will be 610, 802, and 906 MCM, respectively.

In Figs. 2 and 3, in addition to determining the total water consumption during
the period from 2015 to 2044, the total amount of water allocation from the
Zayandeh Rud Dam, groundwater resources, as well as the deficiency occurred on
the basis of the baseline water allocation scenario. Climate change will affect all of
the above mentioned parameters.

The results show that different patterns of climate change in two states will affect
water scarcity. On the one hand, with increasing water requirements in the agri-
cultural sector, they increase the total water requirement of the entire area and, on
the other hand, by reducing the flow of the dam, reduces the possibility of the
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Fig. 2 Annual water allocation scheme in the basic management scenario under different patterns
of climate change in the A2 scenario
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allocation of surface water. In addition, the reduction of water consumption in the
basin and the release of surface water will affect the return of water from different
uses to groundwater resources. For example, in the case of moderate climate
change, the amount of water allocation from the dam and underground water would

Fig. 3 Annual water allocation scheme in the basic management scenario under different patterns
of climate change in the B1 scenario
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be 1494 and 1445 MCM, respectively, in the A2 emission scenario and 1549 and
1303 MCM respectively in the B1 emission scenario. Because the amount of
abandoned surface water in the B1 climate change pattern is more than A2, the
amount of groundwater extraction in the B1 emission scenario can be reduced to a
lesser extent than the A2 emission scenario.
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Climate Change Impact on Agriculture
and Irrigation Network

Zohreh Dehghan, Farshad Fathian and Saeid Eslamian

Abstract In the last century, impacts of climate change phenomenon and its
consequences such as changes in temperature, precipitation, evapotranspiration, and
amount of available water have been observed in various aspects of human life,
especially in agricultural sector. In the agricultural sector, performance of irrigation
networks is known as one of the important and effective factors on crop yield and
development of sustainable agriculture. These networks can be affected by climate
change because the irrigation networks are designed based on the climatic variables
and crop pattern of considered region. In this chapter, sprinkler irrigation network
of Bilesavar, located in the north of Iran, is considered as study area in order to
investigate the effects of climate change on climatic variables. Moreover, according
to existing agro-industry in the study area, the impacts of climate change are
investigated on available crop pattern in order to specify conditions in the region in
terms of maintaining sustainable agriculture. Since the most irrigation systems are
designed based on the water requirement of crop pattern and water delivery based
on farmer demand in the required pressure and discharge, the performance of
irrigation network are evaluated in terms of equity and adequacy indices.
Eventually, the adaptation strategies to climate change will be discussed for
maintaining performance, stability of pressurized irrigation system, productivity
improvement, and an increase in efficiency.
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1 Introduction

According to the fifth IPCC report, increasing concentrations of CO2 and other
greenhouse gases have led to fundamental changes due to anthropogenic activities
in the global climate over the course of the last century. The future global climate
will be characterized by uncertainty and change, and this will affect water resources
and agricultural activities (IPCC 2013; Adamowski et al. 2010). In the agricultural
sector, there are multiple variables which will be affected due to the impacts of
climate change; so that, in the longer term, the potential significant effect of climate
change is nowadays recognized worldwide. Furthermore, the impact of climate
change will depend on hydrometeorological and environmental conditions as well
as the capacity to adapt to change. For instance, evapotranspiration is controlled by
climatic variables (such as temperature, precipitation, net radiation, wind and rel-
ative humidity), and changes in climatic regimes can affect hydrological processes,
yield production, and the development of agricultural activities (Allen et al. 1991;
Yang et al. 2007; Perez Urrestarazu et al. 2010). Given the importance of agri-
culture, there is a significant need to understand the implications of climate change
on agriculture, and to explore different adaptation options (Gohari et al. 2013).

Performance and vulnerability assessments of irrigation networks are an
increasingly significant area of research with respect to impacts and adaptation to
climate change (Fathian et al. 2016). From the viewpoint of agricultural water
management, the phenomenon of climate change will have unfavorable effects on
evapotranspiration and crop water requirements (CWRs), and there will be impacts
on the performance of irrigation networks (Perez Urrestarazu et al. 2010). Irrigation
networks will have to be designed for longer and higher peaks in irrigation water
demand, which may cause problems in some of the present networks (Rodríguez
Díaz et al. 2007). These changes will influence the planning and operational
management, flow regime, and performance of irrigation networks. As such, the
analysis of climate change impacts and adaptation strategies to maintain the per-
formance and stability of irrigation systems, as well as improve their efficiency, are
necessary (Calejo et al. 2008; Huang et al. 2011).

To date, many studies have been completed on the topic of climate change
impacts on agriculture (e.g., Rosenzweig et al. 1995; Thomson et al. 2006; Brunsell
et al. 2010; Vaze et al. 2011). Some of these studies are related to climate change
impacts on agricultural products (e.g., Tatsumi et al. 2011; Dalezios et al. 2017);
while others are related to modeling of climate change impacts on crop water
requirements, irrigation systems and ect (e.g., De Silva et al. 2007; Fischer et al.
2007; Rodríguez Díaz et al. 2007). Since most studies have evaluated the perfor-
mance of surface and pressurized irrigation networks in the current climate status.
In recent years, the performance of irrigation networks, especially under climate
change scenarios, has become a growing concern of the researchers, irrigation
policy makers and donor agencies. For this purpose, a few studies evaluated the
effects of future changes in the climate on irrigation networks. Perez Urrestarazu
et al. (2010) used climate data in three periods (2050, 2079 and a base period), and
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evaluated an irrigation network using vulnerability indices such as equity and
adequacy. The results of their study showed that climate change would have a
major impact on network performance with existing cropping patterns, but that
changes in cropping patterns could reduce this impact. Daccache et al. (2010)
considered the impacts of climate change and the performance of pressurized
irrigation water distribution networks under Mediterranean conditions. The results
showed that under the current design, the irrigation system can tolerate a peak
demand discharge, which is below the 2050s average. Accordingly, the perfor-
mance of the system will fall significantly as the number of unreliable hydrants will
increase so that, assuming the same cropping pattern, the threshold discharge will
fail during peak demand periods. In another study, Karamouz et al. (2010) evalu-
ated the improvement of urban drainage networks in Iran under climate change.
However, to date, the effect of climate change on irrigation distribution networks
has not been explored in Iran. On the other hand, introducing of water resources
supply scenarios, as another contribution, has not been tackled yet in any study.
Therefore, the main objective of this study was to explore and evaluate the per-
formance of irrigation networks in terms of the vulnerability of systems under
climate change and water supply scenarios. To accomplish this, a methodology is
proposed in this study to assess the possible effects of future changes on irrigation
networks, and it was applied in the Bilesavar irrigation network district in Northern
Iran.

2 Materials and Methods

2.1 Study Area, Cropping Patterns and Data

The Bilesavar irrigation network is located in the Moghan plain in Ardebil province
in Northern Iran (48° 15′ to 48° 20′ East longitude and 39° 21′ to 39° 28′ North
latitude). In this area, increases of around 5 and 13% in the CWRs are predicted by
2010–39 and 2050–79, respectively, due to climate change (Dehghan 2012). The
Bilesavar irrigation district is 3200 ha, with 21 field units or sectors and cropping
patterns that are devoted to a wide range of crops such as wheat (40%), barley
(15%), alfalfa (20%), cotton (20%) and lentil (5%). The area is covered by a well
maintained pressurized network, which is designed to provide irrigation on demand
with an irrigation efficiency of 80%, and a distribution efficiency of 100%. Table 1
shows the planting calendar and crop coefficients of the cropping pattern for the
estimation of crop evapotranspiration and water requirements in this district. It can
be seen that alfalfa is cultivated all months of the year, while wheat, barley, lentil,
and cotton are cultivated during 8, 8, 4, and 7 months of the year, respectively.
Water is taken from the Aras river and pumped using a system of 55 pumps from 21
pumping stations. The configuration of the system is not a looped network, in other
words; the 21 pumping stations supply the water demand for 21 field units in
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independent networks. The main network is able to supply 3 L/s/ha on demand in
each one of the 863 outlets, simultaneously. The irrigation period is 6 days and the
irrigation time is 19 h. The assigned pressure in the outlet is 30 m. Data from the
Pars Abad meteorological station, which was used as the data for the baseline
period, was applied to predict climate variables as well. The record of the data is
30 years (1971–2000), and as shown in Fig. 1, the average, maximum, and mini-
mum annual temperature and the average annual precipitation are 13.7, 30, and
−2.3 °C, and 283 mm, respectively, in Pars Abad region (http://www.weather.ir/).
The driest month is August, with less than 5 mm of rain. Most rainfall falls in April,
with an average of 47 mm. July is the warmest month of the year. The temperature
in July averages 28.9 °C. In January, the average temperature is −2.3 °C. It is the
lowest average temperature of the whole year. There is a difference of 42.8 mm of
precipitation between the driest and wettest months. The average temperatures vary
during the year by 31.2 °C.

Table 1 Planting calendar and crop coefficients

Crop Jan. Feb. Mar. Apr. May June Jul. Aug. Sep. Oct. Nov. Dec.

Wheat 0.4 0.4 1.2 1.3 1 1.04 0.4 0.44

Barley 0.4 0.4 1.3 1.3 1 1.04 0.4 0.44

Alfalfa 1 1 1 1 1 1.1 1.1 1.1 1.06 1 1 1

Lentil 0.4 1.1 1.1 0.75

Cotton 0.4 0.6 0.84 1.2 1.15 1.11 0.88
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2.2 General Circulation and SDSM Downscaling Models

To estimate future climate change resulting from the continuous increase of
greenhouse gas concentrations in the atmosphere, general circulation models
(GCMs) are used. GCMs demonstrate significant skill at the continental and
hemispherical scales, and incorporate a large proportion of the complexity of the
global system, but are inherently unable to represent local subgrid scale features and
dynamics (Wigley et al. 1990; Carter et al. 1994). The outputs of GCMs cannot be
used directly for climate change studies, and they do not provide a direct estimation
of the hydrological response to climate change (Dibike and Coulibaly 2005). This is
due to the mismatch in the spatial resolution between the GCMs and hydrological
models, and the large coarse resolution.

As a result, downscaling techniques are used to convert the coarse spatial res-
olution of the outputs of GCMs into finer resolutions, which may involve the
generation of point/station data of a specific area using GCM climatic output
variables (Dibike and Coulibaly 2005; Hashmi et al. 2009). Downscaling tech-
niques can be classified into statistical and dynamical downscaling methods
(Maraun et al. 2010). This study used a statistical downscaling method, SDSM,
which has been widely applied to downscale GCMs, as can be seen by the over 170
publications that used this model (Wilby and Dawson 2012). In this study, the
output from the Hadley GCM3 model (HadCM3) was utilized to downscale tem-
perature and rainfall data for region study. The HadCM3 model is one of the major
models used in the IPCC Third and Fourth Assessments, and it also contributed to
the Fifth Assessment. It is widely considered to be quite useful, and as such was
used in this study (Reichler and Kim 2008). Additional details regarding GCMs and
downscaling models can be obtained in Hashmi et al. (2009), and Hassan and
Harun (2012).

2.3 Climate Change and Water Supply Scenarios

The Intergovernmental Panel on Climate Change (IPCC) published a new set of
scenarios in 2000 for use in the Third Assessment Report (Special Report on
Emissions Scenarios—SRES). The SRES scenarios were constructed to explore
future developments in the global environment with special reference to the pro-
duction of greenhouse gases and aerosol precursor emissions. The SRES team
defined four scenarios, labelled A1, A2, B1 and B2, which describe the way in
which global population, economies, and non-climate policies may evolve over the
coming decades. It has been useful to describe the scenarios with respect to two
dimensions. The first dimension relates to a more economic (A scenarios) or a more
environmental (B scenarios) orientation, while the second dimension relates to a
more global (1) or a more regional (2) orientation. The scenarios are summarized as
follows (Nakicenovic et al. 2000):
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• A1: a future world of very rapid economic growth, global population that peaks
in mid-century and declines thereafter, and rapid introduction of new and more
efficient technologies;

• A2: a very heterogeneous world with a continuously increasing global popu-
lation and regionally oriented economic growth that is more fragmented and
slower than in other storylines;

• B1: a convergent world with the same global population as in A1 but with rapid
changes in economic structures toward a service and information economy, with
reductions in material intensity, and the introduction of clean and
resource-efficient technologies;

• B2: a world in which the emphasis is on local solutions to economic, social, and
environmental sustainability, with continually increasing population (lower than
A2) and intermediate economic development.

In this study, A2 and B2 scenarios related to the temperature and precipitation
variables were applied in order to include the most salient scenario variables of
demographic and economic development on the high and intermediate side (sce-
narios A2 and B2 respectively), and their results were subsequently compared
(Hassan and Harun 2012). Furthermore, in this study, two water supply scenarios
(as new contributions) were also considered and combined with A2 and B2
emission scenarios for adaption strategies in the future. In the first water supply
scenario, it was assumed that there would be no limitation of water resources
(NLWR) to supply increasing water demands of crops in the irrigation district. In
the second water supply scenario, it was assumed that there would be limitations of
water resources (LWR), and that the available water resources would not be able to
supply increasing water demands. Therefore, in order to prevent of the yield of
crops, reduce the damage to farmers, supply the crop water requirement and
respond to the appropriate planting area in LWR condition, it is necessary to
optimize the planting area.

In this study, the planting area was optimized using the LINGO model
(Moghaddasi et al. 2010;Xie andXue 2005). The LINGO software solve the objective
function based on linear optimization model. In this study, the objective function was
to maximum benefit which is equal to the product (Max Benefit ¼ F � P� A) of the
product yield (F: kg per hectare), the price of each product (P: $/kg), and the optimized
planting area for each crop (A: ha). The constraints introduced in LINGO in order to
determine the optimized planting area for each crop are: (i) changes in A along with
±20% of current A (ii) maximum consumed water in the future should not be more
than the current consumed water, (iii) all variables are greater than zero. These con-
straints was adopted from Moghaddasi et al. (2010) and Paimozd et al. (2010)
according to the different adaptation strategies to climate change and the amount of
irrigation water available to achieve maximum benefit. Finally, in order to assess the
irrigation network under the previously mentioned scenarios, the climate change
scenarios were coupled with water supply scenarios; these are given as A2 + NLWR,
B2 + NLWR, A2 + LWR and B2 + LWR for the 2010–39 and 2050–79 periods.
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2.4 Methodology

Figure 2 shows the methodology that was used in this study. As it can be seen, the
SRES scenarios have been used in addition with the water supply scenarios.
Therefore, rainfall, temperature, and other climatic data were obtained for the
baseline, A2 2010–39, B2 2010–39, A2 2050–79 and B2 2050–79 for the case
study irrigation district in northern Iran.

The CROPWAT model (Clarke et al. 1998) was used to estimate ETo, CWRs,
gross irrigation water requirements (GIWR), and the maximum flow required using
the rainfall, temperature, other climatic data and the crop patterns (as input data into
the model) for each scenario. The FAO Penman-Monteith equation was used in this
model to calculate ETo (Smith 2000). The irrigation network was modeled in
WaterGems (Fig. 3), one of the most widely used hydraulic simulation models. The
inputs were the hydraulic characteristics of the network. After running the simu-
lations in all situations (baseline, A2 2010–39, B2 2010–39, A2 2050–79 and B2
2050–79), the key variables were obtained for calculating selected indicators
(Calejo et al. 2008; Perez Urrestarazu et al. 2009, 2010) as described below.

Time horizons
Baseline (1971-2000)

2010-39
2050-80

SRES scenario
A2
B2

Crop Water Requirements
Irrigation Requirements
Maximum flow required

PEq
Ps/a

VmaxTR 
VminTR 

P

Climate variables

Rainfall
ET0

Crop pattern

Water supply Scenario
NLWR
LWR

Cropw

LINGO 
Simulatio

WaterGE
Ms 

LWR

NLWR

Fig. 2 Flow chart displaying methodology (Note PEq = Pressure Equity, Ps/a = Pressure ratio,
VmaxTR = Maximum velocity ratio, VminTR = Minimum velocity ratio, P = Consumption energy
of pumping)
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2.5 Network Performance

Climate change could affect the performance of the irrigation network due to
increases in demand. The main constraint of an irrigation system is that the required
flows should be supplied to water users with adequate pressure (Farmani et al.
2007). In this irrigation network the system is on-demand and the farmer has water
available whenever he wants. It should be noted that the concept of the water
available is based on the LWR and NLWR scenarios as explained in the previous
section. Therefore, the limitations of irrigation systems depend on the given flow
and pressure in the outlets, and if the system is overloaded, farmers may be obliged
to cut off the supply and postpone irrigation (Rodríguez Díaz et al. 2007).
Thereupon, these irrigation systems, in order to respond to the increasing demands,
need to have a network with a higher distribution capacity, while it makes them
much more expensive (Perez Urrestarazu et al. 2010). Hence, it is essential to have
information on the future performance of the network. In this paper, in order to
study the future behavior of the network, five performance indicators were used.
Each indicator is expressed quantitatively, as an aspect of irrigation network per-
formance standards, which helps to assess and monitor irrigation system (Perez
Urrestarazu et al. 2010).

Pressure Equity (PEq)

This indicator expresses the uniform distribution of pressure between outlets in the
network using the interquartile ratio:

Fig. 3 Model of the network in WaterGems for the baseline
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PEq ¼ Ppq

Pbq
ð1Þ

where Ppq is the average pressure in the weakest quarter and Pbq is the average
pressure in the best quarter, taking into account all the network’s checkpoints. In
this study, the pressure equity indicator refers to the pressure at the outlets which,
for on-demand irrigation distribution systems, is not constant but depends on outlets
simultaneously operating (Gorantiwar and Smout 2005; Perez Urrestarazu et al.
2010).

Simulated/Assigned Pressure Ratio (Ps/a)

This indicator represents the pressure obtained in the simulation with the one
assigned in the outlets of the network:

Ps=a

� �
i¼

Ps

Pa

� �

i
ð2Þ

where Ps is the simulation pressure in the checkpoint and Pa is the design (or actual)
pressure in the i checkpoint. If Ps=a\1, it means that this outlet will be working
below the required pressure (Perez Urrestarazu et al. 2009).

Maximum Velocity Ratio (VmaxTR)

This indicator represents the ratio of the measured to the permissible maximum
velocity in the outlets. If the value of the index is greater than zero, the occurrence
probability of water hammer in pipes increases and it causes an unsteady flow
conditions into network:

VmaxTR ¼ VmaxT
VmaxTP

� 1 ð3Þ

where, VmaxTR is the indicator of maximum velocity of water transmission, VmaxT
is the measured maximum velocity and VmaxTP is the permissible maximum
velocity of water transmission in the pipes (Mahdavi 2008).

Minimum Velocity Ratio (VminTR)

This indicator determines the ratio of the measured to the permissible minimum
velocity in the outlets. If the value of the index is lower than 1, the probability of
sedimentation due to the low velocity of water in pipes increases:

VminTR ¼ VminT
VminTP

ð4Þ
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where, VminTR is the indicator of minimum velocity of water transmission, VminT is
the measured minimum velocity and VminTP is the permissible minimum velocity of
water transmission in the pipes (Mahdavi 2008).

Consumption Energy of Pumping (P)

This indicator represents the energy consumption of the pumping station:

P ¼ V � H
0:102� Ea

ð5Þ

where P is the value of energy consumption (Kw), and V, H and Ea are the water
volume, height and efficiency of pumping, respectively (Rodrıguez Dıaz et al.
2009).

3 Results and Discussion

3.1 Comparison of Rainfall, Temperature and ETo Values
Among Scenarios

Climate variables were calculated for the Bilesavar irrigation district to give an
overview of the general differences between the two time periods on a monthly
basis. Figure 4a–c shows the monthly average of temperature, rainfall, and ETo

values for the baseline (1971–2000), 2010–39, and 2050–79 periods, respectively.
In general, scenario A2 results in more increases in temperature than B2 in each
time period, and according to these scenarios, higher temperatures will be seen in
2050–79 compared to 2010–39 (Fig. 4a). According to scenarios A2 and B2, the
months of June to September will experience higher temperature increases.
Temperature may increase around 10 and 23% on average by 2010–39 and 2050–
79 in comparison with baseline period, respectively.

In the case of rainfall, the results for each time period are different (Fig. 4b). For
2050–79, scenario B2 results in a higher increase in rainfall than A2 in each time
period, while for 2010–39, an increase can be observed from November to
February. Compared to the baseline, both A2 and B2 scenarios show a decrease
from April to October for the two time horizons. Rainfall is seen to decrease by 4%
on average by 2010–39, and by 7 and 1% for A2 and B2, respectively, by 2050–79.
The outcomes of the climate change scenarios in case of the changes in the rainfall
and temperature values in this section are in accordance with the study of Ashofteh
and Massah (2009). They showed that the temperature increases and precipitation
decreases in the Aidoghmoush area in Iran (an area near Ardebil province with a
similar climate).

For ETo, in comparison with the baseline, both A2 and B2 scenarios show an
increase for each time period (2010–39 and 2050–79). Generally, scenario A2
results in a higher increase in ETo compared to B2 in each time period for 2050–79,
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while for 2010–39, there is no difference between the values of ETo in the A2 and
B2 scenarios (Fig. 4c). ETo is around 6% higher than the baseline for 2010–39 and
12% for 2050–79. Overall, the situation will be more unfavorable as in the months
with peak demand, and the conditions will be more extreme (less rainfall, more
temperature and ETo).
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Fig. 4 Values of a temperature, b rainfall and c ETo for all the scenarios
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3.2 Assessment of Cropwat Model Outputs Based
on Climate Change

As mentioned in the previous section, because the value of ETo in scenario A2 is
higher than in B2 for both of future periods, the ETo of scenario A2 was selected to
estimate the GIWR, CWRs, and maximum flow of water supply (FWS) of the
cropping patterns in the district. Figure 5a–c shows the annual values for GIWR,
CWRs, and FWS for each crop in the baseline, 2010–39 and 2050–79 periods,
respectively. GIWR is an effective factor in designing and managing irrigation
networks, and is the quantity of water to be applied in reality, taking into account
water losses. For 2010–39 (2050–79), GIWR may be 6 (13), 6 (13), 3 (12.3), 7.5
(10.7), and 5.8% (14.5%) higher than the baseline for wheat, barley, alfalfa, lentil
and cotton, respectively (Fig. 5a). Consequently, the water volume of irrigation
requirements increases due to the increase of GIWR. In light of this, the estimated
water volume for the baseline, 2010–39 and 2050–79 periods are 16.5, 18 and 21
MCM, respectively. For 2010–39, CWR is higher than the baseline period for all
crops, increasing around 5, 5, 2, 7, and 5% for wheat, barley, alfalfa, lentil and
cotton by 2010–39. For 2050–79, CWR values are around 13, 13, 12, 12, and 12%
higher than the baseline (Fig. 5b). In the case of FWS, there are more differences
between scenarios which is the key factor affecting network performance (Fig. 5c).
For 2010–39, FWS is 8, 8, 3, 10, and 6% higher than the baseline for all crops,
respectively, while for 2050–79, the results show an increase of approximately 12%
compare to the baseline for all crops.

The results of this study are in accordance with other studies. In an extensive
study, Fischer et al. (2007) used climate change models and showed that irrigation
water demand increased approximately 45% in the world during the 1990–2079. In
another study, Knox et al. (2010) showed that irrigation water requirements
increased between 20–22% for the A2 and B2 scenarios for the climatic period
2050 in the Mhlume region in Switzerland.

3.3 Evaluation of Network Performance Based on Climate
Change and Water Supply Scenarios

Before interpreting the results of this section, it is important to briefly discuss the
LWR scenario. The LWR scenario states that the network will not be able to supply
water demands; therefore, there will be a water shortage because of the limitation of
water resources supplies in the irrigation district (Banihabib et al. 2015). Assuming
a constant volume of available water in all three time horizons, it will only be
possible to supply 16.5 MCM of water. Given increasing water demand in the
future periods, the outcomes of LINGO model showed that the optimum cultivated
area is 159 and 155 ha (for the A2 and B2 scenarios, respectively) lower than the
baseline in 2010–39 period, and 423 and 395 ha (for the A2 and B2 scenarios,
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respectively) in 2050–79 period. Furthermore, in order to calculate the performance
indicators of the network, 9 different scenarios, as explained in Sect. 2.3, were used
that were based on: 2 scenarios of water resources (LWR and NLWR), 2 scenarios
of climate change (A2 and B2), and 2 time horizons (2010–39 and 2050–79) along
with a baseline (note that the baseline is represented as no climate change and
current water supply resources). The nine scenarios mentioned in this section were
applied in the network simulation model created with WaterGems for a peak
demand reference day using FWS and GWIR in the outlets. The results showed that
the discharge of the network were 3.7, 4 and 4.3 cubic meters per second for
baseline, 2010–39, and 2050–79 periods, respectively. In the case of the discharge
of the outlets, the discharges were found to be 3.5, 3.7, and 4 L per second for these
time horizons, respectively. When the necessary input data was introduced into the
model, the results of the network pressure analysis showed that because of the
increase in water demand, the pressures decreased in the network. It was found that
for the baseline period, 61% of the outlets worked at a pressure between 40 and
50 m, but in future periods, more than of 55% of the outlets would work at a
pressure between 30 and 40 m. This demonstrates the significant decrease of
pressure in the network. Table 2 shows the average values of the indicators cal-
culated for a peak demand reference day. Through the optimization of cultivated
areas in conditions of water supply limitation, the water requirements of the
cropping patterns was supplied and, indicators of network performance were
evaluated (Table 2).

PEq are lower than the baseline in all scenarios, decreasing *1.5% in
B2 + NLWR to 22% in A2 + LWR for 2010–39, and *2% in B2 + NLWR to
42% in A2 + LWR for 2050–79. On the other hand, PEq in LWR are*20% (40%)
lower than NLWR for 2010–39 (2050–79). The PEq values in LWR scenario shows
that even by reducing the cultivated area in order to address the limitation of water
supply, excess water demand still exists in the network. In case of the Ps/a indi-
cator, compared to the baseline, both A2 + NLWR and B2 + NLWR scenarios
show decreasing but minor differences (decreasing*9%), while the other scenarios
show major differences (decreasing *17–47%). As a result, the number of outlets
with Ps/a < 1 will increase *63–146% (depending on the scenario type) in com-
parison with the baseline. Therefore, when the water demand increases in the
network, the number of outlets with Ps/a < 1 in terms of pressure supply will
increase. This means that, for example, in A2 + NLWR 2050–79, 450 more outlets
will work under the assigned pressure. In addition, if LWR is taken into account,
the number of outlets with Ps/a < 1 decreases*6% and 7–13% in comparison with
NLWR for 2010–39 and 2050–79, respectively. This is because in the LWR sce-
nario, the cultivated area decreases in future periods, and part of the network is
removed.

In the case of velocity indicators, results show that the VminTR and VmaxTR
values compared to the baseline decrease (*7–25%, depending on the scenario
type) and increase (*20–320%), respectively. In the Bilesavar district, by
increasing the maximum velocity, changes in pressure between maximum and
minimum discharge increases in the pipelines, and this may cause water hammer in
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the network. On the other hand, by decreasing the minimum velocity, the risk of
deposits in pipes increases. With NLWR, energy consumption would be less than
0.5% higher than the baseline for 2010–39, but may increase *15% and 9% in A2
and B2 in 2050–79, respectively. With LWR, because some pumping stations have
been removed in the network, energy consumption is lower than the baseline (*1–
6%). In general, the results clearly show how climate change would have a sig-
nificant impact on network performance with existing cropping patterns. The results
of this research confirm the study of Perez Urrestarazu et al. (2010), who used a
combination of emissions and European agricultural policy scenarios to evaluate the
performance of the Fuente Palmera irrigation network in terms of the equity and
adequacy of pressure at the outlets.

3.4 Discussion of Adaptation Strategies to Climate Change

– Changing the date of planting

Temperature is one of the environmental factors influencing different stages of plant
growth. The reproductive stage in plants compared to the growth stages is very
sensitive to high temperature and reproductive organs are very vulnerable to
increasing temperature before or during flowering stages. Climate change in a
region causes a limitation in the date of planting of a plant, therefore; change in the
date of planting can be one of the adaption strategies as reported in other researches
(Shahkarami 2009). The optimal temperature for planting each of plants and at least
temperature for germination, according to the crop pattern of study area, is pre-
sented in Table 3. Moreover, Table 4 presents the optimum temperature at planting
date for 2050–79 in study area.

As shown in Tables 4 and 5, the optimum temperature for growth of wheat and
barley is between 20 and 25 °C; therefore, November will be an appropriate month

Table 3 Optimum temperature at planting date

Crop Planting date Optimum temperature (°C) Germination (°C)

Wheat Late Oct. –early Nov. 20–25 4

Barley Late Oct. –early Nov. 20–25 4

Alfalfa Apr. and early Sep. 25 1

Lentil Late Mar. 18–30 15–25

Cotton Early May. 34 15

Table 4 Optimum temperature at planting date for 2050–79

Scenario Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

T-A2 0.5 2.3 8 15.7 21 29 34 33.2 27.1 18 10 4.2
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for germination and growth of those plants. Furthermore, as shown in Table 5, by
moving the planting date from early October to early November in 2050–79 period,
irrigation water requirement for wheat and barley increases. One of the reasons for
this increase can be due to increase in the crop coefficient of those plants and
locating in the growth and development stages with high temperature. In the case of
cotton, it will be possible to shift the planting date from May to early April in 2050–
79. As seen from Table 6, with this change, annual gross irrigation water
requirement is only 1 mm less than before adaption strategy, which is not
remarkable for adaption to climate change.

– Changing the hours of irrigation

One of the other adaption strategies to reduce the network’s vulnerability is
changing the hours of irrigation. The results show that in 2050–79, due to the
increase in evapotranspiration, irrigation interval reduces from 7 days to 5 days.
Moreover, in order to supply new water requirement in the irrigation network, the
hours of irrigation should be increased from 19 to 27.6 and 29 h for 2010–39 and
2050–79 periods, respectively. Since the maximum irrigation hours per day,
including 2 h of rest for pumping stations, are 22 h; therefore, the maximum of
22 h is considered for the network and its performance is evaluated with the
evaluation indicators of interest.

– Pressure equity indicator

The values of this indicator (Table 7) show that the equity of pressure distribution is
notably improved by increasing the hours of irrigation in the network. The
reduction of water abstraction at the outlets and improvement of the irrigation
network performance can be as one of the reasons for increasing the pressure
distribution equity; so that, when the hours of irrigation increase, the plant’s water
requirement is supplied for a longer time without reduction in the performance of
irrigation system.

Table 6 Gross irrigation water requirement (mm) by changing the planting date of cotton in
2050–79

State Apr. May. Jun. Jul. Aug. Sep. Sum.

No adaption strategy – 1.8 5.7 14.3 11.9 6.2 39.9

Changing the planting date of
cotton

1 3.1 8 14.4 12.4 – 38.9

Table 7 Pressure equity indicator by changing the hours of irrigation

Status Period Ppq Pbq Peq

No change in the hours of irrigation 2010–39 24.8 40.4 0.62

2050–79 14.2 31 0.46

Changing the hours of irrigation 2010–39 35.7 49 0.73

2050–79 24.6 40.8 0.6
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– Pressure adequacy indicator

According to the Table 8, the values of pressure adequacy indicator presents that
the status of pressure has been improved and the number of outlets, which will be
working at a pressure less than the required pressure, has been decreased by
increasing the hours of irrigation and subsequently, reducing the discharge at the
outlets for 2010–39 and 2050–79 periods.

– Maximum and minimum velocity ratio indicator in water transmission pipes

The values of the maximum and minimum velocity ratio indicator under the status
of changing the hours of irrigation are presented in Table 9. The results indicate the
reduction of maximum velocity in pipes so that this reduction in 2010–39 is more
considerable than 2050–79. The results also show that by increasing the hours of
irrigation, minimum velocity ratio indicator increases and the sedimentation of
particles due to the low velocity of water in the pipes decreases.

4 Conclusions

This study was an attempt to investigate the potential effects of climate change on
the irrigation network of the Bilesavar district, in Iran in terms of evaluation
indicators. In the case of climate change scenarios, the results showed that tem-
perature may increase by 10 and 23% on average by 2010–39 and 2050–79,
respectively. Rainfall may decrease by 4% on average by 2010–39, and by 7 and
1% for A2 and B2 by 2050–79, respectively. ETo is expected to be around 6%
higher than the baseline for 2010–39, and 12% for 2050–79.

Table 8 Pressure adequacy indicator by changing the hours of irrigation

Status Period Ps/a ave Ps/a max. Ps/a min. Ps/a < 1

No change in the hours
of irrigation

2010–39 0.80 1.24 0.34 517

2050–79 0.54 1.05 0.23 705

Changing the hours
of irrigation

2010–39 1.04 1.40 0.67 56

2050–79 0.80 1.24 0.34 202

Table 9 Maximum and minimum velocity ratio indicator by changing the hours of irrigation

Status Indicator 2010–39 2050–79

Changing the hours of irrigation Vmax 2.70 3.10

VmaxTR 0.08 0.24

Vmin 0.24 0.26

VminTR 0.40 0.44
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Due to changes in the climatic conditions in the Bilesavar district, irrigation
requirements may be higher in 2010–39 and 2050–79 by around 6 and 13% on
average (depending on crop type) respectively, which could lead to an increase in
the maximum flow requirements in the pumping stations and at the outlets.
Furthermore, the results of the model outputs indicated an increase in discharge of
the network that will lead to a rise in water demands for cropping patterns, and a
drop in pressure at the outlets.

Due to predicted changes in the climate, the irrigation network will have
problems in terms of pressure and discharge supply. The total discharge of the
irrigation system in its current condition will increase from 3.7 to 4 and 4.3 cubic
meters per second for the two future periods. It was observed that pressure equity
and pressure adequacy (Ps/a) decreased for 2050–79; the pressure equity dropped
on average from 81 to 46%, and the adequacy dropped on average from 1.03 to
0.54. In addition, the minimum and maximum velocity in the pipes showed major
differences with the permissible velocity for 2050–79. At present, the system would
still work properly in these conditions, but according to the results of this study, the
network will face problems. The significant changes in CWR or IR will have a
major effect on the network performance in terms of pressure.

In order to adapt to the demand with water supply restrictions in the Bilesavar
district, the planting area has to be optimally reduced. The results indicated a
reduction of around 5% and 13% of agricultural lands for the 2010–39 and 2050–79
periods, respectively. In addition, the results of the study specified that the optimal
reduction of the planting area, in conditions where sufficient amounts of water
cannot be supplied, is an appropriate strategy. In the case of other adaption
strategies, changing the hours of irrigation and changing the date of planting can be
effective strategies to adopt the irrigation system to climate change for the future
periods. The methodology presented in this paper can be used in other studies to
help identify the network area that could potentially have problems in the future,
and to assess other irrigation districts with different characteristics.
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Implication of Climate Change and Food
Security Status on Rural Farmers
in Kura Kano State North–Western
Nigeria

Salisu Lawal Halliru

Abstract This paper explores the food security context and the socio-economic
consequences of climate change on rural farmers in Kura local government, Kano
state, Nigeria. The purpose of the study was to ascertain the food security status of
the rural farmers in the study area. Socio- economic consequences were ascertained.
Agro forestry will serve as a win-win solution to the difficult decision between
reforestation and agricultural land use; hence it increases the storage of carbon and
may also increase agricultural productivity. Lottery sampling procedure was used in
the selection of local government, communities and farmers for the research study.
Structured questionnaire were used to obtain the data for the study. Food security
index was used to ascertain the level food insecurity among the rural farmers in the
communities. Descriptive statistics as a tool for analysis was used to analyze the
data obtained. 98.5% of the respondent was married with dependants and low
annual income of # 80,000 and below. Most farmers experienced loss of investment
on farm lands, lives and income respectively. This study reveals that rural farmers
suffered serious hardship they cannot produce what to feeds their families for at
least six month in a year (food insecure). They also suffered ill health, such as
malaria, water born diseases and skin infections among others. The study recom-
mends that policy makers should encourage more recognition of food security in the
state, support for adaptation activities in rural areas, enhance the role of civil
societies and adaptation and mitigation.
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1 Introduction

Climate change has effects on agriculture because an agricultural activity depends
on climate condition. That effect threatens our ability to advance global food
security. Agroforestry, is the growing of trees in agricultural landscapes, has the
potential to achieve sustainable agriculture in smallholder farming. Various
Agroforestry practices are suitable for adaptation of agroecosystem to climate
change. In view of t that Agro forestry will serve as a win-win solution to the
difficult decision between reforestation and agricultural land use, hence it increases
the storage of carbon and may also increase agricultural productivity. Agro forestry
will serve as a potential mitigation strategy.

It is important to point out that the global climate or the climate of any part of the
world has never been static. Climate fluctuations and climate change impinge on
human affairs in diverse and many ways, climate determines the ability of man to
feed him through its influence on agricultural production.

Agriculture is an important occupation and operation that provide income,
employment and food to Nigeria thereby enhancing food security in the country,
but in a situation of climate change, Agriculture in northern Nigeria as in other
northern parts of west Africa, would evidently be impacted (IPCC 2007). This is
applicable to Kano state where most rural communities engaged in farming and
crop production for their livelihoods and attainment of food security.

There is a growing consensus in the scientific literature that in the coming
decades the world will witness higher temperatures and changing precipitation
levels. The effects of this will lead to low/poor agricultural products. Evidence has
shown that climate change has already affecting crop yields in many countries
(IPCC 2007; Deressa et al. 2008; BNRCC 2008).

Food security, livelihoods, and poverty in rural communities in northern Nigeria
are determined by the agricultural production of the individuals and communities.
Also rainfall and temperature rate dictate the amount of agricultural production,
annually. Agriculture everywhere in the country, being dependent on rainfall, will
be adversely impacted by increased variability in timing and amount of rainfall.

Production of grain crops like maize, guinea corn, millet and rice can be
depressed. The openness of the region to high temperature also affects the level of
soil fertility (Adogi 2008). The state of agriculture in Nigeria in recent times shows
a continuous decline in exportation and increase in importation of agricultural
products into the country. The share of Nigeria’s agricultural products in total
exports plummeted from over 70% in the 1960s to less than 2% in 2010 (Adogi
2008).

The major contribution to the decline has been liked with the negative effects of
climate change on crop production in sub-Saharan Africa (Okunnola and Ikuomola
2010). It is predicted that the majority of Nigerian and African countries will have
novel climates over at least half of their current crop year by 2050 (IPCC 2007).
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2 Agriculture and Climate Change

Though the extent and nature of the effect of climate change on agriculture has not
yet been accurately forecast; its impact so far on diverse farming regions of the
world has been profound (McClean, et al. 2005; FOA 2007; Revkin 2008). Water
sources have become unpredictable; with excess, little or no rainfall and flooding
and inundation in coastal areas (Brown 2006; Dore 2005; Hopkin 2005).

3 Food Security and Climate Change

According to the FAO, food insecurity exist when people are not able to secure
access to an adequate and safe diet which constrains them from leading an active
and health life today. In addition, those who are currently food secure may become
vulnerable to food security in the future. Potential impact of climate change on food
security includes both direct nutritional effects (changes in consumption quantities
and composition) and lively livelihood effects (change in employment opportunities
and cost of acquiring adequate nutrition). Climate change can affect each of these
dimensions FAO(2002).

4 Food Security in Changing Climate

Food security (is) a situation that exists when all people at all times, have physical
social and economic access to sufficient, safe and nutritious food that meets their
dietary need and food preference for an active and healthy life FAO(2002). Climate
change has already caused and will continue to cause change in global temperature
and precipitation pattern as well as changes in soil processes and properties (Meehl
et al. 2007). This has lead to considerable concern that climate change could
compromise food security, which would lead to an overall decline in human health.

5 Implication of Climate Change and Food Security
in Nigeria

Countries in sub-saharan Africa, including Nigeria are likely to suffer the most
because of their geographical location, low incomes, low institutional capacity as
well as their greater reliance on climate—sensitive renewal natural resources sector
like agriculture (Ebon 2009). Climate change is threatening agricultural sector
because food production is affected when there is a change on the climate.

Implication of Climate Change and Food Security Status … 357

pcastro@ci.uc.pt



Once effects occur on agriculture it will equally has an effects on people who
depend on agriculture as a means of livelihood. According to IPCC 2007, BNRCC
2008. Rough estimates is of the view that for the next 50 years or so, climate
change may likely have serious threat to meeting global food needs than other
constrains on agricultural system.

The number of people without food to eat on regular basis is increasing in a
geometric progression. Over 60% of the world’s undernourished people live in Asia
and a quarter in Africa (FAO 2002). Climate change phenomenon affects agricul-
ture in many ways, such as unreliability in the onset of the farming season, due
to changes in rainfall characteristics; this can result to an unusual sequence of
planting and replanting which may lead to food shortage due to harvest failure
(Okoh et al. 2011).

6 Significant of the Study

Most climate change impacts research studies have been focusing on human per-
ception on climate change while implication of climate change and food security
status remains a poorly investigated area in research. At the same time cultivation of
indigenous foods found growing in the forests that are important locally but have, to
date, been under-researched by the scientific community. Climate change is rec-
ognized as one of the major worldwide challenges facing men and his environment
and has become one of the areas of urgent concern and focus.

Agro forestry is one of the potential options which can be us or practice to
mitigate the impacts of climate change and therefore there is need to conduct a
research on the implication of climate change and food security status in our
communities.

7 Aim and Objectives of the Study

The main aim of this research is to explore the food security context and
socio-economic consequences of climate change on rural farmers in Kura local
government area, Kano state from which the following specific objectives were
derived:

(a) To determine the relationship between climate change and food security in the
study area.

(b) To examine the food security status of rural farmers in Kura emanating from
climate change using food security index.

(c) To examine the impacts of climate change event on food security of the farmers
in the local government.
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8 Method and Material

This study was carried out in Kura local government area Kano state, Nigeria. The
area was selected because agriculture is the major economic activities in the area.
The study area is located at the southern part of Kano state with a population of
144,601 million people (NPC 2006) with a land mass of 206 km2, is located
between 11° 46′ 12.84′′N and longitude 8° 35′ 29.02′′E it is about 900 km from
the edge of the Sahara desert and 1140 km away from the Atlantic ocean
approximately.

The study area shares boundary north and east with Kumbotso local government
and west–south it boarders with Madobi and Garun Malan local government area
respectively, extreme south–east it boarders with Bunkure local government area.
(Fig. 1) The area has three marked temperature regimes; warm, hot and cold with
mean annual temperature of 26 and 21 °C main monthly range of maximum
temperature in December/January and over 35 °C which is hottest (April/May)wet
season start in May and ends October. While November to February is dry cool
season with hamattan haze. Vegetation is savanna (grassland) of Sahel Sudan
guinea type.

Lottery sampling procedure was used for the selection of the communities and
farmers for the research. Six communities were selected to represent the local
government area. The measures for selecting the communities include the
following:

Fig. 1 Map of Kano state showing the study area Source Field study 2010
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i. Community with a sizable number of farmers with at least ten (10) hectre of
cultivable land.

ii. Community with all year round farmers i.e. engaged in farming activities
during the dry and wet season.

iii. Agriculture- economy based community.

On view of the above, Imawa, Karfi, Gundutse, Bawa, Dukawa, Baure, were
selected as the study location. A sample of 50 farmers were selected in each
community based on snow ball method of one farmer directing the researcher to the
next farmer this way a total of 300 sample were collected. The main source of data
was through mean of annual temperature and rainfall from January 1991 to
December 2013 were collected from Malan Aminu Kano International Airport
Nigeria meteorological Agency (MAKIA-NIMET) for the study. The primary data
were obtained through observation, discussion, interview and administration of
structured questionnaire survey. Information sought was on personal information of
respondents including their age, sex, marital status, educational level, additional
information were sought based on their involvement in agricultural activities.
Descriptive statistics were used to summarize the socio-economic characteristics
and to determine the level of food insecurity as well as the food security status
among the farmers. The researcher used period of six years in accessing farmers’
agricultural activities in the study area from 2007–2012. The data gathered was
analyzed using tables, percentages and other statistics techniques relevant for the
data collected.

Food security index: food security index was used to determine the level of food
in security among rural farmers that have been affected by drought, flood and other
climate hazard over the past 40 years. Food security equation used by Felake et al.
(2003) and ways of measuring farmers’ food security status by Hoddinott (2001) in
Emaziye et al. (2013) were adopted for this study. The equation is stated as:

Cx ¼ Cj� Yi ð1Þ

Cx food security index of rural farmers
Cj quantity of food consumed (N = 1–5)
Yi expected required food to be consumed (N = 5)
If Cx=0 rural farmer will be said to be a food secure.
If Cx < 0 then the rural farmer will be said to be a food insecure

Hoddinott (2001) in Emaziye et al. (2013) outline four ways of measuring
household food security status; such as dietary diversity which involves deter-
mining the frequency and the number of different foods consumed by an individual
over a period of time. Therefore food security index of rural farmers in these study
was adopted from Emaziye et al. (2013), based on the total household daily con-
sumption (carbohydrate, vitamins, water, proteins, minerals and fat/oil). A food
secured rural farmer is expected to consume all the time categories.
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Food insecure category was further categorized in mild food insecure, moder-
ately food insecure and severe food in secure.

(Cx = Cj − Yj) = 4 − 5 = −1 (Mild food insecure)
(Cx = Cj − Yj) = 3 − 5 = −2 (Moderately food insecure)
(Cx = Cj − Yj) = 2 − 5 = −3 (severe food insecure)

9 Correlation

Correlation was used to determine the relationship between calculated climate
change variables coefficient of variation and food security of rural farmers in Kura
local government.

Fs ¼ AtcvTcv þArcvRcv þAycvYcv þ e

where,

Fs food security
Tcv temperature coefficient of variation (%)
Rcv rainfall coefficient of variation (%)
Ycv food production (yield) coefficient of variation (%)
E error term
Atcv, Arcv, Aycv Model parameter

Adopted from: Emaziye et al. (2013).

10 Result and Findings

The data on the personal variable of respondents shows 65% of them were within
the age 43–53 the remaining were aged 54 above. On the marital status of
respondents a total of 200 which represents 66.67% were married, 65% which is
21.6 were divorced, and 35 which represent 11.8% were single. On the educational
level of respondents, 120 respondents which is 40% had Qur’anic education, 100
respondents which is 33.33% had primary education, and 80 respondents which is
26.6% had adult education. The respondents mean annual income is N 65,642
(Naira) about $378USD which is less than $1(one dollar) a day which shows a
poverty situation of the rural farmers. This might probably due to climate change
impact in the state.

In Table 1 above reveal that food security has a significant relationship with
climate change variables using Pearson correlation, as temperature and rainfall
contributed toward food security it is a well known fact that every crop has rainfall
and temperature requirement for it survival as equally observed by the rural farmers
in the study area these coincided with the findings of Emaziye et al. (2013).
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Table 2 above shows how food security index was used to ascertain the level of
food security in the study area, and it is reveals that the area falls under severe food
insecure with 50% due to shortage of rainfall and 42% moderately food insecure
respectively. Based on these findings only 3% were food secured and 5% mild food
secure. This was attributed to climate (drought) that resulted to crop failure and loss
of investment on farmlands in the study area.

Table 3 above indicated that farmers in the study area experienced a severe
impact of losses with 55% because the farmers in the study area depend mostly on
climate-sensitive resources for livelihood. This is as a result of climate change
event. These findings coincided with statement of Ebon (2009) where he stated that
countries in sub Saharan Africa, including Nigeria are likely to suffer the most
because of their geographical location.

Limitation and constraint of the paper

• Some of the respondents were illiterate which pose a problem of language
barrier. Though the researcher spent time with the respondents trying to translate
and interpret the questionnaire for them. However, the research assistants were
familiar with local language mainly Hausa in order to reduce the limitation.

Table 1 Relationship between climate change variables (temperature and rainfall) and food
security in Kura local government

Correlation Food security (Fs) Temperature (Tcv) Rainfall (Rcv)

Fs 1.000 – –

Pearson TCV – 1.000 1.000

Correlation Rcv – −000 −000

Fs – – –

Sig. Tcv −000 – –

(1-tailed) Rcv −000 – –

Fs 5 5 5

Tcv 5 5 5

N Rcv 5 5 5

Source field study 2013

Table 2 Respondents food security index

Food security index Kura local government (n = 300) Percentage (%)

Food secure 10 3

Mild food insecure 15 5

Moderately food insecure 125 42

Severe food insecure 150 50
Mean Severe food insecure

Source field study 2013
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• The scope of the study is only limited to Kura local area which is not enough to
make generalization about the investigated issue.

• Inadequate finance to cover wider affected area in the region.

11 Conclusion and Recommendation

Climate change poses a serious threat in Nigeria Kura local government inclusive
(study area) especially in the area of agriculture. As a result of reduction in pre-
cipitation and high temperatures and evatranspiration during droughts period has
negatively impacted staple food production in the study area. Thus, a negative
impact from climate change in Kura brings about increased poverty, water scarcity
and food in security. First we learned that there is a significant relationship between
climate change and food security in the study area as rainfall and temperature were
contributors. Secondly food security index revealed severe food insecure situation.
Thirdly the study revealed severe impact of losses of crops and investment. The
study therefore recommends the following for future prospect;

Additional research is needed to further develop local farmers’ ability to understand
and address issues related to climate change, Agriculture and Agroforestry.
Campaigns’ to raise awareness on the role on indigenous species in climate change
adaptation.
There is need for development of appropriate policies and institutional infrastruc-
ture to catalyze adoption of Agroforestry.
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Decentralised, Off-Grid Solar Pump
Irrigation Systems in Developing
Countries—Are They Pro-poor,
Pro-environment and Pro-women?

Sam Wong

Abstract This systematic, evidence-based literature review examines the effec-
tiveness of localised solar-powered small-scale irrigation systems (PVPs) in poverty
reduction, environmental conservation and gender empowerment in developing
countries. It suggests that PVPs are able to enhance farmers’ adaptive capacity by
raising agricultural productivity and their incomes. They also help mitigate climate
change by reducing CO2 emissions. The distribution of the benefits and costs,
brought by PVPs, is, however, so uncertain that requires further scrutiny. PVPs are
successful in rising energy-water efficiency, but the environmental trade-offs with
the underground water depletion and e-wastes requires solutions. Using PVPs to
achieve gender equalities may only be materialised if the structural discrimination
against women in land ownership and access to resources is challenged, along with
the interventions of PVPs in rural communities. This book chapter recommends
more in-depth and longitudinal studies to explore the complex and long-term
implications of PVPs. More evidence is also needed to assess the effectiveness of
governance reforms in access of PVPs in poor communities.

1 Introduction

Climate change brings erratic weather patterns, which poses threat to rain-fed
farming practice in developing countries (Alemaw and Simalenga 2015;
Mendelsohn 2008). Irrigation proves effective in mitigating the impact of climate
change by providing more predictable water supplies (GGGI 2017; IRENA 2016;
FAO 2011). Yet, the heavy reliance on diesel in pumping the irrigation systems
produces so much CO2 that, in turn, speeds up climate change.
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The rising popularity of solar-powered irrigation systems (also known as pho-
tovoltaic water pumps—PVPs in short) to serve off-grid areas and to replace
diesel-based irrigation systems seems to offer an answer to these questions. PVPs
have been considered a ‘game changer’ in agricultural development in developing
countries (Burney and Naylor 2012: 121). IRENA (2016) suggests that PVPs pro-
vide ‘reliable, cost-effective and environmentally sustainable energy for decen-
tralised irrigation services’ (p. 50). Both the World Bank (2015a) and GGGI (2017)
stress that PVPs, as a ‘pro-poor’ and ‘pro-women’ technology, deserve up-scaling.

This rosy picture is, however, not shared by all development scholars and
agencies. EEW (2016), for instance, urges for caution. It argues that the
one-size-fits-all intervention has yet seriously taken the contextual specificity of
different developing countries into account. The barriers to the access to PVPs, such
as affordability, are a few unresolved issues (Shinde and Wandre 2015).

Around the controversies of PVPs, this paper is intended to draw on evidence from
existing literature to assess the actual impact of PVPs in developing countries in three
aspects: poverty reduction, environmental conservation and women empowerment.
Through a systematic, evidence-based literature review, it aims to differentiate claims
from facts and to assess what PVPs have achieved and what have not. To achieve
these goals, this paper focuses, not only on the irrigation technology, but also on the
complex political and economic processes that shape human incentives in energy
switch and influence the distribution of costs and benefits in PVP adoption.

This paper will first discuss the impact of irrigation around the
‘water-energy-livelihood’ nexus. After the theoretical and methodological section,
it will evaluate the impact of PVPs in the ‘pro-poor’, ‘pro-environmental’ and
‘pro-women’ aspects with case studies, examples and evidence.

2 Evolution of Micro Irrigation Systems

Solar-powered irrigation systems are devices that use the ‘solar cell from the sun’s
radiation to generate electricity for driving the pump’ (Yu et al. 2011: 3176). They
usually insist of an array of photovoltaic cells, a controller, a motor pump-set that
pump water from a well or a reservoir for irrigation. PVPs are a generic term which
touches on various solar-related interventions, such as drip, potted and sprinkler
irrigation. Apart from irrigation, solar pumps are also used for providing drinking
water for humans and livestock. There are diverse models in promoting PVPs in
terms of ownership (individual vs collective/communal approach), payment (daily,
weekly, monthly or annually) and organisation (individual vs. groups).

The current debate over the role of irrigation in social and agricultural devel-
opment in developing countries has been around the ‘energy-water-livelihood’
nexus, amid issues, such as climate change, food security and renewable energy
(Biggs et al. 2015). Agriculture absorbs most of the employment. For example, 45
and 50% of the workforces in Bangladesh and India are farmers respectively
(World Bank 2015b). 40% of global population rely on farming for livelihoods
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(IRENA 2016). 15% of total GDP in India comes from the farming sector. Apart
from the economic importance, agriculture consumes 70% of global freshwater
resources. Irrigation is particularly crucial to countries without sufficient surface
water. For instance, Namibia relies on 50,000 boreholes for water supplies (SELF
2008).

While 20% of global cultivated land are under irrigation, only 5% is recorded in
Sub-Saharan Africa (IRENA 2016). Most subsistence smallholders rely on rain-fed
farming which leads to food insecurity and malnutrition. The promotion of electric-
and diesel-based irrigation since the 1960s and 1970s has encountered numerous
challenges. For instance, Bangladesh has installed 1.43 million diesel-based pumps
and 320,557 electric-based pumps (Islam et al. 2017). However, electric-powered
pumps are not always an option since many poor villages in developing countries
are beyond the reach of national power grids. Only 5% of rural population in
Kenya, for example, are connected to the electric grids.

In contrast, diesel-powered irrigation seems to offer a more realistic solution
because the liquid-based innovation provides flexibility and convenience.
According to the World Bank (2015b), diesel pumps consume 1 million tons of
diesel globally, which is worth US$900 million. Diesel does not, however, come
cheap. Bangladeshi government imported 2.9 million metric tons of diesel fuel in
2011–2012 and subsidised US$0.3 of each litre of diesel, which has exerted sub-
stantial fiscal pressure (Islam et al. 2017). Some farmers in India spend 40% of their
annual revenues on diesel (IRENA 2016). They were also exploited by the mid-
dlemen who charged them higher diesel prices during peak irrigation and cropping
seasons. Worse still, diesel pumps emit 6.73 million tons of CO2 in Bangladesh
alone, which has ameliorated the problems of climate change (Hossain et al. 2015).

In the light of these problems, the solar-powered irrigation technology has
caught the attention over the past decade. The long-term costs of PVPs, in terms of
the costs of fuel and maintenance, are claimed to be lower than that of their
diesel-based counterparts. The use of solar energy, as a form of renewable energy,
fits very well into the Clean Energy Mechanisms. As a result, the Moroccan gov-
ernment, for example, has promised to install 1 million sets of PVPs by 2022. The
numbers of solar pumps in India are also expected to rise from 13,000 units in 2014
to 100,000 by 2020 (GGGI 2017).

3 Theoretical and Methodological Frameworks

How good are the PVPs? What impact have they made on the environment as well
as on poor people’s livelihoods? The mainstream approach in the literature tends to
compare and contrast PVPs with electric- or diesel-powered irrigation systems over
costs, performance and impact.

Development scholars and practitioners are keen to use the comparison to justify
if, and how, the new technology is able to challenge the already operating con-
ventional systems.
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Yet, the comparative approach is not problem-free. Some researchers have been
criticised for taking a binary thinking over ‘clean solar versus dirty diesel’ or
‘efficient solar versus inefficient diesel’ (Chandel et al. 2017). The explicit biases
towards PVPs could sometimes affect the quality of the analyses. To address the
limitations of the research design, there is a need to conduct a systematic literature
review and use a set of objective indicators to measure the effectiveness of PVPs.
This evidence-based work is particularly keen to examine scientific research and
literature, based on three major criteria of comparison: (1) the short-term and
long-term impact; (2) the quantitative and qualitative changes of people’s lives and
the environment before and after the interventions; (3) the differences between the
control and treatment groups.

To analyse the impact on poverty reduction, the following criteria will be taken
into account:

– farmers’ incomes
– farmers’ adaptive capacity
– farmers’ social capital
– access and affordability
– opportunity of participation (in terms of decision-making power and ability to

negotiate)
– access to resources, such as finance
– food security
– time-saving
– fuel-saving
– crop yields
– crop diversification
– cropping intensity
– impact on health
– government subsidies on fuel.

Over the environmental impact, the analytical criteria are:

– ground water level
– ‘water-energy’ efficiency
– carrying capacity of land
– noise and air pollution
– borehole contamination
– CO2 emissions.

To evaluate the ‘pro-women’ claim, the following criteria will be adopted:

– women’s incomes
– women’s decision-making power
– access or control to resources
– capability of participation.

Theoretically, this paper pays attention, not simply to technological, but also to
structural and political aspects around irrigation systems. The access and

370 S. Wong

pcastro@ci.uc.pt



affordability issues reflect the decision-making and negotiation power of technology
users. The inclusion and exclusion of certain technologies are related to the (un)
even distribution of costs and benefits between groups.

In conducting the literature review, this paper has encountered several
methodological challenges. As mentioned before, solar-powered irrigation systems
are a generic term, which comprise different systems, such as drip and sprinkler
irrigations. Their impact on farmers’ livelihoods and the environment could be
different. The diverse delivery models of PVPs have also made the comparison
difficult. For example, the research by GGGI (2017) suggests that PVPs in East
India tend to adopt the ‘service-based delivery model with a capital subsidy
scheme’, whereas the ‘grid-connected buy-back scheme and solar cooperative
model’ is more common in West India (p. 2). While the adoption of different
management models is related to water availability of different regions, how each
model is comparable with the diesel systems requires a more robust research design.

Another challenge is that the majority of comparative studies are conducted in a
snapshot, rather than longitudinally. The longer-term impact is less
well-documented. Additionally, a fair and scientific comparison between solar and
liquid-based systems should be based on similar circumstances and contexts, such
as crop types, planting size, environmental conditions and water quantity and
quality (Maurya et al. 2015). Yet, this essential information is not often available in
literature.

4 Pro-poor Analysis

The World Bank claims that PVPs are a ‘lower-cost’ option which enhances
‘geographical equity in access to modern irrigation’ (EEW 2016: 12). How true is
this claim? This section will focus on four particular aspects: changes over pro-
ductivity and incomes, the life-cycle cost analysis, farmers’ adaptive capacity, and
social capital building.

4.1 Changes Over Productivity and Incomes

The majority of the literature have suggested that farmers switching to PVPs have
increased the crop production. Kishore et al. (2017), for example, stress that farmers
in Bihar have witnessed a 9–10% increase in productivity after gaining access to
irrigation from solar pumps. The rising yields, according to the literature, are the
consequences of the expanding irrigated areas, multiple cropping and increasing
cropping intensity. EEW (2016) finds out that PVPs have enabled farmers in India
to increase the cropping intensity, from previously one cropping to three cropping a
year.
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The Ruti irrigation scheme in Gutu District, Zimbabwe, sponsored by Oxfam
(2015), has replaced the old gravity-fed irrigation method with PVPs. The study
suggests that, after the introduction of PVPs, 60 ha of land were irrigated and three
harvests a year were materialised. The project has benefited 270 farmers and the
production of maize has been improved to four to five tonnes per hectare. While the
household incomes were all increased amongst the participant farmers, Oxfam has
found out that the PVP project has benefitted the very poor group most by rising
their household incomes by 286%, whereas the other two groups, the poor and the
middle-income were recorded an increase by 173 and 47% respectively.

Research by Burney and Naylor (2012) also support the claim that PVPs help
increase farmers’ incomes. It found out that farmers in Northern Benin involved
with PVPs earned US$0.69 more than their non-PVP counterparts on a daily basis.
The rising productivity and higher incomes have significant implications for pov-
erty alleviation. UNEP (2012) has suggested that a 10% increase in farm produc-
tivity would reduce poverty by 5 and 7% in Asia and Africa respectively.

An unintended, but positive, consequence of the adoption of PVPs is the rising
crop diversity. Rather than focusing on staple food, solar-pumped irrigations have
helped farmers increase both of the production and consumption of fruit and veg-
etables. Based on the solar market garden project in Northern Benin, Alaofe et al.
(2016) find out that the PVP-involved households have increased their vegetable
production. Similarly, Oxfam’s Ruti irrigation scheme (2015) has recorded farmers’
changing cultivation practices by making rotation between food crops and cash
crops, such as potatoes, tomatoes and sugar beans, on the same fields. Growing and
consuming more nutritious cash crops have significant gender and health impli-
cations since women play a key role in domestic food preparation. More fruit and
vegetable intake would reduce the chance of micro-nutrient deficiency.

The sales of surplus vegetables and tomatoes to local markets, according to
SELF (2008), have enabled poor families to buy staples and protein-rich food,
especially in dry seasons. Burney and Naylor (2012) have made a similar con-
clusion on annual and seasonal food security. They have suggested that
PVP-involved farmers, being able to purchase more food in dry seasons, have
reduced the household food insecurity score by 17%.

Yet, not all research share the same conclusion about the links between the
adoption of PVPs and the increase of crop diversification. Burney and Naylor
(2012) has stressed that their research in Ghana and Zimbabwe could not find any
evidence to support the claim that the introduction of PVPs automatically leads to
more higher-value crop cultivation. They believe that changing cropping strategies
and patterns are related to perceived risks amongst irrigation users.

The effectiveness of PVPs is affected by the seasonal change of radiation. In their
research in Punjab, Pakistan, Naseem and Imran (2016) have found that the annual
crop productivity was recorded a 5% increase when compared to the previous year
after switching to PVPs. However, since the solar systems were less effective in
winter, it caused dissatisfaction amongst some participants. This example has,
therefore, shown that how to manage expectations and how well the participants are
informed about the seasonal impact of PVPs are equally important.
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Whether it is a good idea to increase crop intensity and farm productivity,
induced by PVPs, also depends on local ecological contexts. Without paying suf-
ficient attention to annual water recharge rates, groundwater levels and soil char-
acteristics, Sarkar (2011) warns that short-term benefits could lead to long-term
problems, such as waterlogging, salinization and land degradation. Citing a case
study in China, EEW (2016) stresses that the long-term costs of land degradation
and the depletion of water supplies are disproportionately borne by resource-poor
farmers.

4.2 Cost Comparison

Another approach to the pro-poor analysis is to compare the costs and benefits of
PVPs with their diesel- and electricity-based counterparts.1 The majority of the
literature seems to reach a consensus that PVPs are cheaper than the other irrigation
systems in the long-run, and hence pro-poor in nature.

One of the most common comparative analyses is life-cycle cost analysis (LCC).
LCC measures the net present values by comparing the total costs and total benefits,
normally over a 20–25 years period (IRENA 2016). In terms of water pumping
systems, the cost components include initial capital costs (such as costs of transport
and installation costs), operational and recurring costs (such as fuel expenditure,
operational costs, maintenance services and replacement costs and labour). The
total benefit components include fuel savings and yield increases. The purposes of
conducting the LCC analysis are to examine which system is the cheapest in the
short- and long-term and to calculate the payback time of investment.

Our study has indicated that most of the literature have suggested that solar is the
cheapest option when compared to other three types of fuels: diesel, electricity and
gasoline. The LCC analysis by GGGI (2017) suggests that the total cost of PVPs is
64.2% of the 10-year life cycle cost of diesel water pumps. Similarly, Emcon (2006)
finds that the LCC of PVPs are 20% lower than that of their diesel counterparts. The
study by GIZ (2013), based in India, also indicates that the LCC of a 746 W
diesel-based pumping system for a ten year period is nearly 36% higher than that of
a PV-powered system of the same capacity. This means that the investment pay-
ment for PVPs is between 4 and 6 years (Chandel et al. 2015).

Based on the irrigation costs, in term of INR/m3, through 5HP capacity pump
over a 25-year period, EEW (2016) indicates that solar is much lower than diesel—
0.18 and 0.32 respectively. Comparing solar and gasoline, a Guilan province-based
study by Niajalili et al. (2017) shows that the LCC of gasoline-based pumping
systems are 1.56 times of their PVP counterparts. In terms of the costs of solar and

1Some studies take a different perspective, comparing and contrasting the costs amongst
solar-based irrigation systems. For example, Ali (2018) compares the initial cost and the levelised
energy costs of PVPs, CDPs (concentrating disk pumps) and PTP (parabolic trough pumps) in
Sudan and suggests that PVPs are the cheapest.
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grid-based electricity, EEW (2016) show that solar is slightly cheaper than elec-
tricity in term of irrigation costs—0.18 and 0.19 INR/m3 respectively.

All these studies agree that the up-front costs of PVPs are much higher than that
of their diesel and electricity counterparts. Yet, the overall costs of solar panels have
been decreasing. Solar does not require fuel, and the operational and maintenance
costs of PVPs are neglectable. In contrast, EEW (2016) underlines three major
problems of the diesel-based systems: volatile diesel prices, unreliable supply of
diesel and complicated maintenance support, including replacement of parts and oil
change and filter replacements (SELF 2008).

However, not all LCC studies support the superiority of PVPs. EEW (2016), for
instance, shows that solar is actually less cost-effective than electricity-based
pumps. Based on their LCC analysis in Namibia, SELF (2008) stresses that solar is
cost-effective only in small- and medium-sized wells. The LCC of the big-sized
wells is yet conclusive.

Another concern is about how LCC is actually conducted. To make reliable
comparison, LCC researchers need to draw on similar criteria and conditions, such
as system size and capacity, the depth of wells and the quantity of water being
pumped up. However, Emcon (2006) highlights the methodological and practical
challenges. For instance, he points out the significant performance differences
between low and high quality diesel engines. The diesel maintenance costs between
major and minor services also vary. Similarly, the efficiency of PVPs depends on
how they are connected. Without batteries, PV modules power pumps directly,
which save the maintenance costs of batteries. In calculating the actual and potential
benefits, the PVP users may raise their revenues by increasing crop intensity and
productivity, as indicated in the previous section. Yet, Hossain et al. (2015) caution
that the benefits depend on the choice of crops and cultivation patterns. For
example, in their case study of Bangladesh, PVPs are economically viable for
growing tomatoes, brinjal and wheat crops, but not rice.

Scholars also question the rational choice assumptions underlying LCC—energy
users will switch to cheaper technological options because of lower fuel costs and
higher efficiency. Yet, costs is only one of many factors in energy and fuel switch.
Social acceptance and cultural contexts, for example, play equally significant roles
in shaping the transition.

Another criticism about the LCC analysis is about the confusion of cost and
affordability. Many LCC scholars have suggested that PVPs are lower in LCC and
they will bring long-term benefits to poor farmers. Yet, the initial costs of PVPs are
much higher than that of their diesel counterparts. For example, the research by
Niajalili et al. (2017) in Iran finds out that the up-front costs of PVPs are seven
times of that of diesels. It will take nine years for both systems to be equal in total
costs. The high initial costs deter poor farmers from using PVPs. Without
addressing the access issues, poor farmers are not able to enjoy the long-term gains,
suggested by the LCC analyses.

Heavy subsidies from governments on grid-connected electric and diesel-based
pumps have been criticised for creating an unfair playing field to PVPs since the
subsidies have distorted the actual costs of the technology. Yet, in many cases,

374 S. Wong

pcastro@ci.uc.pt



PVPs also receive subsidies from the governments and development agencies, but
the figures are not often clearly documented. Another challenge for LCC analysts is
that the reduction of CO2 emissions by switching diesel irrigation to PVPs would
bring additional incomes to governments because of the carbon credit markets.
However, this additional benefit is rarely mentioned in the LCC analysis.

4.3 Adaptive Capability and Social Capital Building

PVPs are often praised in the literature for enhancing poor farmers’ adaptive
capacity to tackle climate change and for making social capital to build trust and
mutual support. Adaptive capacity is intended to improve farmers’ resilience
against erratic climatic patterns brought by climate change (Colback 2015). Social
capital making fosters mutual learning of farmers based on social network building
(Badenoch 2009). These two goals and impact are usually achieved through col-
lective- or community-based solar pump irrigation models. In the case studies of
Dhundi village in Gujarat, India, for example, the International Water Management
Institute pulls six individual solar-pumped irrigators together and helps them form
the Solar Pump Irrigators’ Cooperative Enterprise (IWMI 2015). Through the
mini-grid solar system and selling surplus power to the national grids, IWMI
stresses that all participants are better off.

This rosy picture has, however, been challenged for who the actual participants
are. Burney and Naylor (2012) suggest that successful PV adapters are usually not
the poorest agricultural households. In their project in treadle pumps in Ghana, they
compare and contrast 108 individual farmers (52 adopters vs. 56 non-adopters).
Their study suggests that, although the adopters of the treadle pumps receive higher
incomes that the non-adopter counterparts, they are more likely to have ‘lower
dependence ratios in their households’ and have ‘greater access to extension ser-
vices’ (p. 114). Similarly, asking who are more likely to adopt PVPs for irrigation,
Ali (2018) find out that it is educated, young and wealthier Pakistan farmers in their
case study who are more likely to embrace PVPs. Research by EEW (2016) and
Kishore et al. in Rajasthan, India (2014) also reach similar conclusions about
medium- to large-farm owners are more likely to install state-subsidised PVPs
because of their knowledge and networks.

Regarding social capital building, Wong (2012) warns that switching to
solar-based systems could, unwittingly, destroy poor people’s social capital. Using
rural villages in Bangladesh and India as examples, he suggests that solar home
lighting systems could only benefit those who are in the same room. In contrast,
diesel, kept in liquid, could be shared with more villagers who have plastic con-
tainers to keep diesel. Furthermore, how to keep the solar systems safe could easily
become a security issue (Emcon 2006). Unlikely diesel pumps which can be kept
indoors, solar panels are installed on roof. Apart from theft, physical damage by
strong wind could bring additional stress to villagers.
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The PVP literature has also mentioned the positive impact of PVPs on education
and time saving. For example, Burney and Naylor (2012) examine the impact of
PVPs in school attainment in their Ghanaian research and find out that villages
having the PVP installation have recorded higher rates in school attainment. Yet,
they have not provided explanations for the changes. Similarly, PVPs have also
been acclaimed to free people from hand watering and walking long distance to
fetch water. Yet, not many ethnographic studies have been conducted to examine
the impact of the gain of time-saving on people’s actual livelihoods.

In a nutshell, this section has demonstrated that the evidence to support the
pro-poor claims, associated with PVPs, is mixed, and sometimes with contradictory
results.

5 Pro-environmental Analysis

In this section, we will focus on four particular aspects: CO2 emissions, ground-
water extraction and depletion, soil conservation and land degradation, and e-waste.
The general consensus in literature is that replacing diesel-based pumps by PVPs
helps minimise CO2 emissions. Yet, PVPs may not necessarily have lower envi-
ronmental footprints than their diesel counterparts because of a lack of incentives in
reducing groundwater over-extraction and the potential of e-waste.

5.1 CO2 Emissions

The agricultural sector has been considered a big CO2 emitter. 50 to 70% of total
emissions are generated from energy activities in the agricultural sector (IRENA
2016). Numerous research, such as GGGI (2017) and Burney et al. (2010), has been
conducted to compare and contrast the CO2 emissions of different irrigation pumps.
For example, an irrigation pump with 3.73 kW capacity, powered by solar,
grid-electricity and diesel and run for 1250 h annually, the study by Jain et al.
(2013) finds out that their annual CO2 emissions are 0, 4 and 5.2 tonnes respec-
tively. Based on this research, these authors estimate that reducing 50% of existing
10 million sets of diesel pumps in India would help cut 26 million tonnes of CO2

emissions annually. Similarly, installing 50,000 PVPs in Bangladesh would help
save 450 million litres of diesel.

5.2 Groundwater Depletion and Over-Extraction

Irrigation can affect groundwater cycle, especially the groundwater recharge.
Research by Casey (2013) underlines the global retreat of water table by 0.3 metres
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annually. Improving water-energy efficiency, defined as ‘more crop per drop or per
kilowatt-hour’ (IRENA 2016: 9), by better performed PVPs, could worsen the
problems. As EEW (2016) explains, since the operational costs of PVPs are nearly
zero, once installed, there is little incentive for farmers to conserve water. Without
adequate groundwater recharge, it would lead to unsustainable water consumption,
especially in arid and semi-arid regions.

The over-withdrawal problem could be worsened by the guaranteed buy-back
schemes promoted by some NGOs. To conserve energy, surplus energy generated
by PVPs is sold to national grid. One case study by GGGI (2017) illustrates that
farmers in Gujarat, India, make US$900 profit for a farm as big as one hectare with
a 7.5 kW solar pump. The fee-in tariff, according to the World Bank (2015a), turns
PVP farmers to ‘micro-level independent power producers’ (p. 16). However, the
short-term monetary gains become pervasive incentives for them to maximise water
withdrawal, without paying sufficient attention to the long-term environmental
sustainability. Worse still, the tariff schemes may only benefit rich farmers owning
more PVPs with higher capacity. To address these problems, using remote
surveillance technology to monitor farmers’ water usage and strengthening the
power of groundwater regulators have both been proposed (El-kader and El-Basioni
2013).

Yet, the issues of over-extraction are context-specific. Comparing East and West
India, GGGI (2017) discovers that a controlled underground water extraction could
be beneficial, especially to East India. Being a flood-prone region, PVPs may help
lower underground water table and produce porous alluvial aquifers. They both
reduce surface water runoff and risk of flooding.

5.3 Land Degradation and Soil Conservation

Irrigation can reduce soil erosion and slow down land degradation by raising car-
rying capacity of grasslands. Xu et al. (2013), for example, have managed to use
solar pump irrigation to cover a total area of 1.73 million hm2 in Inner Mongolia.
However, concerns have been expressed about the negative impact of the drop of
groundwater level on the dynamic equilibrium of plateau permafrost. The thinning
of permafrost in Qinghai could result in land subsidence (Yu et al. 2011).

5.4 E-waste Pollution

PVPs, unlike diesel pumps, minimise the danger of borehole contamination.
However, an improper disposal of contaminating solar items, such as poly-silicon
and cadmium telluride-based thin-film solar cells, could have significant negative
impact on the environment. Dissimilar to developed countries, such as EU, which
has got the Waste Electrical and Electronic Equipment Directive and the Restriction
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of Hazardous Substances Directive in place for PV recollection and decommis-
sioning process, developing countries are weaker in regulation. How to enforce
appropriate regulations of recycling in developing countries to avoid e-waste pol-
lution is of some concern (Shamim et al. 2015).

6 Pro-women Analysis

Women play a significant role in agriculture in developing countries. The migration
of men from rural to urban areas leaves women in charge of the farming operation.
Yet, women-headed households are not only statistically poorer, but they are also
often socially excluded from irrigation-related activities and community meetings
because canal irrigation is considered a man’s job (Nagrath et al. 2016).
Additionally, women are crucial for domestic water supply, food preparation and
family hygiene. Their decision-making power is, however, often constrained by
rigid gendered division of labour and restrictive cultural norms.

In the light of all these cultural barriers, some development practitioners have
been asking if the interventions of PVPs could offer an opportunity to challenge the
gendered inequalities by reducing women’s workload in water collection, and
simultaneously, empowering women in participating in irrigation and other com-
munal matters.

Literature provides strong evidence to support the claim that PVPs could sub-
stantially save women both time and energy in water collection for food production.
For instance, the Oxfam-sponsored project in Zimbabwe suggests that, in order to
irrigate their gardens, women walk 4 km on average on a daily basis to collect
water from nearby dams. Research by SELF (2015) shows that the Solar Electric
Fund helped 45 women form a co-operative in Benin in 2007. The installation of
the PVPs have saved each women up to four hours per day.

In addressing women’s poverty issues, quite a few PVP interventions target
particularly women and set up women groups. As mentioned in the previous sec-
tions, the Solar Market Garden project in Northern Benin succeeds in raising the
overall vegetable production amongst poor households. Evaluating the gendered
impact of the project, Alaofe et al. (2016) discover that the project has made more
positive impact on female participants. For instance, the women group increased
their production of fruit and vegetable crops by 26%, whereas only 13.4% was
achieved in non-women groups. Similarly, women involved with this project were
three times more likely to increase their fruit and vegetable consumption when
compared to non-women groups. The increased consumption of vegetables and
fruit during the dry season amongst women participants is particularly crucial to the
well-being of their families because the improved access to, and consumption of,
nutrition-rich food help reduce under-nutrition of their children. IRENA (2016)
therefore makes an optimistic remark, suggesting that: ‘these experiences illustrate
the disproportionately greater benefits of solar pumping solutions for women’
(p. 15).
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There is also evidence to show that the involvement of women in PVPs has not
only raised women’s incomes, but also increased their control of money. Drawing
on the PVP project by the International Crops Research Institute for the Semi-Arid
Tropics in Burkina Faso, which helped 20 poor pilot farmers, including five
women, Belemvire (2007) found out that the women group earned US$1.16 per
person on a daily basis, when compared to US$0.98 for the non-women groups. He
explained the differences for the rise of vegetable production of the women
group. The additional incomes have also helped women diversify their family diet
by buying rice, sorghum and beans as well as slightly expensive food items, such as
fish and cooking oil.

Being asked about the control of money, 52% of female participants in the Solar
Market Garden project in Northern Benin, mentioned before, have reported that
they had control over their garden incomes (Alaofe et al. 2016: 117). 57% of them
have also suggested that they would spend more incomes on food, 54% on health
care, 43% on gas, water and telephone, and 25% on education. The women in the
project, who are poor and uneducated, have also expressed a sense of empowerment
by being able to write something and make simple calculation after the engagement.
Equally important, the project has also helped women secure civil documentation
for their lands and gain access to numerous financial institutions.

Despite the positive impact, some academics are not certain whether the chan-
ges, brought by PVPs, really help challenge the unequal gendered structures. PVPs
help reduce women’s time and energy in water collection. However, there is a lack
of in-depth research to examine whether it has liberated women from gender
stereotypes, or simply shifted their workload to other domestic chores. While
women’s role in improving the well-being of their families is undeniable, there are
concerns that PVPs could be used as an instrumental tool to reinforce, rather than
challenge, women’s gendered roles and positions. For instance, in their research in
Sub-Saharan Africa, Burney and Naylor (2012) discovered that PVPs might have
helped women increase their farming production, but the female members delib-
erately under-reported their actual production since they feared that the money they
earned would be taken away or upset the family and communal harmony (p. 120).

The question about which groups of women actually benefit from PVPs is
related to the distribution issues of benefits, costs and power. A study by Gugerty
and Kremer (2008) in Kenya suggests that PVP-related projects tend to attract
women who are younger, wealthier and better educated. Once the projects become
well-established and financially sound, they warn that the older and less productive
female members are likely to be expelled. The competition between different
women groups has demonstrated that, without addressing the unequal social hier-
archies and cultural practices, the interventions of PVPs might simply reinforce the
subordinated positions of the weaker and less-educated women.

Similarly, increasing women participation in collective irrigation groups does
not automatically increase their decision-making power. Using irrigation in rural
India as an example, Girard (2014) suggests that institutionalising women in irri-
gation management could increase their visibility in formal meetings. Yet, without
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genuine empowerment, women are less likely to speak out in public arena because
their involvement is simply considered ‘an extension of their domestic duties’
(p. 1).

7 Conclusions and Policy Implications

This paper has conducted a systematic and evidence-based literature review to
examine if, and how, PVPs are effective in tackling three burning, and related,
issues in developing countries, which are: poverty reduction, environmental con-
servation and gender empowerment. This review has shown a very mixed and
complex picture. The PVP literature have reached two general consensus: PVPs
help strengthen poor farmers’ adaptive capacities by raising their agricultural pro-
ductivity, improving their household incomes and building social capital. They also
help mitigate climate change by replacing diesel with solar energy to reduce CO2

emissions. There is also some evidence to support the positive gendered impact of
PVPs on raising women’s control of income and diversifying diets, and that
improves the overall well-being of their families.

Some literature has, however, highlighted the problematic assumptions under-
lying the promotion of PVPs which focus on economic rationality and informed
choice. Multiple and complex factors, affecting energy switch and the preferences
for technology, have not been paid sufficient attention. The assumed even distri-
bution of costs and benefits, particularly between men and women, has also been
questioned.

The environmental debate around PVPs has been focused too much on CO2

emissions. Yet, the rising energy-water efficiency, because of the technical
improvement of PVPs, has resulted in undesirable environmental trade-offs, such as
the depletion of underground water and e-wastes. From the gender perspective, the
success in using PVPs to achieve gender empowerment hinges on how the structural
power inequalities, between men and women, are understood and tackled. This lit-
erature review has demonstrated that many PVP projects may be successful in helping
women groups raise their farming productivity and increase their. Nevertheless, some
PVP interventions may, unwittingly, help reinforce gendered stereotypes. Women do
not feel empowered in the process of participation in the PVP projects.

This book chapter suggests that more in-depth, longitudinal and mixed
quantitative-qualitative research is needed in order to capture the long-term and
complex impact of PVPs. More attention should be paid to the trade-offs between
the impact on poverty reduction, environmental conservation and gender equality.

One of the major limitations of this book chapter is an inadequate analysis of the
impact of governance in enabling, and constraining, PVP improvement. Governance
is rules governing access to, and use of, water, energy and technology (Badenoch
2009). The World Bank (2016) has proposed several institutional changes to address
the PVP-related issues, such as social acceptance, affordability and access. How
effective the institutional strengthening is requires more robust research.
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Livestock Technologies and Grazing
Land Management Options for Climate
Change Adaption and Mitigation
as a Contribution for Food Security
in Ethiopia: A Brief Overview

Shigdaf Mekuriaw, Alemayehu Mengistu and Firew Tegegne

Abstract African countries, like Ethiopia, are particularly vulnerable to climate
change because their economies largely depend on climate-sensitive agricultural
production. Growth and Transformation Plan (GTP) of Ethiopia recognized climate
change as a huge threat and focusing on mitigation issues. The GTP stipulates the
country’s ambition to build a climate resilient green economy by 2030. This paper
looks at the potential of livestock technologies and grazing land management for
mitigation and adaption to a changing climate. Research findings in Ethiopia
showed that livestock technologies and management of grazing lands such as
improving the quality of forage, feeding highly digestible forages, processing and
preservation of feeds, use of controlled grazing instead of continuous grazing and
inclusion of legumes in forage mixes, have a great response to climate change. The
choices for application of the technologies and potential mitigation strategies pri-
marily depend on the adoption and cost associated with it. Grazing land manage-
ment not only mitigates climate change but also reduces soil erosion, increases
carbon sequestration and contributes to the resilience of crop-livestock farming
systems in Ethiopia. In conclusion, management of grazing lands and implemen-
tation of livestock technologies have good implications in mitigating climate
change on top of income generation and thereby improving the livelihood of
farmers in Ethiopia.
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1 Introduction

Climate change is widely considered to be one of the greatest challenges to modern
human civilization that has profound socio-economic and environmental impacts
(Ahmed et al. 2013; Khatri-Chhetria et al. 2017). Climate change is the common
phenomenon worldwide. Ethiopia is among the most vulnerable countries in Africa
as its economy heavily depends on subsistence rain-fed agriculture within a fragile
highland ecosystem, which has been threatened by population pressure and land
degradation (Somorin 2010). Historically it has been portrayed as a food deficit
country with its people and animals suffering from recurrent droughts and floods.
The famine that followed the 1984 droughts, which caused the death of up to a
million persons and the 2006 catastrophic flood in Dire Dawa are crucial examples
(Takele and Gebretsidik 2015). Climate change would affect particularly the
economies of the rural areas where people are more dependent on livestock, fish-
eries and agriculture related activities for their livelihoods (Urquhart 2009).

Livestock in Ethiopia are extremely important as they serve a wide variety of
functions in society from social to subsistence purposes (Kassahun et al. 2008). The
economic importance of livestock provided more than 45% of agricultural Gross
Domestic Product (GDP) in 2008–09 (Behnke 2010). With 60–70% of the popu-
lation’s livelihoods dependent on livestock in one way or another, livestock provide
both food and income (Kimball 2011, unpublished). For many small-holder
farmers livestock provide draught animal power, transportation and manure for
fertilizing croplands. Livestock are also socially and culturally important in Africa
for payment of dowry, celebrations and gifts to family members and also as a
source of savings that is often safer, despite diseases and drought, than banking
systems and easier to manage for farmers living in remote areas (Abela 2005).
Throughout their long history, Ethiopians have constantly relied on livestock in
order to survive. As the oldest form of assets in Ethiopia, cattle and other types of
livestock have traditionally and still today serve as a significant indicator of wealth.
Ethiopia is generally recognized to have the largest population of livestock of any
other African nation (Halderman 2004). Ethiopia’s dependency on livestock has in
turn created a need to expand livestock production, to help feed and support the
population that is growing at tremendous rate of 2.56% as of 2010 (CRGE 2011).

The livestock production system contributes to global climate change directly
through the production of methane (CH4) from enteric fermentation and both CH4

and nitrous oxide from manure management (CRGE 2011). Among Ethiopian
livestock species, the major contributors to Green House Gas (GHG) emission are
cattle. Given the extensive livestock production practices, the cattle population is
likely to increase from around 53 million (CSA 2013) to more than 90 million in
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2030 (CRGE 2011), thereby almost reaching the cattle carrying capacity of the
country and doubling emissions from the livestock sector.

Consequently, it is essential to develop a portfolio of strategies that includes
adaptation, mitigation, technological development and research to combat climate
change. It is imperative for countries to take a proactive role in planning national
and regional programs on adaptation to climate variability (Ahmed et al. 2013).
Therefore, this paper was initiated to identify the potential livestock technologies
and grazing land management options for climate change mitigation and adaptation
towards sustainable livestock agriculture.

2 Effects of Climate Change on Livestock Agriculture

It is predicted that climate change will double (by 25–50%) the frequency of
droughts in the dry lands of Sub-Saharan Africa by the end of the century and
drought periods are likely to last for longer (Umesh et al. 2015). Climate change is,
therefore, a threat to the Ethiopian agrarian economy and livelihoods of millions of
the poor. The key climate hazards are flooding, drought and rainfall variability
(Nachmany et al. 2015). The effect of climate change hits the poorest people first as
they are more dependent on climate-sensitive livelihoods such as livestock farming.
Ethiopia is one of the first victims of climate change as evidenced by the catas-
trophic drought of 1984–1985 (Philander 2008). The occurrence of droughts and
prolonged dry seasons are directly and indirectly affecting the livestock sector.
Unplanned deforestation and drought bring unavailability of feeds and sustainable
water resources for livestock use. If an animal experiences heat strain, it decreases
feed intake and that causes the reduction of gross production (Rowlinson 2008).
The present and future impacts of different climate events on livestock require the
quick response during the flood and drought for the sustainable rehabilitation.
Africa’s livestock sector has been affected by climate changes through more fre-
quent catastrophic events, reduced water availability, changes in the pattern and
quantity of rainfall, an increase in temperature, changes in seasonality, a decrease in
feed and fodder production, changing patterns and distribution of disease and
altered markets and commodity prices (Tubiello 2012).

Various studies indicated that the trends in inter-annual and inter-seasonal
rainfall variability like declining in amount, increasing in intensity, varying in the
length of growing seasons with increasing temperature have negative implication
on crop and livestock productivity (Kassie et al. 2013; Getachew 2015). It is
obvious that the availability of pasture and water for livestock is determined by
climate conditions and land use change. Increasing in temperature has a negative
impact on livestock productivity as warming is expected to alter the feed intake,
mortality, growth, reproduction, maintenance, and production of animals (Thornton
et al. 2009). The direct effects include temperature and other climate factors such as
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shifts in rainfall amounts and patterns on animal growth, reproduction and milk
production (Thornton and Herrero 2010). While the indirect effects of climate
change include influence on availability of water, the quantity and quality of animal
feed such as pasture, forage, crop yield and the severity and distribution of livestock
diseases and parasites (Seré et al. 2008). In Ethiopia, the deterioration of rangelands
and increases in woody browses can be expected to result in an increasing number
of pastoralists maintaining mixed herds of browsing animals like camels and goats
with smaller numbers of cattle and sheep (Kefyalew and Tegegne 2012).

It is expected that as temperature changes, optimal growth ranges for different
forage species also change; species alter their competition dynamics, forage quality
(like nutrient content) and quantity, and the species composition of mixed grass-
lands changes (Thornton et al. 2009). Hopkins and Del Prado (2007) noted that
climate change can be expected to have several impacts on feed crops and grazing
systems including changes in herbage growth brought about by changes in atmo-
spheric CO2 concentrations and temperatures; changes in the composition of pas-
tures, such as changes in the ratio of grasses to legumes and changes in herbage
quality. Under climate change (increase in temperature) the structural constituents
of plant materials such as lignin, cellulose and hemicelluloses is reported to increase
(Ford et al. 1979). Crop losses due to extremes in climate (temperature and rainfall)
could result in less animal feed (crop residue) being available, especially in
crop-livestock systems that predominates in the Ethiopian livestock production.

3 Climate Change Mitigation and Adaptation Strategies
in Ethiopia

Ethiopia has identified different adaptation options in Climate Resilient Green
Economy Strategy to reduce vulnerability of the people and economy to climate
change impacts (EPA 2011). The strategy outlines four pillars focusing on
Agriculture with emphasis on improving crop and livestock production practices for
higher food security and farmer income while reducing emissions (ECRG
2011; Nachmany et al. 2015). The Government of Ethiopia also identified 37
potential adaptation options to address highly vulnerable sectors mainly agriculture,
water and health (FDRE 2006). Mitigation potentials in Ethiopian pastoral systems
using improved crop and grazing land management will increase soil carbon
storage, and improved livestock management has great contribution to reduce
methane emissions (Steinfeld and Gerber 2010; Abebe 2017). Moreover, improving
the nutritive value of low-quality feeds in ruminant diets which are much available
in Ethiopia, could increase animal and herd productivity, and consequently reduce
methane emission (Hristov et al. 2013).
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4 Livestock Technologies for Climate Change Adaption
and Mitigation

The Government of Ethiopia, climate change national adaptation programme of
action (NAPA 2007) report identified a range of adaption interventions that could
potentially assist pastoralists to adapt to climate change. These include: additional
care to avoid over-grazing and better manage stocking rates with pasture produc-
tion; grazing with mixed herds of grazers and browsers; increased use of forage
crops; water resource development; and the increased use of livestock feed sup-
plementation. Khatri-Chhetria et al. (2017) also reported that technologies or
interventions for reducing the emission of methane from grazing livestock include
reducing livestock numbers by improving productivity, increasing the efficiency of
animal production, genetic improvement, manipulation of the rumen microbial
ecosystem, feed additives and improvement of farm management.

Livestock keepers have traditionally adapted to various environmental and cli-
matic changes by building on their in-depth indigenous knowledge of the envi-
ronment in which they live. However, the increasing human population,
urbanization and land degradation have rendered some of those coping mechanisms
ineffective (Sidahmed et al. 2008). Moreover, changes brought about by global
warming are likely to happen at such a speed that they will exceed the capacity of
spontaneous adaptation of both human communities and livestock species. These
well-organized and knowledge-based national strategies are required to combat the
effect of climate change on livestock production.

Several studies reported on how to adapt the livestock technologies to reduce the
climate change impacts and action measures with the issue of sustainability of the
developing countries (Demir and Bozukluhan 2012; Wang et al. 2012). Livestock
keepers have traditionally been capable of adapting to threats to their livelihood.
Indeed, one of the most widespread livestock systems in Ethiopia, pastoralism, has
often been defined by its capacity to adapt to climatic uncertainty and other hazards.
However, it is important to recognize that the outcomes of climate change are
uncertain and that the way livestock keepers adapt will vary from location to
location and household to household. The production and productivity among small
holders is much lower than the potential that they can be increased through uti-
lization of improved technology and practices such as; improved feeds and feeding,
breed and breeding, health services, market efficiency.

4.1 Feed Technologies

Various feeding and grazing land management strategies such as rotational grazing,
reseeding pasturelands, crop residues treatment with urea, forage development; effi-
cient feed production techniques such as silage and urea molasses block preparation
lead to a reduction of emissions for climate change adaptation (Bryan et al. 2011).
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It can be seen that a significant factor affecting methane emissions is the animal’s diet
and this is subject to modification through feeding strategies particularly where the
animal is fed a diet with a significant forage component (grazed or ensiled). Such
approaches build on the considerable success that has been achieved in improving
quality traits for animal production e.g. rye grasses with higher water soluble car-
bohydrate (WSC) content and increased digestibility (Abberton et al. 2007).
Generally, diets of higher digestibility have these characteristics. Improving the
nutritive value of the feed given to grazing animals by balancing the diet with con-
centrates, or by breeding improved pasture plants, should result in reduced methane
emission (Ulyatt and Lassey 2005).

4.1.1 Improved Feed and Feeding Management

Literature results indicate that increasing feed utilization efficiency and improving
the digestibility of feed are some of the options to reduce GHG emissions and
maximize production and gross efficiency (Ominski et al. 2006). Enteric CH4

emissions are highest when the animal is presented with poor-quality forage and has
limited ability to select higher quality forage components as a result of reduced dry
matter availability. On the contrary, methane production in ruminants tends to
decrease with the quality of the forage fed. Boadi et al. (2004) demonstrated that
forage quality has a significant impact on enteric methane emissions. Study con-
ducted on steers indicated that CH4 emissions of grazing steers that had access to
high quality pastures declined by 50% compared to emissions from matured pas-
tures (Oudshoorn 2009).

Feed resources in the mixed crop-livestock system in Ethiopia are mainly natural
pasture grazing, crop residues and aftermath grazing, which all are characterized by
poor quality (Tesfaye and Chairatanayuth 2007). So, improving the quality of these
feeds is an important strategy to reduce methane emission from livestock. Changes
in feeding system (e.g. roughage: concentrate ratio may reduce methane emission.
Compared to forages, concentrates are usually lower in cell wall components,
ferment faster than forage, giving rise to elevated levels of propionic acid. Sejian
et al. (2015) suggested that CH4 production can be lowered by almost 40% when a
forage rich diet is replaced by a concentrate rich diet. Supplementation with con-
centrate feed especially for dairy cattle in potential dairy area is the best feeding
strategy to reduce GHG emission from cattle (Bannink 2007). Feeding more con-
centrates to ruminants improves productivity and reduces enteric methane (even
though volatile GHG in manure is increased) (Mekuriaw et al. 2014).

4.1.2 Ammonization of Roughage (Urea Treatment of Fibrous Feeds)

There is a huge amount of crop residue and native pasture with poor quality for
animal feed in Ethiopia. Lack of degradable nitrogen in many fibrous residues can
be corrected by supplementation with urea (ammonization). Straw ammonization
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technology reduces 25–75% of methane emissions per unit of animal produce-meat,
milk and work; increases digestibility (by 8 to 12 points); increases nitrogen content
(more than doubled); increases the intake (by 25–50%) and thus to the nutritive
value (Klopfenstein et al. 1972; Pires et al. 2010; Liu et al. 2017). In addition, use
of urea-molasses multi-nutrient block as supplement to fibrous feed enhance effi-
cient rumen fermentation; improve the daily feed intake; improve body weight gain
and body condition.

4.2 Genetic Improvement of Animals to Reduce Methane
Emission

Ethiopia has the largest livestock population in Africa with different animal species
(cattle, sheep, goat and camel). The cattle population in Ethiopia has historically
grown in line with the expansion of the human population. The cattle population in
mixed crop-livestock system is projected to double in 2030. Consequently, GHG
emission from cattle is expected to increase. Production and productivity of
Ethiopian livestock is poor compared to other countries. For example milk pro-
duction potential of indigenous cattle breed is low (around 529–713 L per
lactation) (EPCC 2015). However, a good first generation Holstein Friesian
crossbred cow with moderate level of management can produce from 1726 to
2428 L of milk (EPCC 2015). This shows that if due emphasis is given to the
effective functioning of key technological input and output markets, the cattle
industry has huge potential to develop and contribute to mitigation of GHG
emission. Artificial insemination (AI) and estrous synchronization are efficient
technologies to deliver improved genotypes to a large number of dairy farmers in a
short period of time. These techniques lead to replacing unproductive indigenous
cow population with less number but more productive crossbred cows. This gives
chance to farmers shifting to better management of fewer productive animals to
mitigate climate change. Genetic improvement coupled with diet intensification
could lead to substantial efficiency gains in livestock production and CH4 output.
This would result in fewer but more productive animals being kept, which could
have positive consequences for CH4 production.

In Ethiopian context, for methane emission mitigation option from cattle, 13% of
indigenous cattle population in mixed crop livestock system will be replaced by
crossbred dairy cattle which will also enhance milk yield production by 400%. This
projection indicated that replacement of 13% of indigenous cattle population in
dairy potential area by more productive cross-breeds will result in abatement
potential equal to roughly 6 Mt CO2e per year by 2030, assuming the indigenous
and cross-breeds will emit around 1.08 and 1.5 tons CO2e per year/head respec-
tively. Increasing off-take rate is another strategy in decreasing GHG emission per
animal; increasing socio-economic growth of the country in general and small
holder farmers in particular.
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4.3 Diversification Towards Lower Emitting Animal Species

Animal mix diversification has the potential to decrease the vulnerability of the herd
to climate change, depending on the livestock species chosen. There are differences
among livestock species in their ability to produce under given climate change.
However, the economics of herd diversification, for example from cattle to small
ruminant or poultry depends on the relative costs of different species and relative
revenues, both under current and future climate condition. Beef is the primary meat
consumed in Ethiopia, and the demand for beef is a major driver of the size of the
cattle population in addition to the requirement for draught power. For this reason in
Ethiopia, poultry specifically chicken meat offers a particularly attractive
lower-carbon alternative to beef. Partial replacements of cattle with lower emitting
species (poultry, sheep and goat, fish) would be an alternative option for mitigation
of GHG emission from livestock. These low-emitting animals are high feed con-
verters and low GHG emitters as compared to large ruminants such as cattle
(Pachauri et al. 2014). Chickens are the most efficient in Ethiopia in terms of pro-
ducing the most meat and protein per amount of GHG emitted (Lipson et al. 2011).

5 Sustainable Grazing Land Management Options
and Carbon Sequestration

Sustainable grazing land management requires an understanding of how to use
grazing to stimulate grasses to grow vigorously and develop healthy root systems,
usage of the grazing process to feed livestock and soil biota, ideallymaintaining 100%
cover (plants and litter), and 100% of the time and provision of adequate rest from
grazing without over resting areas of land. Improved grazing conditions will increase
livestock productivity in rangelands, in turn increasing food security. Sustainable
grazing management (often termed “holistic”) is already being used in Namibia,
South Africa, the Northern Rangelands of Kenya and Ethiopia (Reed et al. 2015).

5.1 Proper Grazing Pasture Management

Proper pasture management through rotational grazing would be the most
cost-effective way to mitigate GHG emissions from feed crop production. Grazing
management techniques intended to increase forage production through increased
perennial species have the potential to increase above and below ground soil carbon
stocks, and to restore degraded dry lands (IPCC 2007). The recommended man-
agement measures and strategies for free grazing are changing grazing intensity
(number of cattle per area) and grazing period (starting time and length) depending
on seasonal climatic conditions. Managing grazing intensity (stocking rate,
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rotations and their timing), including deep-rooted fodder species and legumes in
fodder crops and pastures reduce synthetic nitrogen fertilizer, optimizing nutrient
allocation in spatial herd management and grazing patterns. Further improvements
of the grazing pasture are possible with the introduction of indigenous and exotic
grasses, legumes, and drought resistant trees that can increase the supply of forage
material available to livestock. It will also become increasingly important to con-
serve hay and promote improved management that can enable livestock to be
moved between pastures to avoid over-grazing.

5.2 Forage and Grassland Carbon Sequestration
Technology

Carbon sequestration in rangelands may provide an option to capitalize on the
existing environmental management practices of livestock keepers and capture
additional incentives for more effective management. Carbon stocks have been
found to reduce when dry lands are converted from pasture to either plantation or
arable land, whilst in some cases increases in carbon stocks are seen when native
forests or croplands are converted to pasture. Carbon capture is increased with
improved grazing management of rangelands and that also contribute significantly
to improving the local and household economy. Batjes (2004) estimated that
improved management of 10% of the African grazing lands could increase soil
carbon stocks by 13–28 Mt-C year−1. The primary reason given for increased
carbon emissions and loss of soil carbon sequestered on degraded rangelands is
overgrazing and so eliminating or moderating grazing intensities is proposed to
increase carbon sequestered on these rangelands (Conant and Paustian 2002).
Improved grazing management (management that increases production), leads to an
increase of soil carbon stocks by an average of 0.35 t C ha-1 year−1 (Conant et al.
2015). In addition, introducing grass species and legumes into grazing lands can
enhance carbon storage in soils (Calvosa et al. 2009).

6 The Way Forward for Policy Makers

As a country in the developing world with a substantial population growth rate,
Ethiopia is struggling to feed itself. Understandably, agricultural expansion in
Ethiopia is the government’s top priority, according to the Federal Policy and
Investment Framework from 2010–2020 documents. Paramount to Ethiopia’s
agricultural expansion is the livestock sector, which is estimated to account for 45%
of agricultural GDP or more. Agriculture in Ethiopia is extremely vulnerable to
climate change. A range of climate change scenarios and models suggest that many
parts of Ethiopia are likely to experience such climate variability in the future. The
farmers and local communities are the direct beneficiaries, and ultimately the
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enforcers, of the environmental policies seeking to mitigate the environmental
impacts of livestock management in Ethiopia. Options and strategies that are cost
effective and have no/minimum negative effects on livestock production hold a
greater promise. This requires the government and policy makers direct manifes-
tation and course of action. Consequently, community-based adaptation of livestock
and participatory approach can be the greatest options for the policymakers to save
the livestock sector. Moreover, carbon sequestration efforts help to reduce the
impact of greenhouse gas emissions generated from livestock production. In order
to effectively enact and monitor any potential livestock policy, there must be a
prerequisite of full participation of relevant stakeholders to promote sustainable
grazing land and livestock management practices. Successful livestock policy will
require that all be involved with the policy making process and support the pro-
posed measures to improve livestock productivity in order to reduce the negative
externalities associated with livestock production suited for environment. Ethiopia
will also need to develop a climate mitigation and verification capacity in order to
benefit from the potential of livestock production for food security.

7 Conclusion and Recommendation

In terms of their contribution to GDP and household assets, livestock are crucial in
Ethiopia’s economy and social well-being. The damage of climate change is sup-
posed to be more sever in the future. There are no alternatives except accessing high
technology and advance knowledge for the sustainable development of the live-
stock sector. Climate smart grassland management systems sustainably increase
productivity and resilience (adaptation), reduce greenhouse gas emissions (miti-
gation), and enhance food security. Reducing productivity gaps and increasing
livestock production efficiency would contribute to mitigate climate change. Many
different management practices can improve livestock production efficiency and
reduce greenhouse gas emissions. Some of the most effective technologies include:
improving grazing land management, supplementing cattle diets with needed
nutrients, developing a preventive herd health program and improving genetics and
reproductive efficiency. Moreover there are techniques that improve intake and
digestibility of low quality feed resources which include urea treatment (ammo-
nization), supplementing with urea-molasses-mineral blocks, and supplementing
with high quality legume fodder or concentrate rations. Changes in livestock pro-
duction practices such as intensification and/or integration of pasture management,
introducing mixed livestock farming systems like feedlot fattening, and improved
pasture grazing are some of production adjustment strategies recommended for
climate change adaptation in mixed crop-livestock system. There are also tech-
nologies that have proven contributions in terms of both economic development
and GHG reduction as learned from experiences of several developing countries.
These technologies are compatible with the existing national development policies
and strategies of Ethiopia. Therefore, the academia and policy makers need to
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understand applicable options as a measure for sustainable livestock management
against climate change. Moreover, integration of mitigation and adaptation
frameworks into sustainable free grazing management and development planning
are an urgent need, especially in the developing countries like Ethiopia.
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Impacts of Climate Change on Food
Security in Ethiopia: Adaptation
and Mitigation Options: A Review

Tadesse Alemu and Alemayehu Mengistu

Abstract Climate change is happening and already affecting food security in
Africa. Ethiopia is vulnerable to climate change because our economies largely
depend on climate-sensitive agricultural production. Environmental changes, such
as changes in rainfall variability, drought, warmer or cooler temperature (lead to
change in growing seasons) and land cover change have increased concerns about
achieving food security. Growth and Transformation Plan (GTP) recognized
Climate change as a threat and opportunity for Ethiopia. Both climate change
adaptation and mitigation issues considered; GTP stipulates the country’s ambition
to build a climate resilient green economy by 2030. Climate change impacts on
agriculture and livestock is depending on changes in temperature, precipitation and
climate variability (such as erratic rainfall, floods and droughts). The complex
interaction of these variables makes it difficult to predict how climate change will
impact at the regional level. Despite the relatively high knowledge of the subject
among policy-makers and the prominent role being played by Ethiopia in
International Climate Change Negotiations many factors, such as El Nlno, are
contributing to the deterioration of the local climate and making the population ever
more vulnerable to global and regional climate change. The Policies and imple-
mentation Strategies should emphasized on an integrated, evidence-based and cli-
mate smart approach to addressing food security at all levels, from the National to
local levels, from research to policies and investments, and across private, public
and civil society sectors to achieve the scale and rate of change required.
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1 Introduction

Growing consensus in the scientific community indicates that higher temperature
and changing precipitation levels resulting from climate change will reduce crop
yields in developing countries. Evidence from the Intergovernmental Panel on
Climate Change (IPCC 2007) is now overwhelmingly convincing that Green House
Gases (GHGs) induced climate change is a real and that the poorest and most
vulnerable people will be the worst affected. IPCC (2014a) also predicts that by
2100 the increase in global average surface temperature may be between 1.8 and
4.0 °C. With increases of 1.5–2.5 °C, approximately 20–30% of plant and animal
species are expected to be at risk of extinction (FAO 2007; IPCC 2014a, b) with
severe consequences for food security in developing countries (IPCC 2007;
Mekuriaw et al. 2014).

The links between climate change and food security have, to date, largely been
explored in relation to impacts on crop productivity and hence, food production.
For instance, Gregory et al. (2002) summarized experimental findings on wheat and
rice that indicated decreased crop duration (and hence yield) of wheat as a con-
sequence of warming and reductions in yields of rice of about 5% per °C rise above
32 °C (Gregory et al. 2008). Cline (2007) also estimates that global agricultural
productivity will be reduced by 15.9% and developing country experiencing a
disproportionally larger decline of 19.7%. Similarly, simulation of maize produc-
tion in Africa and Latin America for 2055 predicted an overall reduction of 10%
(Jones and Thornton 2003).

Warming of the climate system is unequivocal, as is now evident from obser-
vations of increases in global average air and ocean temperatures, widespread
melting of snow and ice and rising global average sea level (IPCC 2007). The
average temperature rose by about 0.3 °C during the first half of the 20th century,
and by another 0.5 °C in the second half up to the beginning of the 21st century
(IPCC 2007) very likely due to the observed increase in anthropogenic GHG
concentrations. According to IPCC (2014a) report, there has been an increase in
seasonal mean temperature in many areas of Ethiopia. The average annual tem-
perature in Ethiopia increased by 1.1–3.1 °C by 2006, with an increase in the
average number of ‘hot’ days and ‘hot’ nights per year (McSweeney et al. 2010).
This has a severe impact on food production and animal health.

Climate change will act as a multiplier of existing threats to food security; it will
make natural disasters more frequent and intense, land and water more scarce and
difficult to access, and increases in productivity even harder to achieve. The
implications for people who are poor and already food insecure and malnourished
are immense (Gregory et al. 2008; UNFCCC 2009). Despite the uncertainty of
climate impacts, it is clear that the magnitude and rate of projected changes will
require adaptation. Actions towards adaptation fall into two broad overlapping
areas: (1) better management of agricultural risk associated with increasing climate
variability and extreme events, for example using climate smart agriculture,
improve climate information services and safety nets, and (2) accelerated adaptation
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to progressive climate change over decadal time scales, for example integrated
packages of technology, agronomy and policy options for smallholder farmer and
food systems (Leslie et al. 2015). Maximization of agriculture’s mitigation poten-
tial will require, among others, investments in technological innovation and agri-
cultural intensification linked to increased efficiency of inputs, and creation of
incentives and monitoring systems that are inclusive of smallholder farmers. More
than 45 published articles, policy documents and international climate change
reports were used and analyzed systematically. Therefore the objective of this paper
was to assess the impacts of Climate change on food security and adaptation and
mitigation options in Ethiopia.

2 Impacts of Climate Change in East Africa

The mean global combined land and ocean surface temperature appears to have
risen 0.65 to 1.06 °C over the period of 1880–2014 (IPCC 2014a). As a result snow
cover in the northern hemisphere decreases and the sea level rises. Africa is the
continent that will be hited hardest by climate change. Unpredictable rains and
floods, prolonged droughts, subsequent crop failures and rapid desertification,
among other signs of global warming, have in fact already begun to change the face
of Africa (Gregory et al. 2008; Thornton et al. 2008). Many climate scientists agree
that climate change is very real, it is happening and it is happening now. We can no
longer consider it a threat that is yet to hit us (Amsalu and Gebremichael 2009).

The impacts of climate change across Africa will vary: At mid- to high latitudes,
crop productivity may increase slightly for local mean temperature increases of up
to 1 to 3 °C, while at lower latitudes crop productivity is projected to decrease for
even relatively small local temperature increases (1–2 °C) (IPCC 2007). In the
tropics and subtropics in general, crop yields may fall by 10–20% by 2050 because
of warming and drying, but there are places where yield losses may be much more
severe (Thornton et al. 2008). The predictions showed that temperatures are
expected to increase across the continent (IPCC 2014a). Seasonal average tem-
peratures have risen in many part of eastern Africa, which will lead to increased
plant stress and increased risks of drought.

In East Africa large water bodies and varied topography gives rise to a range of
climatic conditions, from humid tropical climate along the coastal areas to arid
low-laying inland elevated plateau regions across Ethiopia, Kenya, Somalia and
Tanzania. The presence of Indian Ocean to the east, Regional lakes as well as high
mountains induce localized climatic pattern in this region. In most of these coun-
tries, there are places where rainfall means are likely to decrease in the coming
decades (Mario et al. 2010). Therefore rainfall in east Africa is very variable in time
and space. Several physical processes, including El Niño Southern Oscillation,
affect rainfall (IPCC 2014b). According to IPCC (2014b) warming of Indian Ocean
is the cause of less rainfall and/or drought over eastern Africa in the last 30 years.
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Nearly two thirds of Sub-Saharan Africans depend on livestock for some part of
their livelihood. Climate change will affect the productivity of agricultural products
as a result, major changes can be anticipated in livestock systems, related to live-
stock species mixes, crops grown, feed resources and feeding strategies (Anderson
et al. 2010). The challenges for development are already considerable for Africans,
and climate change will multiply the stresses. There are 300 million poor people in
sub-Saharan Africa. Projections indicate an increase of arid and semiarid lands, and,
in some countries, yield reductions in rain-fed agriculture of up to 50% by 2020
(Anderson et al. 2010). Therefore failure to manage agricultural climate change
adaptation will cause a sharp decline in food production, famine and unprecedented
setbacks in the fight against poverty in East Africa. Adapting agriculture to climate
change is the key to food security in the 21st century in Africa (Anderson et al.
2010).

3 Climate Change in the Context of Ethiopia

Ethiopia is highly affected by climate change due to three main reasons; (i) about
80% of the population is largely depend on rain fed agriculture (ii) low income
country (iii) varied geographical locations with different magnitude of climate
impacts. Climate change induced El-Nino increase the average temperature and
affect rainfall pattern in time and space leading to a recurrent drought which results
in food insecurity particularly in dry and semi dry areas of the country. The country
has experienced 16 major national droughts since the 1980s, along with dozens of
local droughts. Recently in 2015/15 10 million peoples, in 2017 5 million peoples
are food insecure, as a result of drought caused by climate change induced EL Nino.

In Ethiopia climate change is already taking place now, thus past and present
changes helps to indicate possible future changes. Over the last decades, the tem-
perature in Ethiopia increased at about 0.2–0.37 °C per decade (Kassahun 2008).
The increase in minimum temperatures is more pronounced with roughly 0.4 °C per
decade (Mengistu 2008; Kassahun 2008). The temperature will very likely continue
to increase for the next few decades with the rate of change as observed (Kassahun
2008; Mengistu 2008; Mengistu and Mekuriaw 2014; IPCC 2014a).

The average annual volume of rainfall over the past 50 years (from 1951–2000)
remained more or less constant for the whole country (NMSA 2001). Many authors
agreed that mean annual rainfall showed a slight decreasing trend and higher year to
year variation was observed in 1950–2010. However, rainfall distribution across the
country shows a marked difference. There is a tendency for less rain to fall in the
northern part of the country where there is already massive environmental degra-
dation. The same trend can be observed in the south east and north east of the
country which is both often affected by drought. However, in central Ethiopia
where most of the population and the country’s livestock are located, and where the
soil is severely depleted and degraded, more rain is falling. The western and
north-west parts of the country have also received more rain (Mengistu 2008;
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McSweeney et al. 2010). Farmers and pastoralists are experiencing that the rain is
becoming more unpredictable or is failing to appear at all. In some places the rain
falls more heavily and the degraded soil is unable to absorb this ran which falls over
a shorter period. According to Kassahun (2008), the farmers in the central part of
the country have lost up to 150 tons of soil per hectare.

The rise in temperature and fluctuations in rainfall crate many problems for the
pastoralists who live in the already drought stricken areas which are receiving less
and less rain. They have already switched from cattle to goats and camels, as they
are more able to endure the long periods of drought. In the central part of the
country more rain will mean further erosion of the soil and lower crop yields for
small holder farmers and lead to flooding in the more low lying areas. Climate
change is affecting how long the farmers have to grow their crops. In addition,
warmer weather provides better growing conditions for pests and other diseases that
attack crops and destroy the farmers’ harvests (Mengistu 2008; Kassahun 2008;
Deressa et al. 2008). Therefore, it is possible to conclude that not only the rainfall
distribution that has changed but it has also become warmer in the last 60 years.
Hence, there is already a great demand for improved seed which is more drought
and pest resistant, and for seeds which mature faster as the rains have become more
unpredictable and shorter in some places.

Today the forest covers is very low (less than 10%), so the soil has become more
vulnerable to erosion. People cut down the forest to create more farmland and to
harvest firewood for cooking. Population growth will put pressure on the already
degraded soil, and marginal plots will be brought into use which worsens the
situation (Mengistu 2008; Deressa et al. 2008; Mengistu and Mekuriaw 2014)
(Table 1).

4 Implications of Climate Change in Food Security

A large body of literature demonstrates negative impacts of climate change on the
agricultural sector in East Africa. Climate change affects agriculture and food
production in complex ways. It affects food production directly through changes in
agro-ecological conditions (e.g. changes in rainfall leading to drought or flooding,
or warmer or cooler temperatures leading to changes in the length of growing
season), and indirectly by affecting growth and distribution of incomes, and thus
demand for agricultural products (Gregory et al. 2008).

Climate change is likely intensified high temperature and low precipitation in
semi dry and dry areas, it is the most dramatic effects that will be felt by small
holder and subsistence farmers (Mendelson and Dinar 2009). According to IPCC
5th report Climate change impacts in East Africa will increase risk of food inse-
curity and the breakdown of food systems, increase risks of loss of rural livelihoods
and income due to insufficient access to drinking and irrigation water and reduced
agricultural productivity, particularly for farmers and pastoralists with minimal
capital in semi-arid regions. Risks due to extreme weather events leading to
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breakdown of infrastructure networks and critical services such as electricity, water
supply, and health and emergency services are also linked to these areas of concern
(IPCC 2013).

The overall effect of climate change on yields of major cereal crops in the
African region is very likely to be negative, with strong regional variation (Niang
et al. 2014). At even relatively low levels of warming of 1–2 °C, many unique
natural systems are threatened and food productivity, human health and water
resources could be negatively impacted in some regions. ‘‘Worst-case’’ projections
(5th percentile) indicate losses of 27–32% for maize, sorghum, millet and
groundnut for a warming of about 2 °C above pre-industrial levels by mid-century
(Schlenker and Lobell 2010). The IPCC concludes that large-scale warming, of
around 4 °C or above, will increase the likelihood of severe, pervasive and irre-
versible impacts to which it will be difficult to adapt.

Achieving food security and reducing poverty in the Ethiopia has been a major
challenge for both governments and development agencies due to the result of
many factors, some of which are: (1) land degradation or poor in nutrients; (2) the
rapid population growth (3) the low and inappropriate use of technologies such as
improved varieties, fertilizers, mechanization and irrigation that have stimulated
agricultural development elsewhere in the world (Mekuriaw et al. 2008; Kassahun
2008). The agricultural sector employs between 85% of the active population and
contributes close to 40 $ of the Gross Domestic Product (GDP), generates about

Table 1 Sectoral impacts of climate change in Ethiopia

Sector Potential impacts

Agriculture Shortening of maturity period, crop failure and expanding crop diseases

Livestock • Change in livestock feed availability and quality
• Effect on animal health, growth and reproduction
• Impact on forage crops quality and quantity
• Change in distribution of diseases, decomposition rate, income and price
• Contracting pastoral zones in many parts of the country

Forests • Expansion of tropical dry forests, desertification
• loss of indigenous species/expansion of toxic weeds

Water
resources

• Decrease in river run-off and energy production
• Flood and drought impacts

Health • Expansion of malaria to highland areas
• Threat from expanding endemic diseases and newly emerging varieties of
human, plant and livestock diseases

Wildlife • Shift in physiological response of individual organisms
• Shift in species distribution and Shift in biomass over decades/centuries
• Shift in genetic make-up of populations
• Loss of key wetland stopover and breeding sites for threatening birds species
• Out migration, of endemic and threatened species

Environment Reduced productive capacity from degradation of forests, range and water
recourses

Adapted from Mengistu and Mekuriaw (2014)
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88% of the export earnings; and supplies around 73% of the raw material
requirement of agro-based domestic industries (Gebreegziabher et al. 2011).
Agriculture is a major source of food and plays a key role in generating surplus
capital to speed up the country’s socio-economic development and hence the prime
contributing sector to food security. Yet, agriculture in degraded and semi-arid
regions is a highly risky enterprise due to unreliable and variable rainfall.
According to Zenebe et al. (2011) as the effects of climate change on agriculture
become negative, incomes drop off considerably. At the end of 2050, because of
climate change, average incomes will be reduced. In the no-total factor productivity
-growth scenario model showed that, climate change a leads to a loss of some 30%
of income, compared with the no-climate-change baseline (Gebreegziabher et al.
2011).

According to World Bank (2006), droughts and floods are very common phe-
nomena in Ethiopia with significant events occurring every three to five years.
Climate change is expected to exacerbate the problem of rainfall variability and
associated drought and flood disasters in Ethiopia (Mesfin 1984; NMA 2006; World
Bank 2006; Amsalu and Adem 2009; UN-ISDR 2010).

5 National Response Towards Climate Change:
Adaptation and Mitigation Policies and Strategies

Ethiopian’s anthropogenic GHG emissions contribution is marginal (only 0.3% of
global total) (USAID 2015). Ethiopian’s GHG profile showed that the agriculture
sector contribute the highest (61%) followed by land use change (18%), energy
(17%); (waste 3%) and only 1% from industrial processes and product use (USAID
2015) (Fig. 1). In its climate resilient green economy (CRGE), Ethiopia plans to cut
its 2030 GHG emissions at 145 MtCO2e by 64% (225 MtCO2e) reduction from
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Fig. 1 Greenhouse gas emissions in Ethiopia; by sector. Adapted from (USAID 2015)
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projected business as usual emission level by 2030. The reduction includes 130
MtCO2e from forestry, 90 MtCO2e from agriculture, 20, 10 and 5 MtCO2e from
industry, transport and buildings, respectively(USAID 2015). Ethiopia has a
potential to mitigate an estimated 2.76 billion tons of carbon through protection and
sustainable management of forest resources (Moges et al. 2010).

To facilitate the country’s response to climate change a comprehensive adap-
tation and mitigation mechanisms have been developed such as: CRGE strategy,
GTP II, Sectoral GHGs Reduction Mechanism (SRM), National Disaster Risk
Management and Strategy, National Adaptation Programme of Action (NAPA, now
NAP), Sectoral/regional adaptation plans etc. Since 1992 many MEAs are signed
and/or ratified. Ethiopia leads least developing countries group in the international
climate negotiation agenda.

5.1 Current Policies on Environment and Climate Change

The Ethiopian government has recognized climate change as a threat to its national
development. The country has signed most of the international environment con-
ventions including those specifically focused on climate change: it ratified the
UNFCCC in May 1994, UNCCD United Nations Convention to Combat
Desertification in June 1997, and the Kyoto Protocol in February 2005. The country
prepared a National Adaptation Programme of Action (NAPA) to fight the impacts
of climate change and desertification (Amsalu and Gebremichael 2009). The pro-
gram clearly states the urgency of taking practical adaptation and mitigation actions
in many social and economic sectors (NMA 2006; Epsilon International 2011).
CRGE (Climate Resilient Green Economy) strategy recommends the use of low
carbon solutions to leapfrog other economic sectors while realizing the ambitions
set out in the country’s GTP. CRGE Present an overarching framework to marshal a
coherent response to climate change, to generate both innovative thinking and a
course of actions to meet the challenges associated with the transfer of
climate-friendly technologies and finance for the construction of a climate resilient
green economy in Ethiopia (NMA 2006; Epsilon International 2011).

GTP (Growth and Transformation Plan) recognized Climate change as a huge
threat. It stipulates the country’s ambitions to build a CRGE by 2030. The country
has formulated a number of policies, strategies and action plans aimed at promoting
Environmental protection, sustainable development and poverty reduction.
However, lack of local specific focused policies and legislation were a serious
impediment to deal with the adverse impacts of changes and variability in climate
(Sintayehun 2008). Kassahun (2008) also stated, it is important and high time to
take climate change issues into the country’s policies, program and guidelines.
However, the current policies, strategy and laws related to climate change and
sustainable agriculture are adequate. But still they are not adequately incorporated
into extension guidelines and manuals in a way that local farmers understand and
participate in the implementation processes. Therefore, creating awareness about
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policies, strategies and implementation guidelines at all levels including agricultural
extension workers and implementation of CSA (climate smart agriculture) is a key.

Despite the relatively high knowledge of the subject among policy-makers, and
the prominent role being played by Ethiopia in international climate change
negotiations, Ethiopia was still formulating its response in 2009 (Ayalew 2009).
Ethiopia, on behalf of African continent plays a great role in climate change
negotiations (COPs) which indicates that Africa as a whole and Ethiopians in
particular are aware of the climate change impacts on global, regional and national
scale. The efforts given to poverty alleviation and socio-economic development will
be challenged by the impacts of a changing climate unless such issues are well
integrated with adaptation plans (NMSA 2001). According to Deressa et al. (2008),
since vulnerability to climate change in Ethiopia is highly related to poverty
through loss of coping or adaptive capacity. Integrated rural development schemes
can play a great role in reducing poverty and increasing adaptive capacity for
dealing with climate change.

Yesuf et al. (2008) also suggested that farmers need timely information on
predicted changes in climate in a readily accessible form to empower them to take
appropriate steps to adjust their farming practices, such as adopting yield-enhancing
adaptation strategies. The early warning system in the country is based on crop
forecasts and assessments of food stocks, and deals mainly with preparedness for
food emergency relief. In addition, efforts should also be made to reduce the risks of
disasters, and extend access to credit markets and extension services in order to
facilitate adaptation (Amsalu and Gebremichael 2009). However, the Government’s
response has been challenged by shortage of funds and lack of institutional
capacity. Hence, the role of non-state actors and their contribution in enhancing
local adaptive capacities is very crucial need to be encouraging (Amsalu and Adem
2009; Amsalu and Gebremichael 2009) and included in the plan.

5.2 Ethiopia’s Program of Adaptation to Climate
Change (EPACC)

EPACC (Ethiopian Program of Adaptation to Climate Change) strategy adequately
understood climate change as a growing threat in Ethiopia and clearly elaborate the
need to mainstream climate change in all spheres of development policy making
and planning at all phases and stages of the planning and implementation process.

As a Party to the UNFCCC, Ethiopia is obliged by several articles of the con-
vention to address climate change through the preparation of a national adaptation
document and the integration of climate change into its sectoral development plans,
policies and strategies. The NAPA, prepared in 2007, represented the first step in
coordinating adaptation activities across government sectors, but was not intended
to be a long-term strategy in itself. Ethiopia’s NAPA projects are currently “on
hold” whilst international adaptation funding mechanisms are under negotiation
(Adem and Bewket 2011).
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The former Federal Environmental Protection Authority and the present Ministry
of Forest Environment and Climate Change (MFECC) of Ethiopia developed a sep-
arate work program for action on adaptation to climate change. The document inter-
links climate change adaptation stronglywith the economic development and physical
survival of the country. The main objective of EPACC and CRGE is to create the
foundation for a carbon-neutral and climate-resilient path towards sustainable
development in the country. According to this programme, climate change will be
implemented by inhabitants and farmers at local and district levels (NMA 2006 and
Adem and Bewket 2011). The climate risks identified by EPACC are broadly in the
areas of human, animal and crop diseases, land degradation, loss of biodiversity,
decline in agricultural production, dwindling water supply, social inequality, urban
waste accumulation, and displacement due to environmental stress and insecurity. The
programme also identifies adaptation strategies and options in the various socioeco-
nomic sectors including cloud seeding, crop and livestock insurance mechanisms,
grain storage, societal reorganization, renewable energy, gender equality, factoring
disability, climate change adaptation education, capacity building, research and
development, and enhancing institutional capacity and the politicalmomentum (NMA
2006). The program clearly explains the need to mainstream climate change in all
spheres of development policy making and planning at all phases and stages of the
planning and implementation process and the urgency of taking practical adaptation
and mitigation actions in the various social and economic sectors.

5.3 Climate Resilient Green Economy (CRGE) of Ethiopia

Although international climate negotiations have made little progress, Ethiopia has
started the race towards low-carbon development (LCD). LCD Plans have been
developed and lay foundations for overall sustainable development planning of the
country. In fact aggregate climate change mitigation commitments are still far apart
from a level of ambition that effectively creates a realistic chance of limiting global
warming to a maximum of 2 °C or possibly even lower. Many developing countries
including Ethiopia seem to have already begun this process. In this regard, Ethiopia
can be an example and tried to implement a new national strategic framework for a
smooth transition to a climate resilient green economy by 2030. A climate resilient
green economy is a long-term ambition of Ethiopia. The mission statement
developed to facilitate the development of the Ethiopian CRGE strategy sets out a
five step roadmap for moving towards a climate resilient low carbon economy. The
roadmap identified the need for more work on Ethiopia’s climate change institu-
tions, monitoring and finance systems and sectorial and regional action plans. When
combined, the work is expected to enable the EPA to draft a CRGE Strategy which
will identify a clear path to the goal of a climate resilient green economy by 2030
(Adem and Bewket 2011). Building resilient means reducing the risk of becoming
food insecure and increasing the adaptive capacity to cope with risks and respond to
climate change (Gitz and Meybeck 2012).
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Priority challenges and constraints for Addressing climate change impacts

Ethiopia faces a number of cross-cutting challenges and constraints in regard to
climate change venerability assessment and adaptation and implementation. As
noted in NAPA, these challenges include:

• Weak policy implementation and limited awareness
• Lack of research and development capacity to assess the impacts and conse-

quences of climate change
• Lack of individuals with specialization in venerability and adaptation assess-

ment in agriculture, water resources and health
• Limited skill capacity, facility, and technologies to provide accurate and timely

weather and climate forecasts
• Weak institutional framework for dealing with climate change
• lack of coordination between research institutions and policy makers.

Addressing these capacity, institutional and coordination and needs will contribute
to Ethiopians ability to continue to move forward effectively on implementation of
adaptation that support long term climate-resilient green development.

5.4 Improving Smallholder Livelihood and Resilience
Through Climate-Smart Agriculture (CSA)

Climate-smart Agriculture (CSA) is an approach that helps to guide actions needed to
transform reorient agricultural system to effectively support development and ensure
food security in the changing climate. CSA aims to tackle three main objectives:
(1) increase agricultural production and income sustainability, (2) adapting and
building resilience to climate change and (3) reduce and/or remove greenhouse gas
emissions, where possible (IPCC 2013). CSA practices aimed at promoting efficient
use of land, water and soil and other environmental resources. CSA promotes coor-
dinated actions by farmers, researchers, private sectors, civil society and policy
makers towards climate-resilient pathways through four main action areas:
(1) Building evidence (2) increasing local institutional capacity and effectiveness
(3) fostering coherence between climate and agricultural policies and (4) linking
climate and agricultural financing (Fig. 2). CSA differs from ‘business-as-usual’
approaches by emphasizing the capacity to implement flexible, context-specific
solution, supported by innovative policy and financing actions (Leslie et al. 2015;
FAO 2016).

CSA emphasizes utilization of ecosystem service for agricultural systems to
support productivity, adaptation and mitigation of climate change. CSA encourages
integrated approaches (Leslie et al. 2015) for example:

• integrated crop, livestock, aquaculture and agroforestry systems;
• improved pest, water and nutrient management;
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• landscape approaches;
• improved grassland and forestry management;
• practices such as reduced tillage and use of adverse verities and breeds;
• integrating trees into agricultural systems;
• restoring degraded lands; improving the efficiency of water and nitrogen fer-

tilizer use; and manure management, including the use of anaerobic
bio-digesters.

All these integrated activities enhance soil quality and can generate high produc-
tion. It also Enhances adaptation and mitigation benefits by regulating carbon
oxygen and plant nutrient cycles leading to enhanced resilient to drought and
flooding and to carbon sequestration (Leslie et al. 2015). Transformative change in
agriculture can involve shifts in agricultural production (for example from crop to
livestock) or source of livelihoods (increase resilient on non-farm income) (Leslie
et al. 2015).

Transforming the current agricultural practice into CSA approach urgent actions
from policy makers, public, private and civil society stakeholders at all levels is
required in four areas: (i) building research based evidence and assessment tools;
(ii) strengthening national, regional and local institutions (iii) developing coordi-
nated and evidence- based policies and (iv) increasing finance institutional capacity
and its effectiveness. The current evidence based research findings are inadequate,
inaccessible to decision makers support effective decision making at the national,
regional and local levels. Therefore the current research addressing climate change
impacts on agriculture are not sufficient for national and local level planning.
Research institutions should be coordinated to develop tools needed for evaluating

Multiple stressors including 
Climate Change

Agriculture Opportunity space Possible future

Fig. 2 Climate-resilient transformation pathways for agriculture. Adapted from ref. 4, © IPCC
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the impact of climate change (both extreme events), adaptation and mitigation
potential of different policies and technologies.

Challenges and opportunities for effective implementation of CSA in Ethiopia

The key challenges to implement CSA in Ethiopia are: weak implementing
capacity on climate change adaptation and mitigation, lack of integration or coor-
dination between federal and regional levels, public sector and civil society orga-
nizations, private sectors, and impacts of conventional agricultural practices such as
open grazing and frequent ploughing. In spite of the above challenges the country
has untapped opportunities to support the scale up of CSA in Ethiopia. These
includes; Climate Resilient green economy (CRGE) strategy of Ethiopia, promotion
of avoiding open and uncontrolled grazing by regional states, promotion of inte-
grated watershed management to improve agricultural productivity, existence of
extension and development agents to create climate related awareness and provide
capacity building tanning at the local level. All these opportunities, in addition to
NGOs, at the grass root level can promote climate smart agriculture activities in the
country.

Improving smallholder livelihood and resilience, in the context of climate change,
through climate-smart agriculture (CSA) includes improving farm level food security
and productivity through the development of profitable and sustainable farming
systems. This can be achieved through integrated and sustainable land and forest
management program, integrated soil fertility management, small scale irrigation
scams, integrating tree-food-crop livestock system, poultry, bee farming and animal
fattening, soil and water conservation measures, rain and ground water harvesting
practices. The existence of development agents and extension workers can start CSA
practices if appropriate strategy, action plans and manuals are set in place.

6 Conclusion

Many studies convincing that climate change is real, that it will become worse, and
that the poorest and most vulnerable people will be the worst affected. Agriculture
completely dominates Ethiopia’s economy and any climate-change impacts on
agriculture will be considerable in the coming decades. Climate change affects
agriculture and hence food security directly through changing agro-ecological con-
ditions and indirectly by affecting growth and distribution of incomes. Environmental
changes, such as changes in water availability and land cover, altered nitrogen
availability and nutrient cycling, has increased concerns about achieving food
security. These problems are further intensified by climate change. Shifts in rainfall
and rise in temperature will bring major impacts in terms of crop and livestock feed
yields, water availability, disease incidence and flood damage. CSA strategies for
adaptation and mitigation options should be strengthen such as carbon-sequestration
practices involving reduced tillage, increased crop cover, including agro-forestry,
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and use of improved rotation systems are needed. This transition to CSA will have to
be improved by active adaptation policies on the part of the government and will
surely need outside support. The countries Green Economy Policies and Strategies
integrate the different sectors depending on water-rain fed and irrigated agriculture,
livestock, fisheries, forestry, water and soil conservation and biodiversity protection
activities. An integrated, evidence based and transformative approaches to addressing
food and climate insecurity at all levels require coordination actions from national to
local levels, from research to policies and investment and across private, public and
civil society sectors to achieve the sale and rate of change required. With the right site
specific practices, policies and investment’s, the agriculture sector can move on to
CSA pathways result in improved food security and decrease in poverty in the in the
short term while contributing to reduce climate change as a treat to food security over
a longer term.
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Abstract The impacts of climate change, such as increasing temperature, erratic
rainfall pattern, sea level rise, etc., are being increasingly reported. These impacts
are destructive for human activities and thus the development and improvement of
mitigation and adaptation strategies is a priority globally. In the least developed and
developing countries, adequate adaptive capacities are required so to boost the
resilience of communities towards the projected climate change projected.
Moreover, activities of climate change adaptation not only provide solutions and
strategies to deal with climate change, but also encourage sustainable development.
This comparative study evaluates projects in three countries: Mongolia, The
Philippines, and Timor Leste, by mapping and contrasting the factors that con-
tribute to adaptive capacity and support sustainable development. A heuristic matrix
was used to articulate the capacities that influenced the desired outcomes of each
project. Some key components of adaptive capacity were identified in each context.
The interaction of those components improved the generic and specific capacity at
individual and system level then ultimately improved resilience towards climate
change.
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1 Introduction

The impacts and risks of climate change are already affecting many sectors crucial
for human livelihoods including water resources and food security (UNFCCC
2014). Economically precarious communities, especially those in developing
countries and rural localities, are considered the most vulnerable to negative climate
change consequences (Hallegate et al. 2016). Adequate attention and proper mea-
sures should thus be given to climate change adaptation capacities to prepare
communities for projected climate change impacts. As part of this, interventions
that build capacity should ultimately support the sustainable development of the
region.

Activities attempting to address the climate change impacts have been imple-
mented worldwide, and are expected to be expanded and integrated to mutually
promote both adaptation to climate change and sustainable development, yet the
role of different capacity attributes promoted in these activities, not least their
interaction in different contexts, is still poorly understood. UNFCCC
(TEC-UNFCCC 2014) presented that agriculture represented the single most
important sector in the economy of many low-income countries, and 75% of the
world’s population relies on the related activities. On the other hand, WorldBank
(2013) highlighted that hundreds of millions of people around the world depend
directly on forest resources for their income and livelihood, including many people
living in extreme poverty. However, both sectors are under threats of climate
variables (e.g. temperature, precipitation, radiation, and extreme weather events)
which ultimately jeopardize the survival of people who rely on those sectors. IPCC
(2007) added: “The inter-annual, monthly and daily distribution of climate variables
affects a number of physical, chemical and biological processes that drive the
productivity of agricultural, forestry and fisheries systems.” IUFRO (2009) reported
that human dimensions of adaptive capacity in subtropical and tropical forests are
more variable due to constraints on access to capital, information and technology.
Since the recent report of IPCC AR5 suggested the urgent efforts of adaptation, the
establishment of adaptation strategies are crucial for both sectors (i.e. agriculture
and forestry).

This study analysed adaptation projects as case studies at agriculture and forestry
sector in three countries: Mongolia, Philippines, and Timor Leste. The idea of this
study was to explore aspects that influence the success of increasing communities’
adaptive capacities at the end of the projects by adopting a heuristic matrix
developed by Eakin et al. (2014). This matrix can be an alternative way to evaluate
the impacts of adaptation projects as a lesson learned in a more comprehensive way.

Monitoring and Evaluation (M&E) and Measuring, Reporting and Verification
(MRV) for climate change adaptation receive increasing interest and attention at
both political and operational levels. On the political side, the outcomes of Paris
Agreement indicated an increasing focus on the national reporting of both future
adaptation actions that have been implemented. On the other hand, the operational
side tends to the scale of the financial resources flowing into climate adaptation,
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is likely to lead much stronger donor emphasis on documenting results and impacts
in the future (Christiansen et al. 2016). Furthermore, M&E is crucial to capture the
progress of the project whether sustainable development is achieved. In response to
that, this study adopted qualitative analysis to evaluate the result of each case. The
qualitative approach was selected to describe effectively the distinctive aspects and
the contemporary phenomena of the project as they are unique cases and difficult to
replicate. The qualitative approach is expected to reveal something about the case
studies and contributes to a general understanding of the nature of this kind of
activities.

2 Case Description

This study covered three adaptation projects in Mongolia, Timor Leste and the
Philippines. These project activities aimed to improve the adaptation capacity and
formulate the adaptation strategies at agriculture and forestry sector with the
expectation of sustainable development stage is achieved. In Mongolia and Timor
Leste case, the issues related to forestry management were highlighted, whereas the
Philippines covered water management issues at agriculture sector. Improving
adaptive capacity in the vulnerable areas are the focus of each project.

2.1 Mongolia Case

There were 7 vulnerable provinces (i.e. Tuv, Selenge, Khentii, Bulgan, Khuvsgul,
Arkhangai and Uvurkhangai) selected as target areas aiming for improving liveli-
hoods of rural communities through sustainable forest management and increasing
apiculture. In those provinces, demographically, population densities are low and
communities are usually dispersed and nomadic. Livelihood opportunities for local
communities are limited by the short growing season and low yields for agricultural
products. The communities consist mostly of herders with little access to
non-herding income. The incidence of poverty generally increases with distance
from municipal services and access to livelihood diversity. Thus, poverty in these
areas is generally high—in 2012 (the baseline year of this project), according to
World Bank assessments, more than 35% of the rural Mongolian population was
considered impoverished following national standards. The 2006 Forest By-Laws,
enacted in 2009, allow local communities to form community-based Forest User
Groups (FUGs) to manage forest areas based on forest management plans approved
by regional governments. To date, 1180 FUGs with about 26,000 members have
been established, managing over 3 million ha of forest.
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2.2 The Philippines

Lantapan, Bukidnon were selected as target areas to increase the adaptive capacity,
especially capacity building of watershed management and up-land farming.
Currently prolonged rains, impacts resulting from El Nino and La Nina, and early
and delay onset of the rainy season have mainly negative impacts on crop yield,
farm income, water and soil quality, and health of the farmers. Lantapan has an
agricultural-based economy with 60% of the total labour force employed on
bananas and pineapples plantations covering large tracks of land, and in commercial
swine and poultry farms. Corn is the predominant crop, and is planted at higher
elevations alongside coffee and other vegetables. Meanwhile, coffee is prevalent at
the middle altitudes, with irrigated rice, and vegetables such as cabbage, tomatoes
and potatoes being the other crops that are distributed within the watershed.
Demographically, half of the population attended elementary school, a third entered
high school, and slight less than 15% attained tertiary education. This limits their
ability to seek non-farm employment in towns and cities. Many households live
close to the poverty line. Thus, they seldom have the capital to start small, non-farm
related scale business enterprises.

When the farmers are impacted by current climate hazards, they seek assistance
from lending institutions for purchase of pesticides; local government units for
provision of seeds, technical and financial assistance, and food subsidies/handouts;
commercial plantations to seek additional employment; and local health centers and
medicine men for the treatment of flue colds, coughs and fever. At times, the delay
in the release of local budget can facilitate coping mechanisms, and other times
constrain them, as there are challenges in arranging adjustments to budgets or to
respond to climate variability and extreme events (e.g. to take on additional
short-term staff), or results in a decrease in budgets.

2.3 Timor Leste Case

Climate data or forecasts is limited for Timor Leste, but climate change is predicted
to cause hotter dry seasons, shorter and more unpredictable rainy seasons, more
frequent extreme heavy rainfall and cyclone events and sea water intrusion. These
natural disasters associated with droughts, floods, landslides and soil erosion, result
in decreased capacity for agricultural production and damage to infrastructure. The
country experiences a distinct ‘hungry season’ for up to four months of the year in
many districts. In Timor Leste, a positive Indian Ocean Dipole equates to less
rainfall, protracted dry seasons. During La Niña years above normal rainfall leads to
increased flooding and landslides in Timor Leste, while El Niño years are associ-
ated with droughts. The most significant impact on the population during El Niño
years is reduced ground water availability. Aileu is targeted as the project site. The
communities are largely subsistence farmers who are very isolated, far from
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markets, little access to roads, have poor crop quality, low yields, poor food
security, over reliance on maize and rice for income. The communities have a
history of exploiting the natural resources of forest, and poor history of engagement
with government. Education levels are extremely low across the project population,
and lower for women than men. These baseline data put Aileu as the vulnerable
area which requires proper adaptation measures.

3 Methodology

This study dealt with an evaluation on adaptation projects at agriculture and forestry
sector in three countries: Mongolia, Philippines, and Timor Leste at agriculture and
forestry sector. The data collection was done by qualitative approaches. The
approach was conducted by site visit, observations and interview the respective
stakeholders such as the project developer, the local government, and the impacted
communities. Those was also complemented by reviewing the projects’ final
reports, and survey to the impacted communities (i.e. number of people, number of
households). At the end of each project, Eakin et al. (2014) suggested a simple
heuristic matrix to evaluate the impact of each project. This is a proper tool used to
articulate the influential capacities that have led to the desired outcomes of a pro-
ject. The capacities matrix consists of two dimensions: generic capacity and specific
capacity, as illustrated in Table 1.

Table 1 The manifestation of different forms of capacity at different organizational levels

Individual actor System-level

Generic ∙ Income level and structure
∙ Savings
∙ Material assets
∙ Health status
∙ Education level
∙ Population mobility
∙ Participation in social organizations

∙ Economic productivity
∙ Information infrastructure
∙ Poverty levels
∙ Economic and social inequality
∙ Transparency in governance
∙ Population-level education
∙ Sanitation
∙ Health care services
∙ Built environment integrity

Specific ∙ Climatic information use
∙ Protection of private property
∙ Climate risk insurance
∙ Adoption of technologies to reduce
climate impacts

∙ Cultural climate prediction
∙ Traditional risk mitigation strategies

∙ Insurance provisioning systems
∙ Early warning systems
∙ Scenario development
∙ Infrastructure investment
∙ Disaster planning and
compensation fund

∙ Risk mitigation planning

Source Eakin et al. (2014)
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Generic capacity is related to capacities which are basic human development
needs, while specific capacity is defined as tools and knowledge required to
anticipate and effectively respond to climatic threats. Thus, generic capacity
includes education level, health, mobility, livelihood, and security whilst specific
capacity refers to the knowledge and system concerning adaptive procedure.
Although project indicators on one project are not analogous to those of other
communities’, it is possible to draw out the essential aspects of generic and specific
capacity profiles. The matrix also furcates these capacities for examination at
individual actor and system level.

To evaluate the interaction between specific capacity and generic capacity, Eakin
et al. (2014) suggested 4 classifications as shown in Fig. 1. Firstly, when both
generic and specific capacity are at a low level, the target community is classified to
be in a “poverty-trap”. In this state, the targeted community suffers from intense
stress that erodes human welfare and social structure that would otherwise support
effective risk management. Secondly, if generic capacity is low whilst specific
capacity is high, the society will be considered as a “safety-first” population. The
circumstances of this community lead them to prioritize present day safety and
security over investments in generic capacities that might enable future welfare
gains. There are typically weak safety nets at the level of governance
(“system-level”) of “safety-first” communities. Furthermore, capacity to invest in
assistance for household risk management, or build generic capacity, is lacking.

A further classification, the “safe development paradox” is defined when the
target society has high generic capacity but low levels of specific capacity. It
describes a society with a good level of education or health, but limited ability to
cope with the risk and impacts of climate change. At the system-level of the “safe
development paradox” community, there may well be very strong safety nets and
public investments in risk management and programs to ensure socioeconomic
stability. Lastly, characterized by high generic and specific capacity, there is the
community enacting “sustainable adaptation”. Communities in this domain are
characterized by conditions that would most likely lead to a sustainable outcome
and potentially, transformative adaptation. In this condition, generic and specific

Safe 
development 

paradox

Sustainable 
adaptation 

Poverty trap Safety-first

Fig. 1 Capacities matrix
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risk management is high at both individual and system-levels, and as such,
development and adaptation policies are mutually reinforcing to the benefit of
reduced overall vulnerability (Eakin et al. 2014).

3.1 Mongolia Case

The project has two approaches: the focus on protection and sustainable manage-
ment of the forests and sustainable livelihoods for communities in proximity to
forests. To execute the project, a field visit was conducted by World Vision
Mongolia to hold focus group discussion and key informant interviews with
respected community members and officials. Then, it was followed by a workshop
to assess the priority environmental issues and the most important causes of those
issues. The project supported 24 households (1.6% of the total number of benefi-
ciaries) that had members with disability and some bee-keeping groups had active
members who had disabilities. Furthermore, document report from the project were
also conducted to evaluate the impact of the project.

3.2 Philippines Case

The overall goal of the project is to promote climate change adaptation by upland
farmers and watershed management. To achieve this, the impacts of climate vari-
ability to crop yield, vulnerability and adaptation policies/strategies were assessed
through a combination of one-on-one interviews with farmers and stakeholders,
focus group discussions, workshops and review of literature. Results of the
assessment were presented and validated during workshops. Then, capacity
building activities were undertaken in the forms of magazine, video and other easy
understanding media. Those are aimed for non-technical people to increase the level
of awareness of farmers and stakeholders on climate variability, climate extreme
and climate change. A pre-test of materials was performed before distributing to the
project site. In addition, formal and informal training sessions for climate change
‘champions’, farmer groups, stakeholders and policy makers were held at the local
level, and efforts were made to ensure that these were covered by the local media to
attract more stakeholders involved.

3.3 Timor Leste Case

At the beginning of the project, meetings and visits created awareness and agree-
ment for local leaders to implement and enforce “tara bandu” which is the local land
law. In Timor Leste, tara bandu is enforced a strict local forest policy which
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prohibited cutting and burning of forests. Through the meetings (i.e. discussions,
interviews), tara bandu was readopted and re-agreed to prohibit all burning, and
limited and controlled wood harvesting. Stakeholders were able to advocate for
more supportive arrangements for the management and utilization of natural forests.
The project supported 46 people living with a disability (25 male and 21 female) to
participate in training and project activities and were given priority access to
agroforestry materials. Several assessments such as vulnerability assessment, par-
ticipatory rural appraisal/PRA were performed.

4 Results

As result, Table 2 shows the overall outcome of projects in terms of adaptive
capacity using the heuristic matrix suggested by Eakin et al. (2014). This result was
based on the projects’ final report, observation, interviews and survey. The logical
view which lead to such results will be discussed in the next three sub-sections (i.e.
Mongolia case, The Philippines case, and Timor Leste case).

Table 2 Project evaluation using a heuristic matrix suggested by Eakin et al. (2014)

No. Location Project name Aim of the project Status
before
project

Status
after
project

1. Mongolia Forest Protection and
Enhanced Rural
Livelihood Project
(FPERLP)

To improve the
livelihood of rural
communities through
sustainable forest
management and
increasing apiculture

Poverty-trap Safety-first

2. The
Philippines

Mainstreaming
climate change
adaptation in
watershed
management and
upland farming in the
Philippines

To promote climate
change adaptation by
upland farmers and
watershed
management at the
national and local
levels in the
Philippines

Safety-first Safety-first

3. Timor
Leste

Building resilience to
a changing climate
and environment

Increased community
and environmental
resilience to climate
change effects

Poverty-trap Safety-first
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4.1 Mongolia Case

4.1.1 Before the Project Implementation

Despite the potential to facilitate adaptation, most FUGs lack knowledge to
establish forest inventories and management plans also capability on sustainably
maintaining the forest- something the project attempted to address. On the other
hand, the forest legislation constrains adaptation because they do not allow trees to
be cut without a permit (permits being reserved for poorly regulated, private forest
enterprises). Therefore, the climate vulnerability of local community members will
be reduced by building the local community’s capacity to protect, manage and
create livelihoods from forests in an ecologically sustainable way. Given the situ-
ations mentioned before the project implementation, the community condition is
categorized as “poverty-trap”.

4.1.2 After the Project Implementation

The project increased community adaptive capacity by both increasing commu-
nity’s income by diversification of non-timber-forest-product livelihoods sources
and improving awareness of environmental degradation and management. In terms
of gender, there was no notable difference in vulnerability as it was not included in
the scope of the project. Women’s participation in the forest groups supported by
the project was equal to men’s, and women achieved slightly higher number of
leadership roles than the men. The effort to diversify the livelihoods to
non-timber-forest-production of the local community was assessed to have
increased the specific capacity at both individual and system level shown in
Table 4; as compared with the condition before the project implementation
(Table 3). Specifically, diversifying the livelihood sources, at the generic level,
reduced community reliance to exploit the primary resources and conditions
required to profit solely from animal husbandry (livelihood diversification); while at
specific capacity, it created new market opportunities, improved capacity to engage
with market. Also, the mobility of community to urban areas as described in
Table 3 was diminished. These outcomes may reduce the impact of climate change
shocks and stressors. In addition, by explicitly educating community members

Table 3 The adaptive capacities at the beginning of the project in Mongolia case

Individual actor System-level

Generic ∙ Seasonal population mobility
∙ Agrarian local knowledge and cultural
appreciation for nature

∙ High population-level
education rate

Specific ∙ Engaged in a livelihood activity (herding)
∙ Some traditional use of forest resource
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around policy, environmental protection and livelihoods, as well as the links
between these, the market economy activities related to forest resources have
become molded. Overall, it was assessed that the project successfully improved the
adaptive capacity from ‘poverty trap” to “safety-first” community.

4.2 The Philippines Case

4.2.1 Before the Project Implementation

Considering the knowledge about climate change mitigation and access to funding,
the state of the community is at “safety-first” where generic adaptation capacity is
moderate at both individual and system levels, and specific adaptation capacity is
relatively high. In the short-term, specific adaptation capacity is needed on the use
of climate change information both at the individual actor and system level.

4.2.2 After the Project Implementation

The project found that the main factor related to vulnerability is low level of edu-
cation that limits their ability to seek non-farm employment in towns and cities
(Pulhin et al. 2016). Although the project has provided interactive education for
non-technical people, it was claimed that there was no significant change in terms of
adaptive capacity (Table 5) because the same table was produced at the end of
project implementation. It was suggested that the development of insurance systems
and the uptake on risk insurance should be introduced to alleviate food security

Table 4 The adaptive capacities at the end of project of the project in Mongolia case

Individual actor System-level

Generic ∙ Social organization around resource
management and markets

∙ Increased awareness of environmental
issues

∙ Strengthened community and social
cohesion through communal
management and skills-transfer

∙ (Increased) economic productivity
∙ Improved understanding of policies
around sustainable forest
management

Specific ∙ Engaged in an increased diversity of
livelihood activities

∙ Improved access/sustainable use of
forest resources (across genders)

∙ Improved capacity to engage with
market

∙ Improved community stewardship of
forest resource

∙ New market opportunities and
touchpoints

∙ Improved DRR planning
(specifically for bushfires)
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issues during extreme climatic events in the short-term. In the long-term, climate
scenario development and the analysis of positive and negative impact of climate
change will help to inform development planning in the region. Additional invest-
ments in increasing education levels is required to improve incomes and ability of
the community to find alternative employment that is less climate sensitive.
Nevertheless, the project succeeded in identifying the impacts of current climate
hazards on the local people, identifying their current coping mechanisms and raising
their awareness of climate change. Overall, this project did not successfully improve
the adaptive capacity of the respective communities, the safety-first condition.

4.3 Timor Leste Case

4.3.1 Before the Project Implementation

The condition of the community is categorized at “poverty trap” because of low
capacity in generic and specific. For instance, low education level, lack of gov-
ernment support and social infrastructure are yet established in Aileu. On the other
hand, climate change is hastening the decimation of the natural resource base,
notably water, agricultural and forest resources.

4.3.2 After the Project Implementation

The project has significantly achieved its goal of increasing community and envi-
ronmental resilience to climate change effects. The very significant reported decline
in the incidence of burning is no doubt influenced by increased government mes-
saging in this area, and in particular local level regulations promoted through tara
bandu. A reduction in burning will greatly contribute to climate resilience. At the
community level in the project area raising climate change awareness appears to
have been effective. There are 76% of respondents claimed to know what climate

Table 5 The adaptive capacities before and after the implementation of the project in Philippines
case

Individual actor System-level

Generic ∙ Population mobility
∙ Participation in social organizations

∙ Economic productivity
∙ Information infrastructure
∙ Partnership strategies

Specific ∙ Climatic information use
∙ Adoption of technologies
∙ Traditional risk mitigation activities

∙ Risk assessment
∙ Early warning system
∙ Infrastructure investment
∙ Risk mitigation/contingency plans
∙ Disaster compensation/assistance funds
∙ Recovery plans

Comparative Study on Agriculture and Forestry Climate … 423

pcastro@ci.uc.pt



change was but perhaps more notable was the rate of awareness on potential climate
change impacts on agriculture with up to 84% of those aware of climate change able
to describe at least one impact consistent with the general science. There was a
reasonably high level of knowledge of suitable measures to mitigate climate change
impacts. The improvement made by this project is shown in Table 7 when it is
compared with the conditions before the project activity, shown in Table 6. Overall,
the project successfully improved the adaptive capacity from “poverty trap” to
“safety first” although mostly at individual level.

5 Discussion

A difference was ultimately observed for each project, and moreover differently
affected the adaptive capacity of each target community. Herein, we will attempt to
explain the interaction of adaptive capacities of each project that influence the
outcome and subsequently provide comparative study especially in agriculture and
forestry activity.

To further analyze factors that affect the success of each of the projects, this
study highlighted the aspects to be evaluated including data availability, the
importance of inception and participatory analysis, the education level of the target
community, technology and knowledge transfer, policy and government support,
and financial measures.

Table 6 The adaptive capacities at the beginning of the project in Timor Leste

Individual actor System-level

Generic ∙ Agrarian local knowledge
∙ Tara bandu tradition

Specific ∙ Some traditional use of forest resource in desperate times

Table 7 The adaptive capacities at the end of the project in Timor Leste

Individual actor System-level

Generic ∙ Increased awareness of environmental
issues

∙ Improved understanding of prohibitions
and rights around sustainable forest
management

∙ Decrease in destructive practices
(specifically slash and burn)

Specific ∙ Engaged in an increased diversity of
livelihood activities

∙ Improved community stewardship of forest
resource

∙ Strengthened adherence to forest
law (due to tara bandu
governance)
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5.1 The Importance of Data Availability and Participatory
Analysis

All cases suggest that inception and participatory analysis are significant to ascertain
the success of a project (Pulhin et al. 2016; World Vision Mongolia 2015; World
Vision Timor Leste 2016; Smit and Walden 2006). Likewise the development
projects, data availability is significant in adaptation projects (Patwardhan 2003). For
instance, the project proponent in the Philippines did assessment to picture the
condition in the targeted areas by interviewing the respective stakeholders prior to
assess climate vulnerability and impacts including the adaptation strategies (Pulhin
et al. 2016). Understanding that the education of the community is low, then
increasing the education level and awareness becomes crucial in the project.

5.2 Education Level, Technology and Knowledge Transfer

All cases imply that sufficient education level of local communities is crucial to
assure the outcome of the project. The three cases described the education level of
local communities are considerably low and various methods had been conducted
to increase the awareness, knowledge and adaptive capacity (Pulhin et al. 2016;
World Vision Mongolia 2015; World Vision Timor Leste 2016). However, the
cases did not success in providing their adaptation strategies at the end of the
projects because of the lack of knowledge and further need of capacity building.
This illustrates the importance of education level in determining the pace of project
implementation before proceeding to formulating the adaptation strategies.
Therefore, an intensive and comprehensive capacity building is necessary as it was
implemented intensively in the Philippines case and Mongolia. Focus Group
Discussion, visual materials (e.g. book, video) and workshop could be options
(Pulhin et al. 2016). In addition, high education level stimulates a good social
organization that may contribute significantly on improvement at system-level
(Williams et al. 2015). Having adequate education level also accelerates skill and
knowledge transfer from one community to another.

According to the project report in the Philippines case, although the improve-
ment is noticeable, it could have been better if the education level is not low
(mentioned at the previous section). This implies capacity is necessary to ensure the
enhancement of adaptive capacity occurs mutually at both individual and to an
extent, at system level. Despite, the Philippines case study provides also a good
example of a successful method to increase awareness and knowledge about climate
change. As part of this project, the project team endeavored to use various media to
increase the capacity at individual level based on familiar local means of com-
munication, for example, all media used local dialect and easily-understood lan-
guage for non-technical people to describe climate change and the importance of
adaptive capacity (Pulhin et al. 2009).
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Technology transfer is also considered plays important role in enhancing
adaptive capacity of a community. Establishing improved pathways of technology
transfer from the level of individual actor to system-level in the case of the Timor
Leste project would improve specific capacity at both individual level and gover-
nance (system-level). The absence of this aspect, inhibits the enhancement of
adaptive capacity as shown in Table 7.

5.3 Policy and Government Support

Policy is regarded as a notable attribute influencing the success of all projects in this
study. This is in line with mainstream literature that attests institutional barriers are
the most frequently reported barriers to climate change adaptation (Biesbroek et al.
2013; Brooks and Adger 2015). Governments have an important role in this con-
text. They can help by creating an attractive environment for research, development
and demonstration (RD&D) and safeguarding the drivers of innovation.

Well-designed targeted technology policies on both the supply and demand sides
are a fundamental ingredient in a strategy to accelerate innovation. While the specific
combination of policy measures will depend on country circumstances, it is important
in all cases to construct the appropriate framework to allow breakthroughs to happen
(IEA 2011). First and foremost, local and national responses to climate change need to
be well coordinated. This ensures coherence of local and national action, while clearly
acknowledging differences in the mandates of cities and national governments. City
and sub-national regional leaders are generally best suited to design strategies to
address their infrastructure needs, land use, geography, and economic profiles.
Together they could work closer together to develop and exchange information about
possible policy responses, to experiment with new solutions, to share experience and
broaden and replicate successful initiatives especially in dealing with climate change.
Mongolia is an illustrative case where inhibitory policy hindered the outcomes of the
project. In Mongolia, the inhibitory forest legislation constrained adaptation so that
adaptation was only realized at the individual level (Table 4).

Conversely, the case in Timor Leste is an example where amending policy to
address the risk of climate change positively impacted adaptive capacity at the
system level. This suggests that appropriate policy makes a significant contribution
to adaptive capacity at system-level. Referring to Tables 6 and 7, at the beginning
of the project, adaptive capacity at system level was absent. After readopting the
local law of tara bandu, specific capacity at system-level was strengthened.

Furthermore, the Timor Leste case demonstrated government backing of
favorable policy and/or governance contributes to development at both capacities,
generic and specific, as well as at individual and system levels. Moreover, a sup-
portive policy can facilitate the involvement of other stakeholders such as NGOs
and local development agencies to contribute actively to accelerate project imple-
mentation to achieve its goals (Adger et al. 2011). Notably, such support expands
the opportunities of partnership. These engagement principles are also suggested in
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Timor Leste, where engagement is needed at the system-level to better support the
individual actor, for example both in the improvement of forestry and agricultural
industry to the development of markets that support sustainable forest management
and ecological agriculture (World Vision 2016).

5.4 Financial Measures

Adaptation requires sufficient and sustained funding so that countries can plan for and
implement adaptation activities. Indeed, the Intergovernmental Panel on Climate
Change (IPCC) identifies economic wealth as a principal determinant of adaptive
capacity (IPCC 2001). Central governments, in turn, can set out the broad goals and
frameworks to encourage action in the right areas; they can also provide needed
funding or other incentives for city initiatives. The costs of adaptation in cities will
account for a significant proportion of this average, largely because of the expense
required to adapt (or, in the case ofmany low- andmiddle-income countries, build new
and resilient) infrastructure and services for densely populated areas. UNFCCC esti-
mates that adapting infrastructure worldwide could require US$8–30 billion in 2030,
one-third of which would be for low- and middle-income countries (UNFCCC 2007).

Most of the projects-those in Mongolia, Philippines, and Timor Leste, were
precluded from being able to fully enhance community adaptive capacity to a
sustainable state because of funding availability; e.g. lack of access to financial
measures such as insurance, grants, markets or loans. Ultimately, the government
plays a crucial role in mobilizing funds towards sustainable development at local,
sub-national and national levels.

An example of an integrated financial measure is the Philippines case. When the
farmers are impacted by current climate hazards, they are able to seek assistance
from lending institutions for purchase of agricultural inputs; local government units
for provision of technical and financial assistance, and food subsidies/handouts;
commercial plantations to seek additional employment; and local health centers and
medicine men for the treatment of flu, colds, coughs and fever. In addition, the
development of insurance systems and the uptake of suitable risk insurance in the
Philippines, may further alleviate food security issues during extreme climatic
events in the short-term.

This measure does not effectively adapt the community to climate risk over the
longer term however, nor provide the community with adequate and consistent
financial reserve to support future-oriented adaptation activities (funding is aimed at
recovering losses and responding to immediate needs). Additional investments to
increase education levels would improve incomes and the ability of the community
to find alternative employment options that are more advantageous, in accordance
with the risk highlighted in climate scenarios. Unfortunately, the delayed release of
the project budget hindered the project implementation. This implies that a sus-
tainable and integrated funding is required to properly support projects building
resilience to climate change.
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In terms of progressing the requirements of sustainable development unmet at
the project close, targeted monitoring data and strategies could promote follow-on
projects. Funding is a need for all developing countries to develop and implement
national adaptation plans and for these to exist at all levels: local, sub-national and
national. This was found to be an important to support progress towards and per-
petuation of sustainable development across the projects.

6 Conclusion

The analysis performed above identified the following attributes that contribute to
improve adaptive capacity: data availability, the importance of inception and par-
ticipatory analysis, the education level of community target, technology and
knowledge transfer, policy and government support, and financial measures. How
these attributes may change the generic and specific capacity at individual and
system level was discussed.

We conclude from this analysis that the success of a project is contingent on
meeting the following steps to ensure the formulation of effective adaptation
strategies:

1. Strong scientific data basis for decision making
2. A pre-assessment on the vulnerability of climate change at local context

including inception and participatory analysis
3. Education, training and public awareness on adaptation; including the estab-

lishment of pathways of technology transfer
4. Funding security
5. Project Evaluation and Monitoring to support follow-on projects in the future.

This study also reveals the complex interaction between project attributes.
Notably, the presence of policy and government support is considered to give
significant enhancement in generic and specific capacity at individual and system
level. Likewise, both the analysis of positive and negative impacts of climate
change through climate scenario development and the establishment of apprised
pathways of technology transfer, will help informing and sustaining the develop-
ment planning and innovation in the regions. It is these relationships and
their interactions that determine the ultimate outcomes of adaptation activities.
By doing so, it will be more likely to be implemented in a way that is effective,
efficient and equitable. Furthermore, sustainable development stage is expected to
achieve by implementing the suggested strategies above.
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Perceiving, Raising Awareness
and Policy Action to Address
Pollinator Decline in Nigeria

Thomas Aneni, Charles Aisagbonhi, Victor Adaigbe
and Cosmas Aghayedo

Abstract Insect pollinators contribute to agricultural crop yield and beekeeping
provides a major source of livelihoods for farmers in Nigeria. This study developed
two survey questionnaires and collected data from beekeepers, researchers and
government officials to generate quantitative indicators for the purpose of
description as a guide to action. Evaluation and characterization of colony bee loses
by beekeepers were assessed. The surveys conducted between October 2015 and
March 2016 consisted of questions related to: the importance of pollinators,
including managed honeybees (Apis mellifera), in agriculture and observations on
factors associated with pollinator declines; and management of bee mortality.
Evaluation and characterization of colony bee loses by beekeepers in Osun State
was conducted. Responses were received from 31 beekeepers and 20 policy makers
and researchers. 81% of beekeepers reported a reduction in number of colonies. The
results inform policy action on pollinator benefits for increasing crop yield and
helping smallholder farmers adapt to a decline in insect pollinators. This study
emphasizes pollination and insect pollinators as drivers of agricultural crop pro-
duction with a view to providing guidance for sustainable management of polli-
nators and achievement of green growth objectives.

Keywords Insect pollinators � Colony bee loses � Bee keepers
Policy makers � Crop yield

1 Introduction

Animal pollination, mainly performed by bees, is an important ecosystem service
with almost 90% of flowering plants and 75% of the world’s most common crops
benefiting from animal flower visitation (Klein et al. 2007; Ollerton et al. 2011).
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As the majority of the world’s staple foods are wind- or passively self-pollinated
(wheat, corn, rice), or are vegetatively propagated (potatoes), their production does
not depend on and increase with animal pollinators (insects, birds, and bats). These
crops account for 65% of global food production, leaving as much as 35%
depending on pollinating animals (Klein et al. 2007). In Nigeria, crops that require
pollination by bees and the crop’s natural pollinators include: Mango, Runner
beans, Guava, Pear, Cowpea, Tomato, Grape, Onion, Okra, Oil palm and Cashew.
Currently, the main conservation strategy at present is to promote pollinators
through establishment of protected areas. Pollination is the transfer of pollen from
the stamen, or the male component of a flower, to the pistil, or the female part. The
pollen grain reaches the ovary via the stigma to fertilize the ovules which produce
the seeds and fruit. Several types of vectors may ensure fertilization of a flower:
wind, water, and animals, especially insects. There is increasing evidence of a
global decline in insect pollinators that threatens the reproductive cycle of many
plants and may reduce the quality and quantity of fruit and seeds, many of which are
of nutritional and medicinal importance to humans. Identification of appropriate
actions is needed, especially given the uncertainty posed by gaps in both scientific
knowledge and effective policy interventions. Insect pollinators, comprising both
managed (e.g. honeybee Apis mellifera) and wild populations (species that exist as
non-managed wild populations including wild Apis spp.), have become a focus of
global scientific, political and media attention because of their apparent decline and
the perceived impact of such declines on crop production (Cameron et al. 2011;
Kerr et al. 2015). Pollinator declines are a consequence of multiple environmental
pressures, e.g. habitat transformation and fragmentation, loss of floral resources,
pesticides, pests and diseases, and climate change (Potts et al. 2010; Vanbergen
2013). Similar environmental pressures are faced in Nigeria where there is a high
demand for pollination services. The fact that almost half the data on pollinator
decline from recent studies comes from only five countries, with only 4% of the
data from the continent of Africa (Archer et al. 2014), highlight the lack of
information.

Despite the perceptions of global honeybee decline, long-term global data
indicate an increase in managed honeybees (Aizen et al. 2008; Aizen and Harder
2009), except in the USA. However, agricultural demand could outstrip supply of
managed honeybees (Aizen and Harder 2009) and greater demand for high value
fruit and nut crops may further increase demand for pollination services (Gallai
et al. 2009; Breeze et al. 2014). This demand implies that pollination services may
experience constraints even without a dramatic decline in honeybees and highlights
the need for effective strategies to safeguard reliable pollination services for agri-
culture. Such strategies could include: improved health of managed honeybees;
identifying possible substitutes for managed honeybees (Corbet et al. 1991; Potts
et al. 2011); increasing and diversifying the suite of wild pollinators where possible
(Corbet et al. 1991); and increasing the effectiveness of wild pollinators (Brittain
et al. 2013). The latter includes conserving suitable food sources and nesting habitat
for wild pollinators within the agricultural matrix and raises the question: ‘Is
management to secure biodiversity benefits more rewarding for crop production
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than management less favourable to biodiversity?’ If so, then strategies to improve
pollination services need to be aligned with strategies to conserve biodiversity in
agricultural landscapes (Ghazoul 2013). Another way to examine the likelihood or
proximity of a pollination crisis is to examine delivery of pollination services.
Although global honey bee stocks have increased by *45%, demand has risen
more than supply, for the fraction of global crops that require animal pollination has
tripled over the same time period (Smith et al. 2013), making food production more
dependent on pollinators than before. It has also emerged that the majority of crop
pollination, at a global scale, is delivered by wild pollinators rather than honey bees.
Yields correlate better with wild pollinator’s abundance than with abundance of
honey bees (Breeze et al. 2011; Garibaldi et al. 2013; Mallinger and Gratton 2014);
hence increasing honey bee numbers alone is unlikely to provide a complete
solution to the increasing demand for pollination. Reliance on a single species is
also a risky strategy (Kearns et al. 1998). While Aizen et al. (2008) concluded from
a global analysis of changing crop yields over time that there was not yet any clear
evidence that a shortage of pollinators was reducing yield, a subsequent analysis of
the same data set by Garibaldi et al. (2011) shows that yields of
pollinator-dependent crops are more variable, and have increased less than crops
that do not benefit from pollinators, to the extent that a shortage of pollinators is
reducing the stability of agricultural food production. In a meta-analysis of 29
studies on diverse crops and contrasting biomes, Garibaldi et al. (2011) found that
wild pollinator visitation and yields generally drop with increasing distance from
natural areas, suggesting that yields on some farms are already impacted by inad-
equate pollination.

1.1 Nigeria Agricultural Transformation Agenda

The agricultural transformation agenda of the Federal Ministry of Agriculture and
Rural Development is the pillar of Nigeria’s current agricultural policy. The
Agricultural sector is an important segment of the economy with high potentials for
employment generation, food security and poverty reduction. Low productivity in
Nigeria over the years has been largely attributed to low fertilizer and improved
seed utilization and inadequate government expenditure and the inability to com-
pete with others. The vision in the transformation strategy is to achieve a
hunger-free Nigeria through an agricultural sector that drives income growth,
accelerates achievement of food and nutritional security, generates employment and
transforms Nigeria into a leading player in global food markets to grow wealth for
millions of farmers. Transformation action plan for some priority agricultural
commodities is focused in the six geopolitical zones of the country. The com-
modities are rice, cassava, sorghum, cocoa cotton, maize, dairy, beef, leather,
poultry, oil palm, fisheries as well as agricultural extension. These are carried out
through the value chains of each of the commodities while recognizing roles of the
actors/stakeholders along the nodes of the chain, inputs requirements in achieving
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production targets, constraints faced and expected output. The main target is to
grow the agricultural sector through the various commodities and also to generate
employment opportunities. Pollination and pollinators as drivers of agricultural
crop production yield was not emphasized in the agricultural transformation agenda
policy with a view to providing guidance for sustainable management of
pollinators.

Objectives:

(a) Assess honey bee colony population abundance in study area.
(b) Identify targeted activities and methods to manage and mitigate changes in

pollinator abundance.
(c) Development of best pollinator management strategy.

2 Methods

2.1 Study Area

Osun State is an inland State in South-Western Nigeria with capital is Osogbo. Its
situated in the tropical rainforest zone. It covers an area of approximately
14,875 km2 and lies between latitude 7° 30ʹN and longitude 4° 30ʹE. Its boundaries
are: Ogun State to the South; Kwara State to the North; Oyo State to the West; and
Ekiti and Ondo State to the East. The State was selected due to the beekeeper’s
being well organized under the Federation of Beekeepers Association in Nigeria
(FEBKAN), Osun State branch.

2.2 Data Collection

Evaluation and characterization of colony bee loses by beekeepers in Osun State,
Nigeria, using a detailed questionnaire. A survey on insect pollination management
was conducted among researchers and policy makers. Information was collected
using interviews and two survey questionnaires for beekeepers (Annex 1), policy
makers and researchers (Annex 2). The questions used for the beekeeper survey is
adapted from the colony loss monitoring questionnaire (Van der Zee et al. 2013) for
beekeepers in Osun State. Beekeeper assessments were based on production colony
information between October 2014 and September 2015. The survey consisted of
22 major questions with some questions further divided into subparts. Although the
majority of questions were intended to generate yes/no responses, several questions
were multiple-choice or were open-ended to provide respondents with an
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opportunity to enter their own responses and supporting references. Thirty one
(Kevan 2001) participating beekeepers returned their completed surveys to the
author out of a total of thirty five beekeepers indicating 89% response rate. Data
were excluded from the loss rate analysis if the essential questions about colony
losses were not answered. Where necessary, translation was required in the
indigenous language. Participant knowledge, expectations, experience through
spoken or written forms were obtained. Transcripts were analyzed to provide salient
information, including potential trends in responses. Participants for the pollination
management survey included government officials (Corbet et al. 1991), researchers
and agricultural scientists (Aizen et al. 2008). After survey results were collected,
they were entered into a spread sheet and frequency of response tables calculated.

3 Results and Discussion

Overall, the Nigerian honeybee populations in the study area have not exhibited
significant losses (number of dead bees in production colonies), probably because
of the relatively unmanaged state of African honeybees and the fact that they are
indigenous. However, the fairly recent advent of environmental change (Climate
change) globally and in Nigeria suggests that our bees are now more vulnerable and
stressed than was previously the case. There is need to ensure that we are tackling
all the issues that place pressure on honeybees, because in so doing we will
hopefully also ensure the survival of some of the other lesser-known pollinators.

3.1 Beekeeper’s Survey

In this study, 31 beekeepers (89% of the total number of beekeepers in Osun State)
participated out of a total number of 35 beekeepers. The summary beekeepers
response received from respondents is presented in Annex 3.

3.2 Policy Maker’s Survey

This study developed a questionnaire and collected information from researchers
and government officials to generate policy indicators related to pollination and
pollinators for the purpose of description as a guide to action. The summary policy
survey response received from respondents is presented in Annex 4 (researchers)
and Annex 5 (government officials).
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3.3 Beekeeper’s Survey Response

In relation to production colonies during a one year period (October 2014–
September 2015), beekeepers reported a loss of production colonies without dead
bees in the hive. However, only 3% of beekeepers reported loss of production
colonies due to queen challenges (queen less or drone-laying queen). 9% of bee-
keepers reported a reduction in total production colony numbers due to uniting/
merging. A majority of beekeepers (48%) that responded were ignorant of the cause
of the death of their colonies while others attributed the cause to starvation (3%),
poor queens (6%) and disease (6%) and other unknown factors (12%). The bee-
keepers unanimously agreed that origin of queens were through rearing by their
colonies. Most beekeepers did not have to provide a new queen (94%) nor were
their colonies treated with a product for disease condition (97%). Most beekeepers
(97%) reported that their colonies were neither contracted for pollination services
nor moved for honey production. Due to a large proportion of small holder farmers
in Osun State, bee movement for crop pollination is not practiced presently. This is
in contrast with large-scale agricultural production systems such as almonds,
apples, melons and other cucurbits where large fields provide limited edges where
wild pollinators may nest (Chagnon 2008). Beekeepers replaced on average, 47%
of combs in the majority of production colonies and majority (81%) did not use any
supplemental sugar feed while others used honey (19%), Beet sugar (6%) and
inverted beet sugar (3%). Colony disturbance reported by beekeepers were mainly
by ants, humans (theft), rats and squirrels.

3.4 Honey Bee Colony Population Abundance
in Study Area

All beekeepers reported a reduction in production colonies without dead bees in the
hive. All local identified stressors—climate change, habitat loss, disease, diets, and
pesticides- which were observed not to act in isolation. Inadvertently making bees
more susceptible to population inhibiting pressures, and driving honey bee colony
losses and declines of managed bees in the study area.

3.5 Researchers and Government Officials Survey Response

Information from researchers and Government officials indicates that population
abundance trends in honey bee and other pollinator populations have largely not
been documented in Nigeria. A majority of respondents, researchers (75%) and
Government officials (83%) were not aware or uncertain of active in-country pol-
lination research on various native and non-native pollinators. This implies that
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there is an urgent need for special funding for pollination research. A majority of
respondents for both researchers and Government official’s (75%) were not aware
or uncertain on the role of managed bees in pollinating major crops. This implies
that there is need to create incentives and increase awareness for farmers to increase
crop productivity with managed bees. All respondents (100%) were either not
aware or uncertain if honey bee population declines have been documented in
Nigeria. This is largely because there have not been large scale studies on honey
bee abundance and distribution. There is need for a country wide bee abundance
assessment. All respondents (100%) were either not aware or uncertain if other
non-honey bee pollinator populations have been documented. Abundance in other
non-honey bee pollinator populations has been documented. However, information
on non-honey bee pollinator population variations over time is limited. There is
need for further studies on non-honey bee pollinators of major crops. When asked if
any Ministry has a formal insect pollination policy, a large percentage of the
respondents, researchers (87%) and Government officials (92%) were not aware of
any policy. An outcome from the survey indicates that there is no formal insect
pollination policy by the Ministry of Agriculture. When asked if the Federal
Ministry of Agriculture has conducted cross-ministerial work, with any other
Ministry, incorporating insect pollination into national policies and programs, a
large percentage of respondents, researchers (87%) and Government officials
(100%) were not aware or expressed uncertainty. However, a general insect pest
control policy is available for crop protection in Nigeria. There is need for incor-
porating insect pollination and pollinators into national policies and programs.

3.6 Perception of the Importance of Honey Bee
Pollination Service by Policy Makers

The perception of policy makers surveyed were very low (75%) as most were not
aware or uncertain on the role of managed bees in pollinating major crops. This is
attributable to fragmentary information on the benefits of pollinators and pollination
services and the need for broad policies to aid their conservation in other to boost
crop production.

3.7 Risks to Pollination Decline that Deserve Future Study

Pollination is the transfer of pollen from the stamen, or the male component of a
flower, to the pistil, or the female part. The pollen grain reaches the ovary via the
stigma to fertilize the ovules which produce the seeds and fruit. A pollinating
species is termed “wild” when its habitat is located in a natural environment or an
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environment with no human interference. A “native pollinator” refers to a species
originating in, associated with, and established in a given habitat over a long period.
Introduced (managed) pollinators refer to species in which reproduction and sur-
vival are controlled by man (Chagnon 2008). Over the past two decades, there has
been considerable concern globally over the apparent reduction in populations of
pollinators of all kinds. Several research projects, publications and public awareness
campaigns have focused on determining the possible causes of decline in intro-
duced pollinator numbers, particularly among honey bees. Some of the causes
include.

3.8 Pesticides

Pesticides constitute a major threat to pollinators. It has been known for some time
that the use of pesticides to control agricultural pests can have a negative impact on
honey bee colonies (Johansen and Mayer 1990). For decades, there have been
massive losses in bee colonies wherever agriculture and beekeeping have
co-existed. Losses in bee numbers are often the result of poor handling and
application procedures for pesticides or else failure to follow the recommendations
printed on the label. Even when the instructions are closely followed, the pesticide
will inevitably constitute a serious risk for all the pollinators, regardless of whether
they are wild or introduced. Pesticides are potentially able to harm a large number
of pollinating species and even to eliminate a certain number of populations of
species occurring in an ecosystem (Nabhan and Buchmann 1997). The presence and
abundance of suitable floral resources in an environment are therefore extremely
important factors. A relatively new class of widely used systemic insecticides, the
neonicotinoids, is highly toxic to insects, including bees, at very low concentra-
tions. The group includes imidacloprid, thiamethoxam, clothianidine and several
other compounds which are widely used to coat seeds. These compounds can be
taken up via the roots and then carried by the sap to all parts of the plant as it grows.
This ensures protection against root pests but also against insects attacking the
aerial portions of the plant. Since they are active until the flowering stage, they can
be picked up by pollinators in the pollen and nectar. Pesticide use in Nigeria has
been on the increase over the decades (Asogwa and Dongo 2009). It has been
estimated that about 125,000–130,000 metric tons of pesticides are applied every
year in Nigeria (Ikemefuna 1998). There is currently a Pesticides Registration
Regulations arising from the Drugs and Related Products (Act 19 of 1993). It is
well established that the improper use of agricultural pesticides negatively affects
development of honey bee colonies. Pesticides should be reduced or completely
eliminated. Standard guidelines and label instructions should be correctly applied.
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3.9 Transgenic Crops (GMOs)

Transgenic plants were developed specifically to reduce some of the undesirable
and involuntary effects of pesticides. There are concerns, however, about potential
impacts the direct effects of insecticide proteins in the pollen may have on
non-targeted species, including some pollinators (Losey et al. 1999). These con-
cerns focus on the lack of information on the lethal threshold of transgenic insec-
ticide proteins and the sublethal effects of the proteins on the physiological and
reproductive behavior of the insects feeding on them. Published results suggest that
the impacts of transgenic plants on bees should be examined case by case and
depend on the portion of the plant that is ingested (Malone and Pham-Delègue
2001). In Nigeria, no method has been developed to assess the impact of genetically
modified organisms on pollinators under natural conditions.

3.10 Fragmentation and Habitat Loss

Fragmentation and habitat loss are two types of disruption that have been recog-
nized as important factors in loss of biodiversity on a local as well as global scale.
Habitat loss refers to the loss of a natural environment arising from a primary
succession, i.e., a natural landscape. Fragmentation of a habitat refers to the
break-up of a habitat into fragments that are often too small to ensure the viability
of populations of all species. Pollinators and pollination-dependent plants are not
protected from this type of disruption (Kevan 2001). In Nigeria, the traditional land
tenure system in Nigeria coupled with increasing population encourages land
fragmentation with attendant consequences for agricultural productivity and polli-
nator loss. Beekeepers in Osun State, observed that major challenges include
pressures due to reduction in native vegetation area and indiscriminate pesticide
use. Land fragmentation has severe consequences for agricultural development; it
leads to scattering of plots, little incentive for improvements, lack of security of
tenure, restricted scale of operations (Idowu and Oladebo 1999). In spite of these
associated costs, land fragmentation is still persistent and wide spread in Nigerian
agricultural practice. Land fragmentation practices not only reduce natural and
semi-natural habitats, they also cause loss of diversity among cultivated plants,
further impoverishing the range of floral resources available to the natural polli-
nators in the area. Habitat fragmentation and loss affect pollinators in two ways.
First, they reduce the availability of the range of plants capable of meeting all food
needs throughout a season (Kearns and Inouye 1997). Loss of access to resources
could increase competition among local species for the limited resources. Secondly,
habitat loss could also disrupt nesting among a number of bee species that dig their
nests in burrows.
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3.11 Climate Change

According to some specialists, behavioral changes linked to the species’ physiology
have already been observed in some pollinators. Over the past two decades, British
butterflies have made their first appearance of the season earlier and earlier and the
peak period has also been brought forward. Similar changes have also been
observed in California’s butterflies (Forister and Shapiro 2003). The average period
for the first flight of 16 species studied tended to occur earlier. An average dif-
ference of 24 days for four of them represented a statistically significant trend. On
the other hand, seven species tended to appear later in the season. Different species
of pollinators are consequently going to react differently to climate change, which
will affect the diversity and abundance of their populations in varying degrees. In
terms of physiology, some factors like the photoperiod and temperature exert a
control on endocrine activity and can modify fertility, the mode and rate of
reproduction as well as the rate of development. These physiological reactions may
differ from one species to the next. The underlying causes for changes within a
pollinator community are therefore highly variable. Climate change and variability
from 1961 to 2010 and projections up to 2050 and its impacts on the oil palm leaf
miner—Coelaenomenodera elaeidis in Edo State, Nigeria has been evaluated
(Aneni et al. 2015). Currently, honey bee farmers in Nigeria, have observed low
yield and the crystallized honey combs in their hives (Centre for Bee Research and
Development (CEBRAD) 2016) which has been attributed to increased rainfall
intensity (scarcity period for honey bee activity) (Oyerinde et al. 2014). Information
gathered from this study indicates that there are limited published studies on pol-
linators and climate change interaction in Nigeria. However, it can largely be
deduced from other insect studies that climate change would have an impact on
insect pollinators in Nigeria.

4 Conclusion

4.1 Recommendations and Proposed Actions

The clear message of this study is that pollination is a key factor in agricultural
productivity and pollinators are essential in providing this service. Fears over
pollinators and pollination services continue to build up in the scientific and public
space. Therefore, there is the need to enhance local data for understanding the status
and trends of pollinators to sustainably manage pollination services. All stake-
holders need to ensure that pollination is well understood as a key limiting factor in
agricultural productivity and that steps are taken to manage it in sustainable ways
that maintain populations of pollinators and their habitats.
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4.2 Pollinator Gap Analysis

There is mismatch between government and local understanding of the problem of
pollination service loss and governance priorities. This points out that while larger
institutions can form the pillar for wider activities, practical measures need to be
adapted to facilitate rather than hinder local farmers. The insect pollination gap
analysis highlighting strengths and challenges in Nigeria is presented Table 1.

4.3 Pollinator Management

Pollinator management practices have been identified, to conserve and manage
pollinator populations. These practices not only benefit pollination ecosystem ser-
vices, but contribute to crop diversity (biodiversity), soil health and reduced pes-
ticide use. They include.

4.3.1 Reduced Pesticide Usage

Pest control practices such as Integrated Pest Management that enhances natural
pest controls reduce or eliminate the use of pesticides. At the same time, this greatly
benefits pollinators which may be heavily impacted by pesticides.

Table 1 Strengths and challenges in the management of insect pollination in Nigeria

Factors Strengths Challenges

Insect pollinators of major
crops

Insect pollinators of major crops
identified

Inadequate capacity for
appropriate management of
the pollinators

Potential drivers of
pollinator decline

Potential drivers of pollinator
decline defined

Limited knowledge on
drivers of pollinator
decline

Policy on pollinator
management

Progress in the development of
national policies on agriculture

Pollinators not taken into
account in existing
national policies

Coordination,
collaboration and
partnership

Formal and informal structures
for collaboration of relevant
sectors exist

Lack of mechanisms for
coordination and
collaboration among
relevant sectors

Human resource capacity
on pollinator management

National training institutions
available

Inadequate human resource
for pollinator management

Surveillance capacity for
pollinators

Relevant government
institutions available

Surveillance systems for
pollinator monitoring
generally absent

Laboratory capacity for
testing pollinator pesticide
lethal and sub-lethal levels

Reference laboratories that deal
with most chemicals identified
as being of major public concern
to pollinators available

Inadequate laboratory
equipment and essential
reagents
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4.3.2 Maintaining Hedgerows and Floral Diversity

Hedgerows provide habitat and forage resources for bees, and by diversifying the
floral resources, insect pollinators are encouraged to remain on-site even in the
following year. This also contributes to biodiversity conservation.

4.4 Proposed Actions

(a) Pollinators of major crops in Nigeria

– Develop regulations, guidelines and tools for the safe management of insect
pollinators

(b) Legislation and policy

– Develop comprehensive policies for an integrated approach to insect pol-
linators management using a life-cycle approach

(c) Coordination, collaboration and partnership

– Implement inter-sectoral coordination mechanisms for the safe management
of insect pollinators

– National multi-sectoral task forces that deal with issues related to crops and
the environment to include insect pollinators on their agenda

(d) Human resource capacity

– Develop training packages on pollinators that can be used to upgrade the
capacity and capability of farmers

(e) Surveillance capacity

– Enhance surveillance capacity for monitoring insect pollinators that could
have impact on agricultural production

– Foster inter-sectoral collaboration in the sharing of information and
surveillance data

(f) Laboratory capacity

– Develop at the minimum capability for laboratory analysis of lethal and
sub-lethal pesticide levels in insect pollinators.

Further scientific research is needed to inform policy decisions that are under-
pinned by sound scientific basis. These include:

1. Quantifying the abundance of pollinators in Nigeria and the risks associated
with the loss of pollination services.

2. Determine the economic value of pollinators for key crops.
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3. Establish the conservation status of insect pollinators.
4. Investigate the drivers of pollinator loss.
5. Investigate honeybee forage resources under global change scenarios (land use

change or climate change).
6. Detailed research on threats to honeybees in Nigeria.
7. Research alternative species of pollinators (other than the honeybee) for

potential managed pollination.
8. More standardized monitoring and documentation of the occurrence and

abundance of pollinators are needed to enable comprehensive assessment of
pollinator trends.

9. Developing excellence in pollinator taxonomy.
12. Identification of native pollinators for agricultural production.
11. Studying plant-pollinator relationships.
12. Protecting foraging sites and restoring degraded habitats.
13. Studies of pesticide impact and pathogens of wild insect pollinators.
14. Using the honey bee as a bio-indicator.

4.5 Priority Actions

The Sustainable Development Goals recognizes that biodiversity and ecosystem
services can play a role in poverty alleviation, and the need to integrate ecosystem
services such as pollination into food production. Priority actions include:

– Dissemination of this report to all relevant stakeholders.
– In-depth on-site evaluation of pollinator numbers and diversity in selected states

based on the findings of this report.
– Elaboration of a country 2017–2020 strategy for management of pollinators to

address the issues and challenges identified in this report.
– Development where and as necessary on the capacities required for pollinator

management.
– Development of a comprehensive training package for public agricultural pro-

fessionals on pollinator management, working in close collaboration with rel-
evant stakeholders.

– Provision of technical support to research institutions for the implementation,
monitoring and evaluation of the 2017–2020 country strategy after it is
developed.
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Annex 1: Essential Beekeeper Information and Mortality
Quantification

Respondent Information: Please fill out this Sect.

1. How many production colonies did you have on October 1st 2014?
In the next questions you are asked for numbers of colonies lost. Please con-
sider a colony as lost if it is dead, or reduced to a few hundred bees, or alive but
with unsolvable queen problems

2. How many of your production colonies were lost between October 1st 2014
and September 30th 2015

3. How many of your production colonies were lost between October 1st 2014
and September 30th 2015 without dead bees in the hive or in the apiary (bee
yard)?

4. How many of the production colonies were lost between October 1st 2014 and
September 30th 2015 because of queen problems (queenless or drone-laying
queen)?
Please answer the next 2 questions only if you bought, sold, united or split
colonies between October 1st 2014 and September 30th 2015

5. Between October 1st 2014 and September 30th 2015;
What was the reduction in total production colony numbers due to uniting/
merging?*
*eg two colonies united/merged together = loss of one colony

6. How many production colonies did you have on September 30th 2015?
Identification of Possible Risk Factors (If any)
In the next question, please TICK the alternatives that best answers your sit-
uation (you may tick more than one)

7. To what do you attribute the major cause of the death colonies in your oper-
ation (If observed)?
Don’t know…..
Starvation……..
oor queens…..
Disease…………
Others…………..
The next question is about the origin of your queens. Please choose the items
which describe your situation (you may tick more than one box).

8. What is the origin of your queens?

(a) Reared by the colony it self
(b) Reared from one of your own selected queens
(c) Acquired from a queen breeder
(d) Acquired for a queen breeder outside Nigeria

The next question is about queen problems, please don’t include normal
requeening (e.g. when the queen is old) in your answer.
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9. In how many of your colonies did you have to provide a new queen because of
queen problems last year?

10. In what months and year have you treated your colonies with a product for
disease condition during the period October 2014–September 2015?

11. How many of your colonies were contracted for pollination services last year?
12. How many of your colonies were moved for honey production last year?

Please choose the honey flow sources in the next question, which best describe
your situation

13. What percentage of combs did you replace in the majority of your production
colonies last year?

14. If you gave your colonies a supplemental sugar feed last year, what product was
used

(a) Honey
(b) Beet Sugar
(c) Inverted Beet Sugar Syrup
(d) High Fructose Corn Syrup (HFCS)
(e) Other product, namely

15. Have your colonies suffered any disturbance by

(a) Mice/rats
(b) Ants
(c) Squirrels
(d) Humans (vandalism, robbery)
(e) Other

Annex 2: Insect Pollination Management Survey

Respondent Information: Please fill out this section.
Name:
Phone number:
Email address:
Age: <21 21–30 31–40 41–50 >50
Gender:

1. Are you aware of research that has been conducted on the relative proportions of
crops
pollinated by various native and non-native pollinators?
___Yes ___No ___Uncertain
If yes, please provide a reference.

2. Do managed bees pollinate major crops in Nigeria?
___Yes ___No ___Uncertain
If yes, please list if known
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3. Have declines in honey bee populations been documented in Nigeria?
___Yes ___No ___Uncertain
If yes, please provide a reference.

4. Have declines in other pollinator (non-honey bee) populations been documented
in Nigeria?
_ __Yes ___No ___Uncertain
If yes, please provide a reference for the study or survey.

5. Please describe your expertise
___Agricultural policy
___scientist
___research
___Other (please specify)________________________________________
_________
Insect pollination in National-Level Policies and Programmes

6. To the extent of your knowledge, which, if any, Ministries have a formal insect
pollination policy, or include insect pollination considerations within their
national-level policies and/or programmes?

Ministry Yes No Unsure

Agriculture

Water Resources

Environment

Science and Technology

Lands and Housing

Education

Other

Other

Please provide any further information: _______________________________
______________

7. To the extent of your knowledge, Has the Federal Ministry of Agriculture
conducted cross-ministerial work, with any other Ministry, incorporating insect
pollination into national policies and programs?
Yes_______No_______Unsure_______
If yes, with which Ministry or Ministries? _________________________
___________________
Please provide any further information: ______________________________
_______________
_______________________________________________________________
_______________
_______________________________________________________________
_______________

Do you have a colleague whom the bearer should contact for this survey? Please
provide their information below.
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Name: __________________________________________________________
______________
Position: _________________________________________________________
_____________
Contact Information: ______________________________________________
______________
Thank you for taking time to complete this questionnaire. The information will help
prioritize research efforts on topics of benefit for insect pollination, beekeepers and
agricultural productivity.

Annex 3: Summary Bee Keeper’s Response B

A B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2670 0 0 0 0 – – A 75 0 0 0 25% ABE ABD

2 20 0 0 0 15 20 – A 0 0 0 0 – A AB

3 12 4 4 – – 8 – A 0 0 0 0 – 0 ABD

4 10 3 3 – – 7 A A 0 0 0 0 – 0 AD

5 14 4 4 – – 10 A A 0 0 0 0 – 0 B

6 44 4 4 – – 40 A A 0 0 0 0 – 0 B

7 5 1 0 – – – E A 0 0 0 0 – 0 AB

8 12 4 4 – – 8 E A 0 0 0 0 – 0 D

9 15 3 3 – – 12 A A 0 0 0 0 60% 0 AD

10 24 5 2 0 0 20 BCDE A 0 0 0 0 2% AC AD

11 40 10 5 – – 30 A A 0 0 0 0 – A D

12 4 1 1 – – 3 A A 0 0 0 0 – 0 D

13 27 8 4 – – 27 – A 0 0 0 0 – 0 D

14 82 6 2 – 46 82 E A 0 0 0 0 – 0 BD

15 14 6 4 – – 8 A A 0 0 0 0 – 0 D

16 9 2 2 – – 7 A – 0 0 0 0 55% 0 B

17 15 6 6 – – 9 A A 0 0 0 0 55% 0 AB

18 18 18 17 – – 1 – A 0 0 0 0 – 0 D

19 20 2 2 – – 18 A A 0 0 0 0 60% 0 D

20 300 5 10 – 55 210 D A 5 June
&
July

8 150 – A ABD

21 40 – – – – – A A 0 0 0 0 – 0 AB

22 10 – – – – 10 – A 0 0 0 0 60% 0 B

23 22 – – – – 20 – A 0 0 0 0 – A AE

24 100 – – – – 100 A A & B 0 0 0 0 – B BC

25 20 3 – 1 0 – C A 0 0 0 0 – 0 BC

26 43 15 15 – – 28 A A 0 0 0 0 – 0 B

(continued)
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(continued)

A B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

27 5 1 1 – – – A A 0 0 0 0 55% 0 B

28 35 10 10 – – 25 A A 0 0 0 0 – 0 B

29 30 10 10 – – 20 – A 0 0 0 0 – 0 E

30 17 2 2 – – 15 A A 0 0 0 0 – 0 B

31 53 9 9 – – 44 – A 0 0 0 0 – 0 ABC

A - Respondents
B - Response to questions (Annex 1)

Annex 4: Summary Response for Researchers

Questions Yes No Uncertain

Are you aware of research that has been conducted on the relative
proportions of crops pollinated by various native and non-native
pollinators?

2 2 4

Do managed bees pollinate major crops in Nigeria? 2 2 4

Have declines in honey bee populations been documented in
Nigeria?

0 1 7

Have declines in other pollinator (non-honey bee) populations
been documented in Nigeria?

0 1 7

To the extent of your knowledge, which, if any, Ministries have a
formal insect pollination policy, or include insect pollination
considerations within their national-level policies and/or
programmes?

1 3 4

To the extent of your knowledge, Has the Federal Ministry of
Agriculture conducted cross-ministerial work, with any other
Ministry, incorporating insect pollination into national policies
and programs?

0 2 5

Annex 5: Summary Response for Government Officials

Questions Yes No Uncertain

Are you aware of research that has been conducted on the relative
proportions of crops pollinated by various native and non-native
pollinators?

2 4 6

Do managed bees pollinate major crops in Nigeria? 3 2 7

Have declines in honey bee populations been documented in
Nigeria?

0 2 10

(continued)
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(continued)

Questions Yes No Uncertain

Have declines in other pollinator (non-honey bee) populations
been documented in Nigeria?

0 3 9

To the extent of your knowledge, which, if any, Ministries have a
formal insect pollination policy, or include insect pollination
considerations within their national-level policies and/or
programmes?

1 7 4

To the extent of your knowledge, Has the Federal Ministry of
Agriculture conducted cross-ministerial work, with any other
Ministry, incorporating insect pollination into national policies
and programs?

0 5 7

Glossary
Beekeeping
The husbandry of bees, especially honeybees (the genus Apis) but can be applied to
other bees.

Biodiversity
Short for “Biological diversity” which is the variety of life on Earth. The variability
among living organisms from all sources including terrestrial, marine and other
aquatic ecosystems and the ecological complexes of which they are a part; this
includes diversity within species, between species and of ecosystems.
Diversity
The condition of having or comprising differing elements or qualities (peoples,
organisms, methodologies, organizations, viewpoints, etc.).
Drivers, direct
Drivers (both natural and anthropogenic) that operate directly on nature (sometimes
also called pressures).
Drivers, indirect
Drivers, that operates by altering the level or rate of change of one or more direct
drivers.
Drivers, institutions and governance and other indirect
The way in which societies organize themselves. They are the underlying causes of
environmental change that are external (exogenous) to the ecosystem in question.
Drivers, natural direct
Direct drivers that are not the result of human activities and are beyond human
control.
Economic value
A measure of the benefit provided by a good or service to an economic agent (e.g.
buyer or seller). It is not necessarily the same as market value. It is generally
measured by units of currency, and can be interpreted to mean the maximum
amount of money a specific actor is willing and able to accept or pay for the good or
service.
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Ecosystem
A community of living organisms (plants, animals, fungi and microbes) in con-
junction with the nonliving components of their environment (such as energy, air,
water and mineral soil), all interact as a system.
Ecosystem services
A service that is provided by an ecosystem as an intrinsic property of its func-
tionality (e.g. pollination, nutrient cycling, Nitrogen fixation, fruit and seed dis-
persal). The benefits (and occasionally disbenefits) that people obtain from
ecosystems. These include provisioning services such as food and water; regulating
services such as flood and disease control; and cultural services such as recreation
and sense of place. In the original definition of the Millennium Ecosystem
Assessment the concept of “ecosystem goods and services” is synonymous with
ecosystem services. Other approaches distinguish “final ecosystem services” that
directly deliver welfare gains and/or losses to people through goods from this
general term that includes the whole pathway from ecological processes through to
final ecosystem services, goods and values to humans.
Farm
An area of land, a holding of any size from a small plot or garden (fractions of a
hectare) to several thousand hectares, that is devoted primarily to agriculture or an
area of water that is devoted primarily to aquaculture, to produce food, fibre, or fuel.
A farm may be owned and operated by an individual, family, community, corpo-
ration or a company, may produce one to many types of produce.
Field
In agriculture, it is a defined area of cleared enclosed land used for cultivation or
pasture.
Flowering plant
Plants that are characterized by producing flowers, even if inconspicuous. They are
collectively called angiosperms and include most plants grown for food and fibre.
Food Security
The World Food Summit of 1996 defined food security as existing “when all people
at all times have access to sufficient, safe, nutritious food to maintain a healthy and
active life”.
Global
Pertaining to the whole world.
Governance
All processes of governing, whether undertaken by a government, market or net-
work, whether over a family, tribe, formal or informal organization or territory and
whether through laws, norms, power or language. It relates to the processes of
interaction and decision-making among the actors involved in a collective problem
that lead to the creation, reinforcement, or reproduction of social norms and
institutions.
Habitat fragmentation
A general term describing the set of processes by which habitat loss results in the
division of continuous habitats into a greater number of smaller patches of lesser
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total and isolated from each other by a matrix of dissimilar habitats. Habitat frag-
mentation may occur through natural processes (e.g. forest and grassland fires,
flooding) and through human activities (forestry, agriculture, urbanization).
Insecticide
A substance that kills insects. Insecticides may be synthetic chemicals, natural
chemicals, or biological agents.
Introduced pollinator
A pollinator species living outside its native distributional range.
Invasive species
A species, that once it has been introduced outside its native distributional range,
has a tendency to spread over space without direct human assistance.
IPM (integrated pest management)
It is a broadly based approach that integrates various practices for economic control
of pests (q.v.). IPM aims to suppress pest populations below the economic injury
level (EIL) (i.e. to below the level that the costs of further control outweigh the
benefits derived). It involves careful consideration of all available pest control
techniques and then integration of appropriate measures to discourage development
of pest populations while keeping pesticides and other interventions to economi-
cally justifiable levels with minimal risks to human health and the environment.
IPM emphasizes the growth of a healthy crop with the least possible disruption to
agro-ecosystems and encourages natural pest control mechanisms.
Mitigation
Lessening the force or intensity of something that can result in disbenefits.
National
Pertaining to a nation state or people who define themselves as a nation. A nation
can be thought of as a large number of people associated with a particular territory
and who are sufficiently conscious of their unity to seek or to possess a government
peculiarly its own.
Native pollinator
A pollinator species living in an area where it evolved, or dispersed without human
intervention.
Parasite
An organism that lives on or within another organism of a different species (the
host) from which it obtains nourishment and to which it causes harm.
Pest
An animal, plant, fungus, or other organism that thrives in places where it is not
wanted by people, e.g. in fields, with livestock, in forests, gardens, etc.
Pollination
The transfer of pollen from an anther to a stigma. Pollination may occur within
flowers of the same plant, between flowers of the same plant, or between flowers of
different plants (or combinations thereof). Although pollination is a precursor to
plant sexual reproduction, it does not assure same.
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Pollinator
An agent that transports pollen. Such agents may be animals of many kinds or
physical (wind or water), or both.
Pollinator decline
Decrease in abundance or diversity, or both, of pollinators.
Uncertainty
Any situation in which the current state of knowledge is such that (1) the order or
nature of things is unknown, (2) the consequences, extent, or magnitude of cir-
cumstances, conditions, or events is unpredictable, and (3) credible probabilities to
possible outcomes cannot be assigned.
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Promoting Circular Economy Through
Sustainable Agriculture in Hidalgo:
Recycling of Agro-Industrial Waste
for Production of High Nutritional
Native Mushrooms

María Virginia Ozcariz-Fermoselle, Gabriela de Vega-Luttmann,
Fernando de Jesús Lugo-Monter, Cristina Galhano
and Oscar Arce-Cervantes

Abstract The effect of climate change on agriculture and its implications on food
security are demanding topics. It is crucial to convert the existing methods of food
production into a more sustainable, resilient and productive agriculture. Reduction
of food loss and waste will improve the efficiency of the food system, and simul-
taneously it will reduce the pressure put on natural resources and diminish the
greenhouse gases emissions. This project aims to assess the potential use of
agribusiness waste as a substrate for cultivation of Pleurotus spp., in order to
contribute to the development of a more sustainable agriculture practices while
promoting local development. The principles of Circular Economy are being
applied to the most representative lignocellulosic waste of the Hidalgo State: pecan
nutshell (PS), agave bagasse (AB), pine needles (PN), tamal leaves (TL) and coffee
pulp (CP). It was studied the potential of these wasted plant material as substrates to
grow mushrooms, of ten native Pleurotus spp. strains, with high nutritional value
(seven Pleurotus ostreatus strains, one Pleurotus eryngii strain, one Pleurotus
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djamor strain and one Pleurotus opuntiae strain). In order to evaluate the different
waste usefulness in mushroom’s growth, radial growth rate of the ten strains was
assessed. Generally, the agave bagasse substrate promoted the highest growth rate.
All Pleurotus spp. strains had slowest growth in control medium, PDA, due to the
lack of lignocellulosic compounds.

Keywords Agro-industrial waste � Circular economy � Pleurotus spp
Sustainable agriculture

1 Introduction

Food security, sustainable development and poverty eradication are goals largely
threatened by climate change, a global situation chiefly caused by the greenhouse
gas emissions produced by human activities (FAO 2017). On the other hand, cli-
mate change is responsible for changes in function and composition of ecosystems,
including agroecosystems. Consequently, agricultural practices have also been
adapted to conditions resulted from climate change, seeking for alternatives for
sufficient food production (FAO 2017).

It is expected that by 2050, the global population will be 50% larger than at
present. Hence, to achieve the desired global political and social stability, further
increases in agricultural yields are essential. Nevertheless, those yield increases are
often based on the simplification of agroecosystems caused by the intensification of
agricultural practices, which may affect important ecosystem functions via the loss
of biodiversity. For example plant growth, pest control, pollination and decom-
position processes. Together with global climate change and over-population, new
challenging targets and refreshing prospects are expected from industrial and
environmental biotechnology, in terms of impact, mitigation and adaptation
strategies. The impacts of such environmental and societal pressures reflect on
agriculture, land-use and water supply and, consequently, on the availability of
food, energy and fresh water. Adaptation strategies may rely on the exploitation of
alternative food products. Contributions to mitigation of the stressors can arise in
the form of new or improved biomass conversion and renewable energies, carbon
and greenhouse gas sequestration measures, and more effective waste management
options (Orgiazzi et al. 2016).

Agribusiness activities produce tons of waste that can be valued by assigning
them to other purposes; those byproducts can be used to produce other products
with social, economic, or environmental value (Saval 2012). In fact, the use of
natural resources should cause the least possible environmental impacts. To mini-
mize those impacts, waste must not be immediately considered as waste, but as a
potential source of essential environmental services (Smil 1999; Santana-Méridas
et al. 2012).
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Sustainability as a concept integrates social development, economic growth and
environmental care (Roseland 2000). Considering this point of view, environmental
care must provide knowledge regarding species interaction.

The United Nations Environment Programme (UNEP 1995) estimated that
low-income countries burn approximately 25% of all waste. Considerable amounts
of unused lignocellulosic by–products are available in tropical and subtropical
areas. These by–products are left to rot in the field or incinerated. Nevertheless,
their use as nutrient essential sources for fungal (e.g. Pleurotus genus) biomass
growing, a bioconversion process, offers an opportunity to contribute to circular
economy (Akyuz and Kirbag 2009; Madigan et al 1997). In fact, mushroom cul-
tivation using locally available technologies may be a solution to convert these
inedible wastes into a highly valued edible biomass (Tesfaw et al. 2015).

Annually, Mexico produces nearly 3,901,146.63 ton of lignocellulosic matter.
Every kilogram of burned lignocellulosic matter releases 2 kg of carbon dioxide
(CO2). This gas, among many other greenhouse gases, is responsible for most of the
impact on Earth’s climate (Chauhan et al. 2005). It is known that carbon dioxide is
the most potent switch controlling the greenhouse effect, and that CO2 abundance
determines the amount of water vapor in the atmosphere, making it responsible for
more than 60% of the greenhouse effect.

Diverse Mexican industries (e.g. production of coffee, tequila, pecan nut, and
woodcutting) produce ton of lignocellulosic by-products. Most of them are dis-
carded or burned, generating carbon dioxide and nitrous oxide emissions, both
substances contributing to greenhouse effect.

In order to avoid those source of greenhouse gases emissions, some strategies
were proposed to break the chain of linear economy and start implementing circular
economy systems, based on optimization of stocks and the flow of materials, energy
and waste, in order to use resources more efficiently (MacArthur 2013; Bicket et al.
2014).

2 Pecan Nutshell (Carya Illinoinensis)

Mexico is the second world producer of pecan nut, generating over 79,000 ton
(Camacho 2012). In 2012, the State of Hidalgo produced 2,751.05 ton of nuts, of
which 97.9% was pecan nut (Fig. 1). In 2014, production increased to 2,929.92 ton
(SIAP, 2014). Current practices exploit only *50% of the product’s weight, the
other *50% is nutshell (Frusso 2007), reaching 1,346.63 ton in 2012. This kind of
by–product is usually wasted, harming the environment. For example, in the
municipality of Atotonilco el Grande, nutshell is discarded with trash, disposed
over public grounds, hindering the growth of local vegetation (Fig. 2), or burned,
releasing two kilograms of CO2 for each kilogram of lignocellulosic matter.
Nevertheless, this waste has bioactive products such as poly and monomeric phe-
nols and its potential as biofungicide was already mentioned (Santana-Méridas et al.
2012).
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3 Agave Bagasse (Agave Tequilana Weber)

Blue agave, Agave tequilana, is widely cultivated through Mexico for tequila
production, a traditional a spirituous drink, made from the plant’s “heart”. Yearly,
100,000 ton of agave bagasse (Fig. 3), a type of lignocellulosic waste, was gen-
erated during tequila production, which was mostly used as compost
(Abreu-Sherrer 2013; Saucedo-Luna et al. 2010). This type of bagasse contains
cellulose, hemicellulose and lignin at 65, 5.5 and 17%, respectively
(Quintana-Vega, 2014). Approximately 232,000 ton of agave was processed in
2016, providing a total of 93,000 ton of bagasse (El informador, 2016).

3.1 Pine Needles (Pinus Pseudostrobus)

Pine needles are scarcely used for craftsmanship (Fig. 4). In the forest, pine needles
take a long time to decompose, prevent the sun to reach ground plants, increase soil
acidity, and are highly inflammable, representing an important fire threat
(Córdova-Ordóñez 2009). There are big volumes of pine needles in the forests in
the State of Hidalgo, without any law or rule currently controlling its management.

Fig. 1 A vending stall for pecan nut in Tula de Allende, Hidalgo, Mexico
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3.2 Tamale Leaves

For Mexicans, maize (or corn) is an important part of daily life, ubiquitous in
traditions and cultural roots. One of the most important crops in the country, maize
is also integrated into Mexican identity. Even nowadays, despite one third of the
production is being exported due to internal economy, maize harvesting is still a
cultural symbol in rural communities, since food security relies on it. In 2014,
Mexico reached the sixth place in global production of corn, with 23,273,256.54
ton (SIAP 2014), from which 70,000 ton were corn husk, also known as “toto-
moxtle” (Fig. 5). A minimal amount of this waste is used for construction, orna-
mental, or gastronomic purposes. Regarding cuisine, corn husks are used for

Fig. 2 Pecan nutshell discarded in Atotonilco el Grande, Hidalgo, Mexico
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wrapping tamales, a traditional dish. However, once consumed, the tamale leaf, is
discarded once again. The tamale leaves contains 78.86% cellulose (Prado–
Martínez 2012).

Fig. 3 Residual fiber, commonly known as bagasse, after agave juice extraction, Rudio Distiller,
Jalisco, Mexico

Fig. 4 Pine needle residues accumulated near a residential hill in Tulancingo, Hidalgo, Mexico
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3.3 Coffee Pulp

Coffee pulp is a by-product of the production of coffee beans (Fig. 6). Pulp rep-
resents approximately 40% of the weight in coffee cherries (Olivares et al. 1990).
During 2016–2017 México produced 9,342,000 ton of coffee, also generating
3,736,800 ton of pulp. Coffee pulp contains 63% cellulose, 2.3% hemicellulose, and

Fig. 5 Tamale leaves (corn husks) discarded in a dumpster at Tulancingo, Hidalgo, Mexico

Fig. 6 Coffee pulp piled at
the countryside, Hidalgo,
Mexico
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17.5% lignin (Murthy and Naidu, 2012). Furthermore, coffee pulp has bioactive
compounds as caffeine and chlorogenic acid, having also been pointed out its
allelopathic characteristics (Santana-Méridas et al. 2012).

The main goal of this work was to evaluate the potential use of the most
representative lignocellulosic waste of the Hidalgo State (pecan nutshell, agave
bagasse, pine needles, tamal leaves, and coffee pulp) as substrates for cultivation of
ten native strains of Pleurotus spp. with high nutritional value, in order to contribute
to a more sustainable agriculture and promote local development applying the
Circular Economy principles.

4 Materials and Methods

4.1 Pleurotus Strains Propagation and Storage

The ten native Pleurotus strains (seven strains of Pleurotus ostreatus, one of
Pleurotus eryngii, one of Pleurotus djamor and one of Pleurotus opuntiae) used in
this study were obtained from the Instituto de Ciencias Básicas e Ingeniería (ICBI)
of Universidad Autónoma del Estado de Hidalgo (UAEH) collection. Mycelium
from each strain was inoculated in Petri dishes with potato dextrose agar
(PDA) culture medium for propagation and storage. Firstly, culture media was
prepared and sterilized in Erlenmeyer flasks for 15 min, at 15 lb/in2 and 121 °C, in
an autoclave. After being distributed through Petri dishes, PDA was inoculated with
fungi strain samples, and Petri dishes were incubated at 21 ± 2 °C, for 21 days
before being used. Each used strain was also stored in Petri dishes, at 4 °C.

4.2 Lignocellulosic Waste Selection and Preparation to Be
Used as Pleurotus Strains Growth Substrate

The waste selection criteria to be used as substrate for mushroom growth were
based on those previously pointed out by Saval (2012). The main waste component:
(a) should be usable as solid state fermentation (SSF) substrate for saprophytic
mushrooms grow; (b) should have local and sufficient availability; (c) should not
have other applications or uses competing with the intended process; (d) should not
require extra treatment to be use or, if necessary, should be simple and cheap.

Based on these criteria the selected waste studied as potential mushroom growth
substrate were: pecan nutshell (PS), Agave tequilana bagasse (AB),
Pinus pseudostrobus needle (PN), tamale leaf (TL), and coffee pulp (CP).

Pecan nutshells were kindly provided by a nut processing company from the
region of the Biosphere Reservation “Barranca de metztitlán”; Agave tequilana
bagasse was provided by a company from Tequila, Jalisco; Pinus pseudostrobus
needles were collected from the ICAp garden in Tulancingo; tamale leaves were
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offered by the ICAp cafeteria in Tulancingo. Coffee pulp was provided by coffee
producers from Huejutla de Reyes, Hidalgo.

Before being used in growth mushroom experiments, these waste were firstly
pulverized, using a manual mill and then sieved through a 35 mesh.

4.3 Evaluation of Lignocellulosic Waste as Pleurotus
Spp. Strains Growth Substrates

To study the potential cultivation use of the five previously referred most Hidalgo
State, representative lignocellulosic waste as substrates for ten native Pleurotus
spp. strains, it was used the following described methodology.

For each individual waste (treatment), firstly, 25 g of waste prepared as substrate
(as described above) were added for each liter of prepared PDA growth medium.
PDA medium without any added waste was used as control.

Ten groups of Petri dishes for each of the five waste prepared culture growth
media and control were separated and labeled for each of the 10 Pleurotus strains:
six P. ostreatus strains, labeled as PL10, Leb, Gris, B2, BPR2 and P07; one
Pleurotus sp. strain native of the Tlanchinol region, labeled as PT; one P. eryngii
strain, labeled as PE; one P. opuntiae strain, labeled as PM1; and P. djamor labeled
as SMR.

The center of each Petri dish was inoculated with a micelial area of 1 mm2.
Then, three straight lines (A, B, C) were drawn, at 60°, intersecting at the inocu-
lation center (Imtiaj et al. 2009). Petri dishes were incubated at 25 °C, in absolute
darkness. Radial mycelium growth rate on solid media was measured daily, for
21 days. Growth was measured as the mean of mycelium extension over lines A, B,
C (Fig. 7). Growth rate was measured over a distance of 80 mm covered by

Fig. 7 Petri dish prepared for
mycelium growth
measurement
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mycelia, divided by mean days of invasion. Five replicates were made for each
treatment and control.

4.4 Data Analysis

First, the assumptions of independence, normality and homoscedasticity were tested
for the studied variables. Secondly, given that the data structure comply with
normality criteria, ANOVA was used to evaluate a mycelial growth rate, which
were represented in terms of mean ± standard error of the realized tests. Significant
differences between formulations were determined by paired student-t test
(LSD) with a = 0.05.

5 Results and Discussion

5.1 Evaluation of Lignocellulosic Waste as Pleurotus
Spp. Strains Growth Substrates

A general view of the experiment can be seen in Fig. 8.
The growth rate for every combination of strains in each waste substrate is

analyzed. It is evident that the best result was obtained in the medium with AB
waste as substrate, and being the control medium, PDA, where the lowest growth
was registered (Fig. 9).

This study showed that all mushroom strains grew slower in control, PDA
media, than in any of the waste treatment media (Fig. 10). Strains PL10, Leb, Gris,
B2, BPR3, P07, PE, and SMR grew faster in Agave tequilana bagasse
(AB) substrate medium, while strains PT and PM1 grew faster in
Pinus pseudostrobus needle (PN) substrate medium (Fig. 10).

Fig. 8 Petri dishes grouped by mushroom strains, for mycelium growth measurement in six
different waste media
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A significant difference of growth was found between PDA and the other five
substrates in strains Leb (7–9 days in AB, CP, PS, PN and TL; <21 days in PDA),
P07 (8–11 days in AB, PN, CP, PS and TL; <21 days in PDA), PT (10–12 days in
PN, PS, AB, TL y CP; <21 days in PDA), and PE (8–11 days in AB, PS, PN, CP
and TL; <21 days in PDA).

The results suggest that growth can be stimulated by the addition of lignocel-
lulosic waste as SSF substrates to growth medium. Gris strain showed similar
growth rates in all treatments (7 days in AB and CP; 8 days in PS, PN and TL;
9 days in PDA). This could be explained by a complete domestication of the Gris
strain, adapting it to commercial growth media, or because the strain is not affected
by these studied lignocellulosic substrates.

Agave bagasse can be considered the best substrate, in combination with PDA
growth media, for mycelium production in Petri dishes. Nevertheless, since bagasse
must be acquired outside the Hidalgo State, a better option could be the use of pine
needles, as this waste is easily obtained and it is a low cost option. Tamale leaf can
be considered a second option, as it requires collecting and separating trash, with an
intermediate washing step. Moreover, pecan nutshell and coffee pulp can be con-
sidered as good options in regions where they are easily acquired. Besides that, the
SSF is able to produce bioactive compounds from agricultural waste
(Santana-Méridas et al. 2012).

The results showed that it is possible to use the studied lignocellulosic waste as
substrates to add to PDA, for mycelium producing in Petri dishes, at a quick rate. It

Fig. 9 Mycelium growth rate
of the 10 Pleurotus strains
studied using different waste
substrates. PS—pecan
nutshell; AB - Agave
tequilana bagasse; PN—
Pinus pseudostrobus needle;
TL—tamale leaf; CP—coffee
pulp; PDA—Control. Letters
above boxes group data by
statistically different means
(P < 0.05)

Promoting Circular Economy Through Sustainable Agriculture … 465

pcastro@ci.uc.pt



Fig. 10 Mycelium radial growth (mm) for all the mushroom strains cultivated under different
waste substrates. a PL10 strain; b Leb strain; c Gris strain; d B2 strain; e BPR2 strain; f P07 strain;
g PT strain; h PE strain; i PM1 strain; and j SMR strain
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seems that for Gris strain growing, there is no need to add lignocellulosic substrates,
PDA media is enough. On the other hand, the growth of PT and PM1 strains, both
recently isolated from natural sources, is better when lignocellulosic compounds are
added to PDA culture medium. Thus, it is possible to grow recently isolated strains
under a laboratory setting using growth media complemented with lignocellulosic
matter.

Thus, in this study it is pointed out a sustainable method for production of a high
economic and healthy food product, contributing to boost Circular Economy at
local level, enhancing simultaneously plant growth which will sequester carbon
dioxide.

There is already a case of success in Mexico, at Las Vigas de Ramírez, in
Veracruz State. A group of farmer women are producing edible mushrooms using
agro-industrial waste (Mata et al. 2013).

Moreover, the microorganisms as SSF play a very important role in climate
change, as there is a bioconversion of lignocellulosic waste, contributing to food
production and simultaneously to CO2, CH4 and nitrogen, consumption, stabilizing
climate change impacts (Chatzipavlidis et al. 2013).

In the future, it is very likely that new microbial strains will be developed
offering a potential solution to problems related to food shortage. Besides that,
taking into account the controversies that exist around the application of biotech-
nology in agriculture, there is a strong pressure and incentive to use natural bio-
diversity to meet the ever-growing consumer demands for such products in our
increasingly environmentally focused society (Orgiazzi et al. 2016).

6 Conclusion

The five studied waste can be considered as sustainable alternatives to be used as
growth media additives for Pleurotus spp. production, as this high nutritional value
mushroom genus has high adaptability to grow on lignocellulosic materials.

Therefore, the use of lignocellulosic waste in this type of mycelium production
can prevent the greenhouse gas emissions which will be produced by incineration
of this kind of waste. Besides that, the removal of waste from the natural envi-
ronment allows other plant species to grow, increasing CO2 fixation and increase
microorganism’s biodiversity.
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People and Parks: On the Relationship
Between Community Development
and Nature Conservation Amid Climate
Change in South-Eastern Zimbabwe

Wedzerai Chiedza Mandudzo

Abstract Wildlife conservation is a topic that has captured public imagination in
both developed and developing nations. This is evident by the creation and estab-
lishment of protected areas such as national parks and trans-boundary protected
areas. In addition to their fundamental role of protecting natural resources, protected
areas largely have the vital task of supporting tourism and socio-economic devel-
opment of local communities. However, with the establishment of protected areas,
the concept of communities’ dependence on natural resources has been ignored and
protection of biodiversity taken precedence. Consequently, the prioritization of
conservation over livelihoods has led to the widespread notion that conservation is a
threat to development. Conservationists, on the other hand, assert that the onslaught
of development is dependent on the same resources it threatens. This study evaluates
the relationship between community development and nature conservation efforts
among the Chitsa community and Gonarezhou National Park (GNP) in
South-Eastern Zimbabwe amid climate change. In order to achieve the aim of the
study, critical ethnography was employed, and utilized semi-structured interviews,
focus group discussions and life histories as data collection methods. Findings of the
study reveal that nature conservation and community development have long rep-
resented contrasts in both research and practice. Of significance are imbalances that
favour analyses and prioritization of nature conservation over community devel-
opment outcomes supported by natural resources in resource dependent communi-
ties. It appears that nature conservation focuses on the strict protection of natural
resources and ignores aspects of social and political processes involved in it hence it
limits the people’s ability too adapt to climate change.

W. C. Mandudzo (&)
Department of Anthropology and Archaeology, Faculty of Humanities,
University of Pretoria, Pretoria, South Africa
e-mail: wedzemandudzo@gmail.com

© Springer Nature Switzerland AG 2019
P. Castro et al. (eds.), Climate Change-Resilient Agriculture and Agroforestry,
Climate Change Management, https://doi.org/10.1007/978-3-319-75004-0_27

471

pcastro@ci.uc.pt

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75004-0_27&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75004-0_27&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75004-0_27&amp;domain=pdf
mailto:wedzemandudzo@gmail.com
https://doi.org/10.1007/978-3-319-75004-0_27


1 Introduction

Throughout the world, biodiversity conservation has attracted much attention in
many countries. This is evident by the creation and continued establishment of
protected areas such as national parks and trans-boundary protected areas;
Zimbabwe is no exception to this. Since the dawn of mankind, a number of
communities have lived adjacent to or within protected areas and rely on natural
resources for various purposes such as food, trade, medicine and building materials.
However, with the establishment of protected areas, the theory of communities’
dependence on natural resources has been disregarded and the protection of bio-
diversity has become dominant. Consequently, the prioritization of conservation
over livelihoods has led to the widespread notion that conservation is a threat to
development (Colchester 2004; Boonzaaier and Wilson 2011; Van der Duim 2011).
Conservationists, on the other hand, assert that the onslaught of development is
dependent on the same resources it threatens (Miller et al. 2011; Dowie 2009).
Accordingly, community development and nature conservation ideologies have
been presented as distant cousins.

With the establishment of protected areas, human occupancy in parks was seen
as a hindrance to conservation (Nelson 2008; Sanderson and Redford 2003).
Nevertheless, considering the interconnection between human population and
environment, separating conservation and community development was and is not
feasible (Van der Duim 2011; Colchester 2004). These poor results can be attrib-
uted to top down approaches have been adopted by conservationists and the
exclusion of indigenous communities in decision-making, management and uti-
lization of natural resources within their locale. The question of whether community
development and nature conservation are compatible has been a focus of debates on
sustainable development and biodiversity conservation in the South (Duffy 2000;
Neumann 1998). Environmentalists assume that community development is not
compatible with conservation; this stems from the idea that objectives of commu-
nity development and nature conservation are different. According to the United
Nations Conference on Environment and Development UNCED held in Rio de
Janeiro in 1992 there is a shift on how natural resources are viewed and valued
between developed (Northern Hemisphere) and less developed (Southern hemi-
sphere) nations. Developed nations’ leaders assumed that development in its forms
is not compatible with conservation and less developed nations’ leaders argued that
conservation is a luxury unaffordable to them since it prevents development. These
differences also help explain the ‘blame game’ in development-conservation nexus.
Besides increasing interest to link conservation with the lives of communities living
in or adjacent to protected areas, little attempt has been made to assess the link
between these two dichotomies (Coria and Calfucura 2012; Van der Duim 2011).

The herein presented study sought to:
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2 Objectives

1. To examine and describe the history of both Chitsa community and Gonarezhou
National Park in order to identify the key factors that shaped the interaction
between “people and parks” in Gonarezhou national park.

2. To identify the power relations that shapes the relationship and alleged conflict
between the Chitsa community, the Gonarezhou Park’s management, the
Zimbabwean Government and other stakeholders

3 Background to the Study

Compatibility of community development and nature conservation in Zimbabwe is
an area that has not been prioritized. Yet, the interrelationship between wildlife and
human population is so intricate. The socio-economic well-being of humans
depends on good management of wildlife, their ability to adapt to climatic changes
and other natural resources in national parks of the world and vice versa (Burnham
2000; Colchester 2004; Gandiwa et al. 2011; Romero et al. 2012; Diam et al. 2012).
This means that protected areas have long been realized as the most important
means of conserving wildlife and biodiversity but they are characterized by tension
between wilderness preservation, tourism, climate change adaptation and commu-
nity development. Balancing community development, rural livelihoods and nature
conservation is one of the greatest challenges being faced in Africa in the 21st
century (Van der Duim 2011; Boonzaaier and Wilson 2011).

In as much as it is acknowledged that poverty and biodiversity loss are linked
and should be treated together, there is a huge debate about the success of com-
munity based approaches to conservation (Adams et al. 2004). This debate stems
from the fact that realization of strategies and objectives of community develop-
ment, conservation and tourism leads to interference between wildlife and human
populations living within or adjacent to such parks. Mombeshora and Le Bel (2009)
asserts that history of most national parks are characterized by conflicts between
local communities and institutions that are trying to bring the concepts of com-
munity development and nature conservation to fruition. The causes of these
conflicts can be attributed to the establishment of these parks based on American
romanticism whereby indigenous people were not consulted. This has caused
problems in the implementation of conservation strategies, utilization and man-
agement of natural resources.

The other problem that surrounds the relationship of conservation and devel-
opment is that both concepts are used in different ways and they depict different
meanings (Campbell et al. 2010; Miller et al. 2011). The conflict between these two
emanates from the “general conservationist view” that large conservation areas such
as transfrontier parks should embody the notion of “wilderness”, that is, an area in
which, except for employees and tourists, humans should be absent (Twyman
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2001). However, while conservationists try to preserve and protect natural
resources, development practitioners on the other hand vye for the sustainable use
of these resources by indigenous communities. This diverge can also be attributed
to the lack of harmony between community development and conservation (Miller
et al. 2011; Brandon 2002; Schwartzman et al. 2000).

In Zimbabwe one of the strategies that have been adopted as a bridge between
conservation and development is Communal Areas Management Program for
Indigenous Resources (CAMPFIRE). CAMPFIRE was established in 1989 under
the direction and sponsorship of Zimbabwe s Department of National Parks And
Wildlife Management (Logan and Moseley 2002; Frost and Bond 2008). However,
it was noted to have failed due to political situation in Zimbabwe, withdrawal by
donors and the imbalance of CAMPFIRE objectives between ecology and poverty
eradication (Wolmer 2003; Logan and Moseley 2002). This study is important in
the body of knowledge because it provides an insight into the realities of the
interaction between wildlife and people in Gonarezhou National Park given that
there is a community residing inside the park (Chitsa community). The study sought
to understand if community development can be a panacea for conservation and
conservation a panacea for community development. An assessment was done on
whether conservation-community development initiatives are not money making
initiatives under the guise of nature conservation, community development and
tourism. The quest for an understanding of the nature of interconnectedness of
everything in conservation and development attracted attention. The investigation
on the gaps between community development and conservation and possible
solutions to marry them into practice lies at the bottom of this research.

3.1 Setting the Research in Context: Origins of GNP
and Chitsa Community Interactions

Pre-colonial Africa has often been depicted as a land of “uncivilized warring
savages in loin cloths and spears with no knowledge of the environment or insight
into its sustainable use” (DeGeorges and Kevin 2008; Van der Duim 2011). During
this period, it was believed that Europeans were required with their ‘modern’
wildlife practices and administrative structures to bring about conservation and
sustainable use of natural resources. It can, however, be argued that colonialism and
independence have hindered the evolution of traditional resource management
systems, ignored them and in some instances, killed them (DeGeorges and Kevin
2008). Understanding the history of the establishment of GNP and its interaction
with indigenous people in South-Eastern Zimbabwe helps in sparking debate and
revolutionizing the community development and nature conservation thinking
relationship in the 21st century.

GNP has beautiful scenery that is interspaced with numerous rivers, the largest
of which are Mwenezi, Runde and Save. There are also several kopjes that cap the
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beauty of the park. Wolmer (2007) stated that ‘humans and their changing envi-
ronments are reciprocally inscribed in cosmological ideas and cultural indulgence:
the forest is the people, in the same way that ancestors can be, in a sense, extensions
of the living. Therefore, like the rest of Zimbabwean people, the Chitsa people
regard nature and themselves as inseparable. Figure 1 shows the locality of
Gonarezhou Park and adjacent Shangaan communal lands.

GNP was created from the land that historically belonged to the Shangaan
people. As noted above, the Shangaan people in Chipinge and Chiredzi districts are
segments of a larger group who were the major occupants of the South-Eastern
Lowlands of Zimbabwe in pre-colonial times. The advent of colonialism brought
forced removal and concentration of settlements in native reserves as land was
taken by the government for conservation purposes. As GNP was being created, the
Chitsa people were also affected by these land expropriations (Murombedzi 2003).
Between 1890 and 1933, the area belonging to the Chitsa people at the confluence
of Runde and Save Rivers was a fragment of the controlled hunting area. In these
areas, the hunting of wild animals for food or sport was prohibited unless per-
mission was sought and granted by the responsible authorities (Mombeshora and Le
Bel 2009). Victoria Publicity Association strongly campaigned for the game reserve
on the basis that it would stimulate tourism in the province (Wolmer 2007). They
were strongly supported by the Umtali Publicity Association, who figured that the
game reserve would attract tourists to the town of Mutare.

Fig. 1 GNP former land demarcations (Mugadza and Mandizodza 2006)
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In 1934, a parliamentary verdict proclaimed Gonarezhou Game Reserve amid
opposition from white cattle ranchers, who feared that it would lead to the spread of
the tsetse fly and endanger the cattle industry (Scoones et al. 2012; Murombedzi
2003; Mombeshora and Le Bel 2009). Smallholder farmers also resisted the
establishment of game reserves, especially since this would entail their relocation
from areas designated for game reserves. Frontier disputes between the indigenous
people and the Department of National Parks still transpire to this day, with
pre-colonial and colonial land claims designated for national parks being reasserted
in many areas (Murombedzi 2003). Furthermore, the establishment of these game
reserves was not without cost. Numerous numbers of Africans were displaced by
the new game reserves and relocated into the already crowded reserves. Thus, for
instance, the proclamation of the Gonarezhou Game Reserve in 1934 led to the
displacement of 1500 households who were relocated in the overcrowded Matibi 2
reserve in Natural Region 5 (Scoones et al. 2012; Murombedzi 2003; Mombeshora
and Le Bel 2009; Tarutira 1988). One can deduce from the above that nature
conservation and tourism reduced community access to natural resources; according
to Dzingirai, “disenfranchisement at large”.

In a bid to control tsetse flies, Gonarezhou Game Reserve was de-proclaimed
(Mombeshora and Le Bel 2009; Wolmer 2007). The Chitsa community land was
originally not part of the game reserve, but by 1956 the settlement was included in
Gonarezhou. Redrawing of the game reserve boundaries also led to redrawing of
chieftaincies (Scoones et al. 2012; Murombedzi 2003; Mombeshora and Le Bel
2009). Chief Chitsa, who had previously tried to fight inclusion of his area in the
reserve, was relegated to a mere headman under Chief Tshovani (Mombeshora and
Le Bel 2009). Following this, a game fence was erected along Chiwonja hills which
separated Seven Jack (the area where the Chitsa community now lives) and
Gonarezhou Game Reserve. In 1962, yet again, the Chitsa people were forcibly
removed to the Seven Jack area to pave the way for another tsetse control procedure
(Mombeshora and Le Bel 2009; Wolmer 2007). Consequently, Sangwe Communal
Land was identified as a resettlement area for the Chitsa. The resettlement in the
Ndali area was agreed upon on the basis that once the tsetse control program was
completed, they would return to their land (Lan 1985). In the interim, boreholes
were drilled by the government in the area, but the Seven Jack area was rented to
Lone Star Ranch as a cattle grazing area (Wolmer 2003). This led to a veterinary
cattle fence with iron poles being erected in 1974 around the disputed land. With
the intensification of the liberation war struggle in the 1970s, Sangwe communal
land people were moved into keeps (protected villages). Consequently in 1975
Gonarezhou was officially proclaimed a national park and the Seven Jack area
which the Chitsa people claim as theirs was integrated into the park (Lan 1985;
Mombeshora and Le Bel 2009).

After independence, the state wanted to transform the population living in
chiefdoms into citizens who would participate in election of their leaders.
Notwithstanding these determinations, Tshovani and Chitsa continued to operate as
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guardians of customary law (Mombeshora and Le Bel 2009; Wolmer 2007). The
Zimbabwean government reverted to praising the role of chiefs in rural areas,
mainly because of their vote broking role for the ruling party. Chiefs were given
cars, electrification of their rural homes and paid high salaries by the government.
Headman Chitsa invaded GNP in 2000 as a means of escalating his claim to the lost
chieftainship, status and privileges (Murombedzi 2003; Tawuyanago and Makwara
2011).

Headman Chitsa was able to stake his land claim through a local alliance with a
local councillor, war veterans and a sympathetic provincial governor who directed
farm invasions (Tavuyanago and Makwara 2011; Mombeshora and Le Bel 2009).
The invasion was then formalised during 2000 as the Department of Agricultural,
Technical and Extension Services (Agritex) pegged the area and ten villages were
laid out. With the approval of the provincial governor, the district administrator
issued Chitsa people with endorsed documents to reside, cultivate and keep live-
stock in the park (Wolmer 2003; Mombeshora and Le Bel 2009; Wolmer 2007).
Meanwhile the Ministry of Environment and Tourism and the Department of
National Parks and Wildlife Management under which GNP falls did not have
knowledge and consent of what was happening.

The South-Eastern Lowveld has been struck by a number of droughts in recent
decades, most notably in 1982–1984, 1991–1992 and since 2001 (Wolmer 2007).
Its communal areas are very remote as evidenced by poor access and limited
infrastructure. The area is accessible through dust roads that go through big,
uninhabited ranches. Cyclone Eline of January 2000 brought severe flooding and
the washing away of numerous bridges, which worsened the inaccessibility of the
area (Tavuyanago and Makwara 2011; Mombeshora and Le Bel 2009). The events
between GNP and the Chitsa community show how inharmonious their history is.
The question that comes to one’s mind after being presented with such history is:
can a land reform programme alone provide a solution to the strained relationship
between community development and nature conservation in the South-Eastern
marginal community of Zimbabwe?

Land and natural resources are not the only important factors to livelihoods nor
are they always the most important ones (Wolmer 2003). As Scoones et al. (2012)
notes, political, media, and academic commentary has been attracted by the pub-
licity surrounding Zimbabwean land reform. Despite official declarations and
guarantees that such areas will remain untouched, people have invaded them. From
the history of GNP and the Chitsa community presented above, it can be concluded
that the application of exotic conservation approaches in cultural areas ignores
community knowledge (Pikirayi 2011). However, the question that remains is: did
Chitsa people invade GNP solely as a way of acclaiming lost chieftaincy, or there
are more reasons to the invasion?
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4 Overview of the Research Methods

A qualitative research approach was adopted for the study, since the evaluation of
development and conservation was to be studied in the natural context and could
not be quantified ordinarily. The researcher was attracted to critical ethnography
because this approach is apprehensible to inequalities within societies and focuses
on advocacy for positive social change (Madison 2012: 5; Asher and Miller 2011;
Bernard 2006: 342). It looks at how basic issues of social structure, power rela-
tionships and cultural practices influence human behaviour (Manias and Street
2001: 235) and it is influential in revealing embedded values and practices that are
not obvious to people (Thomas 1993). De Vos (2011) acknowledges that in an
effort to gain a better understanding of the phenomenon being studied, qualitative
research is essential. Critical ethnography has been deduced as a modernization of
orthodox ethnography which seeks empowerment and freedom. It gained
momentum after mainstream ethnography was criticised for ignoring issues of
empowerment and freedom of the researched. This research was not merely a study
of socially marginal communities, but it also sought to help in the achievement of
emancipatory goals, negate exploitive influences that lead to unnecessary social
domination of groups. Consequently, critical ethnography was the most appropriate
method of inquiry suitable for understanding and interpreting how the various
participants construct realities of the world around them. In an effort to remain
‘scientific’ while simultaneously practising critique, the following data collection
tools were employed: participant observation, life histories, semi-structured inter-
views and FGD (Fig. 2).

5 Reflections and Realities of Development-Conservation
Nexus

5.1 The Historical Background of the Chitsa Community
and the Establishment of Gonarezhou National Park

To obtain first hand historical facts about the community and establishment of GNP
(Gonarezhou National Park), the researcher visited the local chief, Chitsa, who
narrated the clan’s life history recounting from the arrival of Munhumutapa in the
ninth century to the arrival of the Chitsa people in the 17th century (1695) to the
arrival of Europeans in the 19th century (1838). According to his narration, Chief
Chitsa pointed out that original occupants of the area they are occupying were the
Bushmen. Chief Chitsa indicated that people within the South-Eastern Lowveld are
clustered around chiefs and headmen. In this particular area, there are two chiefs,
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namely Chitsa (officially recognised as a headman) and Tshovani. Chitsa people
came into Zimbabwe from Mozambique,1 settling at the confluence of Runde and
Save Rivers during the late 19th century (Wolmer 2007). Ever since they settled in
this area they have lived side by side with wildlife. The aspect of living side by side
with wildlife concurs with DeGeorges and Reilly’s (2008) assertion that in Africa,
human beings and wildlife have co-existed since the advent of humankind.

We the Machangana (Shangaan) people of the South-Eastern Lowveld of Zimbabwe are
the proud owners of a unique and vibrant social Xichangana culture.

Xichangana is the correct term if referring to the language. Machangana is a
plural form of muchangana, referring to the people. Chief Chitsa mentioned that in
the pre-colonial period, his community consisted of a hierarchy of land commu-
nities that nested one within another, and membership of these communities
depended on acceptance by traditional governance authorities. Governance of
natural resources like land and its related resources (wildlife included) were regu-
lated by this structure and hence it functioned as a social control device.

However, the advent of colonialism in the 20th century had a serious negative
impact on traditional governance of resources. Chief Chitsa acknowledged that
communities were re-defined and they cut natural and cultural systems.
Accordingly, between 1890 and 1933, their area was declared by the then
Rhodesian government as a controlled hunting area. People lost access and control
over natural resources within the area. In an attempt to conserve wildlife, in 1934 a
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1Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
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ministerial decree proclaimed Gonarezhou Game Reserve out of Shangaan land.
1500 families were displaced and resettled in Matibi Nature Reserve to pave way
for the newly established reserve.2 During the early 1950s, the boundaries of the
Gonarezhou Nature Reserve were redrawn and this time the Chitsa people’s land
was incorporated in the Reserve.3 Once again, the Chitsa people were evicted from
the confluence and this time resettled in an area called Seven Jack, which is near the
Sangwe communal area situated in the southern part of GNP.4 To make sure that
the Chitsa people who had previously shown resistance would not attempt to
encroach onto the reserve, the government erected a fence along the Chivonja hills
to separate Seven Jack from the game reserve.5

In 1962, yet again, the government displaced the Chitsa people from Seven Jack
to facilitate another tsetse control.6 This displacement led to their resettlement in the
Ndali area. During this stay, they assumed that once the tsetse control was over they
would return to the Seven Jack. However, Chief Chitsa complained that this
remained wishful thinking because the area was leased as a grazing area by the
government to the Lone Star Ranch, now called Malilangwe Trust Conservancy.7

To make sure that the Chitsa people would not ‘illegally’ settle in this area, the
government erected a veterinary fence with iron poles around the Seven Jack area in
1974 (Mombeshora and Le Bel 2009). With the intensification of the war of lib-
eration, the Chitsa people in the Sangwe area were moved into ‘keeps’8 just like any
other people. It is apparent from the above account that in the eyes of government
and colonial conservationists, human population was a hindrance and disturbance to
‘natural’ or nature conservation. These narrations, while preliminary, suggest an
aspect of deep-rooted bitterness towards displacement and disempowerment of
communities. It is justifiable then to note that during this time development and
conservation had an inverse relationship, because for conservation objectives to be
achieved, human presence in the reserve was prohibited. What further complicates
the relationship between development and conservation here is the fact that people
regarded land, together with other natural resources, as a source of ontological

2Chitsa, J., Kuruveli, J. & Musainge, R. Chitsa Community (Life Histories, 29 January 2013).
3Redrawing of reserve boundaries was accompanied with redrawing of chieftaincies and people
were scattered. Those who resisted where either abolished or demoted. Chief Chitsa acknowledged
that he was demoted because he resisted the inclusion of his land into park (Mombeshora and Le
Bel 2009).
4Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
5This fence is the one Chief Chitsa acknowledges as the official boundary to this day.
6Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
7Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
8Keeps are protected villages where ordinary citizens were put in during the liberation war struggle
in Zimbabwe. Villagers were forcibly removed from their homes to these protected areas which in
actual sense were nothing more than concentration camps in inhumane conditions. They were
approximately 100 acres and surrounded by a high chain- link fence with barbed wire at the top
(Zimbabwe Bulletin 1977).
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origin, so displacement for them was unacceptable. This is justified by the con-
tinued occupation by Chitsa people in the GNP to this day.

The Reserve, in 1975, was subsequently gazetted as GNP by the government and
this encompassed the Seven Jack area that belonged to the Chitsa people. After
independence, Chief Chitsa and Comrade (Cde) Phikilele, a local Shangaan war
veteran leader, teamed up and led an invasion on the portion of the park9 (160 km2)
which they had always believed to be theirs, despite proclamations by the gov-
ernment (Scoones et al. 2012: 17). Consequently, 750 households were established
in the park and they cleared some land for the purpose of farming. Occupants
started farming cotton as well as sorghum and they managed to secure contracts
with Delta Breweries, a Zimbabwean beverage manufacturer, for supplying sor-
ghum. However, as the local people settled in the park, non-indigenous people,
especially war veterans from outside the area, came and settled there as well.10

Currently, there are ten villages with approximately 1500 households inside the
park.

In a bid to legalise the invasion, the government, through the Department of
Agricultural, Technical and Extension Services (Agritex), pegged the area and ten
villages were formally laid out. As presented above, this pegging was supported by
the provincial governor (Wolmer 2003; Mombeshora and Le Bel 2009: 2610;
Wolmer 2007). Respondents from the ZIMParks said the pegging of plots in the
park took place without permission of the Ministry of Environment and Tourism
and the Zimbabwe Parks Wildlife Management Authority under which GNP falls.11

The government drilled boreholes and deployed teachers to schools that were built
by local people with mud and poles. While all this took place, the Ministry of
Environment, conservationists and park authorities were not happy with this
development and continued to vie for the eviction of the Chitsa people. As narrated
above, it is significant that the reoccupation of the park, resistance by conservation
actors and legalisation by the government goes beyond nature conservation and
local economic development. This reveals how development and conservation are
political processes in Zimbabwe.

The present historical findings are significant in at least two respects, namely,
contested land and competing land uses. As shown in the above account, the land
use contest emerges from forced displacements and land repossession complexity.
While the land the Chitsa people claim to be theirs is officially a segment of GNP,
this debate heightens an already complex relationship between development and
conservation. As mentioned previously, spiritual associations between people and
land through certain activities and practices connects them in a sensitive and
complex web of meanings, responsibilities and reciprocities. This finding, though
preliminary, suggests that when knowledge is expressed in a spiritual or social
manner, scientists often find it challenging to acknowledge its relevance to NRM.

9Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
10Chadenga, R. Harare (Interview, 10 December 2012).
11Chadenga, R., Sibanda, T. & Mapfumo Harare (Personal communication, 7 February 2013).
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It can be concluded from the above that colonial and post-colonial NRM laws
dispossessed local people of their customary rights over natural resources. There is
a long-standing denial of local economic development through free access and use
of natural resources, coupled with the enactment of official law transferring property
to states, notably through imported legal concepts such as terra nullius (nobody’s
land). This highly politicised nature of community development and nature con-
servation increases the complexity of local economic development, nature protec-
tion, conflicts and resistance between development and conservation camps. As
evidenced above, local history contributes to the understanding of development and
conservation relationship in South-Eastern Lowveld.

5.2 Power Relations

Having examined the historical background of the interaction between the Chitsa
community and GNP, the researcher saw it as imperative to examine how power
relations shape the association between community development and nature con-
servation. The nature of power relations between the Zimbabwean Government,
Chitsa community and other actors involved in the development, nature conser-
vation and use of natural resources have proved to have a major bearing on the
nature of the relationship between community development and nature conservation
in the South-Eastern Lowveld of Zimbabwe. The effect, hostility and interference in
the implementation of community development and nature conservation initiatives
greatly influence the nature of the relationship and lead to unintended outcomes and
possibly even to conflicts. Findings on how power relations affect the relationship
between community development and nature conservation have been subcatego-
rized into local traditional leadership, power relations between local traditional
leadership, local government departments and central government.

5.3 Local Traditional Leadership

As noted earlier (Chief Chitsa Pers.comm, December 2012), people within the
Chitsa community are under the traditional institutions of governance, which are
chiefs and headmen. The two chiefs in this area, Tshovani and Chitsa, are
embroiled in a dispute over local leadership. These two are from the same
descendant named Zari, who had several sons. Amongst his sons were Mihingo and
Tshovani.12 The current Chief Chitsa is a descendant of Mihingo and Chief
Tshovani is descendant of Tshovani (Mombeshora and Le Bel 2009: 2608). The
genealogy is presented in Fig. 3 (Mombeshora and Le Bel 2009: 2608) below.

12Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
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Chief Chitsa, in justifying his chieftaincy, said Mihingo, from whom he is a
descendant, was more senior than Tshovani, his brother, and therefore, he is the
rightful chief of the area. He considers himself as the senior in the current royal
hierarchy. He argued that being considered as the headman is mockery and a farce
of uprightness that calls for correction. On the other hand, his rival, Chief Tshovani,
acknowledged coming from the same descendant (Zari), but argued that the current
royal status should be maintained as it is. Chief Chitsa traced the injustice of royal
hierarchy to colonial times. He said when their ancestors came to reside in this place
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Fig. 3 Shangaan royal hierarchy in South-Eastern Zimbabwe (Chief Chitsa Pers. comm,
December 2012; Mombeshora and Le Bel 2009: 2608)
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from Mozambique in approximately 1695 the area was total wilderness with no
occupants, apart from wildlife. They then lived in the area harmoniously with
wildlife. The coming of Europeans and proclamation of Gonarezhou Game Reserve
impacted on their lives negatively. There were recurrent displacements of the Chitsa
people, all in the name of tsetse control and paving way for the National Park.13

When the then Chief Chitsa (Mavenge) resisted these displacements and
inclusion of his land into the National Park, he was demoted to a mere headman and
Tshovani, who is believed to be loyal to the government, was rewarded with more
people, since the Chitsa people now were placed under his chiefdom.14 Chief
Tshovani, who is allied to the provincial governor, lives in an upgraded modern
house that is electrified and has been given partnership in the Save Valley
Conservancy (SVC).15 Seven chiefs in the South-Eastern Lowveld are benefitting
from SVC: Chief Nhema, Mr Ranganai Bwawanda of Zaka, Chief Tshovani (Mr
Felix Mundau of Chiredzi), Chief Gudo (Mr Mavivi Karukai of Chiredzi) and Chief
Msikavanhu (Mr Vusani Mutumebvi of Chipinge), Chief Budzi of Bikita, Chief
Chamutsa of Buhera and Chief Mutema of Chipinge.16 As this last point indicates,
Chief Chitsa has been excluded from benefitting from the SVC. Apparent from this
account is how historical events and power struggles still shape and determine the
nature of the relationship between development and conservation. Colonial land
division and apportionment policies have left a deep imprint on present day patterns
of land tenure and settlement in the South-Eastern Lowveld. Despite its exploratory
nature, the study offers some insights into how chieftainship power struggles
between local traditional leadership threatens development and conservation.

The above finding reflects the sentiments of local traditional leadership in the
face of power struggles. As asserted by Mombeshora and Le Bel (2009: 2608),
these arguments are to be positioned within wider background of colonial ruling
and the deviations it brought about on indigenous people. Colonialism brought the
concept of nature conservation through protected areas which led to displacements
and concentration of people in communal land. Consequently, due to mixing and a
concentration of people in certain areas, local power struggles between traditional
leaders erupted there. Ignoring these local traditional leadership struggle realities,
achievement of development and conservation objectives remains wishful thinking
as chiefs continue influencing their people to embark on activities that show their
powers while complicating the relationship between development and conservation.

13Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
14Chitsa, J. & Kuruveli, J. Chitsa community (Personal communication, 26 May 2013).
15The Save Valley Conservancy is situated in the South eastern Lowveld of Zimbabwe. It is one of
the largest conservancies in the world and covers approximately 845,044 acres (342,123 km2).
Historically, this area was predominantly used for cattle ranching. A massive drought served as a
catalyst to change overall land use from cattle ranching to conservation in 1991 (Wolmer 2003: 3).
16Chitsa, J. Ndali Business Community (Life History, 10 December 2012).
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5.4 The Nature of Power Relations Between Traditional
Leadership, Central Government and Local Government
Departments

As mentioned earlier, the particular study area is embedded in a land conflict with
the government. The major communities demanding their land back are the Chitsa,
Ndali and Chibemenene. Respondents of villages 1 to 10 in the GNP blamed the
government for initially allowing them to stay in the park and subsequently,
reneging on this promise.17 The chief and other community members agreed that
the government allowed them to stay in the park mainly for political reasons during
the 2008 parliamentary and presidential elections. The chief said the then ZANU PF
(Zimbabwe African National Union Patriotic Front) national chairman visited them
in the park in 2007 and made assurances that the government would not remove
them from their ancestral lands, but once the elections were over, they no longer
cared about the Chitsa people.

…..They assured us that we will stay in the park for good now that elections are over they
want to chase us just like that……18

…if Smith’s administration achieved robbing our land an Act (legislation) why can’t the
government revise the same Act so that we can repossess our ancestral land? We don’t want
the entire of Gonarezhou but just a strip….19

Whilst the government tried to facilitate conservation by relocating the Chitsa
people, the villagers resisted, claiming that they are the rightful owners of the land.
In 2010 the government deferred, resettling the Chitsa people citing unavailability
of funds. Conservationists who participated in this study said that after resettling in
the park, the community started to cut down trees rampantly and pull down the
fence, implying that they were likely to move further into the park.20 Community
members were given an opportunity to justify why they were pulling down the
fence in a Focus Group Discussion. They indicated that the erection of the GNP
fence was done by the government without consulting indigenous people.
Therefore, they do not recognize the boundary. Very strong opinions pointed out
that the fence has separated them from their ancestors and therefore, they will not
respect this boundary. Musainge of Village 9 had this to say:

Since they erected this new fence we have observed drastic changes in our lives, our land
have become unproductive, we did not receive any rain last year and our children have all
left. These are revealing signs that all is not well in the spiritual world.

17Hahlani, C., Kunene, J., Kunene, F., Masivamele, F. & Musainge, R. Ndali Business Centre
(FGD, 6 May 2013).
18Phikilele, Y. Village 1, (Personal communication, 17 February January 2013).
19Chitsa, J. Chitsa community (Personal communication, 20 January 2013).
20Chadenga, R. Jongoni, S. & Ncube D Harare (Personal communication, 27 January 2013).
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One can read from the above account that national parks have remained to
protect the wilderness form of conservation which view indigenous people as
obstacles to effective protection of biodiversity. However, anthropologically,
humans and their environment have proved to be inseparable; thus, nature and
environment are socially produced. This finding concurs with that of West and
Brockington (2006: 613) that different power plays between development and
conservation brings out the social effects of protected areas on people. An impli-
cation of this finding is that social structures, cultural values, power plays and
individual behaviours are embedded within environmental services, and therefore
cannot be ignored if successful conservation of development is to be achieved.

The provincial governor emphasized that it is impossible to move the Chitsa
people because they are just claiming their land. To him, occupation in the park does
not interfere with any NRM effort within the park. He indicated that their resettle-
ment is history as the government could not secure funds to relocate and compensate
them.21 However, a representative within the Ministry of Environment and NRM
said the government explained to the Chitsa people the importance of the park
locally, nationally and regionally. Of cognitive importance to the responsible min-
istry is the contribution of the park to economic growth through tourism. The rep-
resentative reiterated that the South-Eastern Lowveld is seen and should be
maintained as a wilderness landscape.22 It can be deduced from the above that in the
eyes of conservationists, wildlife preservation has priority over people. Government,
through representation by conservation actors and political leaders, views conser-
vation as having top priority over resource access and use by indigenous people.23

Be that as it may, development actors and community members agreed that the
economic contribution of the park is realized more at national level than locally.
Therefore, development actors deemed it difficult to support conservation efforts
while the ‘first people’ are not directly benefitting from it.

While the community members blamed the erection of the fence for separating
them from wildlife and adding to the misfortunes in their lives, high profile par-
ticipants within the Ministry of Environment and NRM said the ministry is opposed
to the invasion. Dr Chadenga voiced his opinion that villagers should be resettled
elsewhere because they are invading the Gonarezhou sanctuary and it is not good
for tourism.24 These sentiments expressed by respondents support the second
research objective, namely that of ‘identifying key issues in the GNP’s engagement
with the Chitsa people who are living in the park’. Linked to the current relationship
of development and conservation in the South-Eastern Lowveld is the epistemo-
logical differences between the two: origins, objectives, theory and practice. It can
be deduced from the above that indigenous people claim that their lives are shaped
and revolve around their history, culture, traditions and land tenure. It appears as

21Local Government Representative, Masvingo (Personal communication, 10 May 2013).
22Chadenga, R. Harare (Interview, 10 December 2012).
23Chadenga, R., Sibanda, T. & Mapfumo Harare (Personal communication, 7 February 2013).
24Chadenga, R. Harare (Personal Communication, 7 February 2013).
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though development and conservation have different origins and thus, it is difficult
to harmonise them. Due to their different origins, they are rooted in different
operational frameworks in which development on one hand seeks to exercise
equity, sustainability and self-reliance, and conservation on the other stresses
maximising revenue generation whilst preserving wildlife. Caught in between these
two discourses are the indigenous people.

One of the government officials interviewed said that in Zimbabwe, land for
wildlife conservation should be solely used for preservation of wildlife rather than
crop production; therefore, farmers allocated land under land reform program
should practice wildlife conservancy.25 This implies that conservationists are of the
opinion that the practice of crop production, which is the Chitsa people’s source of
food security, is incompatible with stipulated land use in the area. On the other
hand, community development actors object to the above mentioned view, saying
that all land was declared as farming land. Consequently, people given land in the
respective areas should practice crop farming regardless of “land use” options
available in the areas.26 In concurrence with the findings of Romero et al. (2012),
the difference in the origins, actors and power play between conservation and
development makes the two incompatible. These reflective opinion differences
depict how land use has important implications for the livelihoods of resource users.
Just as in much of rural Africa, land is of crucial importance to economies and
societies, constituting the main livelihood basis for a large portion of the Chitsa
population (Cotula 2007: 6). In this context, changes in land tenure systems bring
about winners and losers. As land competition increases between wildlife conser-
vation and crop production, resource access and use become more complicated.

The research also revealed a constricted relationship between local leadership,
government departments and the central government. The local traditional leader-
ship accused the government of not attending to their needs. The locals said they
had to beg the government to build schools and clinics for them.27 Chief Chitsa
complained that the government viewed the community as a homogeneous entity,
ignoring the diversity within the community, and this has led to problems of dif-
ferential access to resources and benefits. He emphasized that the government
assumed his rival, Chief Tshovani, has the ordinary people’s interests at heart, but
the reality is that people from outside have been allocated land in the park and other
indigenous people continue staying in the unproductive communal area. This
finding provides evidence with respect to Wassermann and Kriel’s (1997: 67)
erroneous assumptions of community development. This view concurs with Deville

25Sibanda, T. Harare (Personal communication, 8 March 2013).
26Mutumbi, A., Hove, C., Kubvakacha, P. & Muzari, T. Harare (Personal communication, 8
March 2013).
27Chitsa, J., Phikelele, H., Kuruveli, J., Hahlani, C., Kunene, J., Kunene, F., Masivamele, K. &
Musainge, R. Chitsa community (Personal communication, February 2013).
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in Cotula’s (2007: 36) assertion that in customary systems, access to land and
resources are an integral part of social relationships. Customary systems are
alliance-based and rely on a number of principles. These usually include predom-
inance of first occupants and access to resources linked to lineage membership.

6 Conclusions, Recommendations of the Study

Community development and nature conservation efforts which in turn influence
adaptation capacity are not sufficiently recognized and managed in GNP. In the first
instance, IKS, and roles and responsibilities for all stakeholders should be incor-
porated in strategies for both development and conservation. A knowledge base for
nature conservation, rural livelihoods and community development seems dis-
jointed, uncoordinated and rigid, and thus community development and nature
conservation have a complex, but inseparable relationship. The pressure on natural
resources is intense because of the inharmonious relationship that exists between
community development and nature conservation. Consequently, this threatens the
natural attractiveness of the park, sustainable use and management of resources,
security of livelihoods by indigenous people, and facilitation of community
development and nature conservation. The reality of minimal, if any, dividends
returning to the community from tourism and hunting have been caused by lack of
knowledge and ability to manage how these can simultaneously contribute to
community development and nature conservation.

Although the study revealed the existence of a positive relationship between the
Chitsa community and GNP, to conclude that community development and nature
conservation can act as a panacea (remedies) for each other is rather unjustified,
given the complex relationship revealed in the study. Evidence from the study
indicates that pre-existing historical configurations influence long- term evolution
of conservation and development. History has been shown to be influential in
shaping up the current relationship between development and conservation in
Zimbabwe’s South-Eastern Lowveld. In particular, history is important because the
line of movement, direction and flow of previous resource dependency cycles shape
the current interaction of people and the park in this community. As asserted by
Brennan (2009: 3), local culture has proved to be the basis for development and it
serves to promote the use of local identity and management of resources. It
mobilizes local population’s way of behaviour. At the heart of the strand of the
debate surrounding Africa’s development and conservation relationship is history
and culture. This study argues that history and culture embrace every attempt and
activity of man in his life mentally, physically or spiritually, and therefore nature
conservation needs to acknowledge and accommodate indigenous cultures.

The evaluation of development and conservation in the South-Eastern Lowveld
points out two positions. Firstly, there is the claim that people live in harmony with
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natural resources and do not threaten nature conservation. As asserted by Orlove
and Brush (1996: 335), this claim emanates from a long history of the presence of
people in protected areas, rich knowledge in IKS, specific management practices
based on IKS, and religious beliefs and ritual practices. These claims prove that
indigenous people are committed to conservation. However, this is easily attacked
by conservationists, who lack recognition that indigenous knowledge has a place in
nature conservation.

Secondly, as illustrated by Sherman et al. (2011: 98), bureaucratic arrangements
of government structures make the involvement of indigenous people in nature
conservation difficult. As presented in above, the decentralized nature of NRM
retained powers in the hands of the government. Communities have no governance
and decision-making powers. Therefore, CAMPFIRE has failed to harmonise
development and conservation in this resource dependent community. The study
has shown discrepancies between theory and the practice of the devolution of
powers in NRM to the lowest level of structures (community). The theory of
CAMPFIRE has the potential to harmonise conservation and development efforts.
However, in practice, these principles are rarely adoptable in resource-dependent
communities (Dzingirai 2004; Frost and Bond 2008).

The study also recommends effective stakeholder analysis and engagement on
the relationship between community development and nature conservation. It
proposes promotion of effective dialogue between key stakeholders which have
been identified as ZIMParks, Chitsa community, GNP employees, development
actors, traditional leadership, the Department of Community Development and the
government. The involvement of stakeholders in both development and conserva-
tion efforts/projects will instil ownership of the projects and thereby facilitate
sustainability of those efforts through empowerment and capacity building. It is
presumed that stakeholder analysis, consultation and engagement create harmo-
nization of the relationship between development and conservation. Subsequently,
through engagement, acknowledgement of GNP as containing multiple cultural
activities of different groups who use and protect those natural resources will be
achieved. In turn, interests and priorities of different stakeholders will be shaped in
a participatory and inclusive model of the park management that will provide the
underpinning for sharing different cultural approaches regarding resource values
and benefits. In particular, as mentioned in the previous sections, current forms of
participation do not support the needs, benefits and rights of indigenous people. The
proposed effective stakeholder analysis, consultation and engagement on NRM has
the potential of creating space in which local, national and global values relating to
both community development and nature conservation can be expressed. It involves
rethinking how natural resources within GNP can provide both benefits to the
Chitsa community’s development and support national conservation purposes at the
same time.
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Environmental Assets and Carbon
Markets: Could It Be Amazônia’s
New Belle Époque?

Thiago Lima Klautau de Araújo, Amadeu M. V. M. Soares
and Ulisses M. Azeiteiro

Abstract The Carbon and the Environmental Assets Markets are not regulated in
Brazil. They are pointed out by experts and activists as sustainable alternatives of
wealth generation and forest valuation. But will they be enough to make Amazônia
able to experience once again a time of economic prosperity related to environ-
mental preservation, just like in the Belle Époque (the golden time of Amazônia,
supported by the rubber extraction)? This paper intends to discuss several issues—
currently ignored—about the subject, considering historical, legal, social, envi-
ronmental, economic and political backgrounds. Besides those contexts, there is an
assessment of the public policies, current studies on regulation, and legislative
trends about the environmental issues, the Carbon and the Environmental Assets
Markets. Several inconsistencies/weaknesses were found in the legal system and if
they are not properly considered, they might threaten the success of those markets
and/or even preclude the social and economic return for the local populations,
especially from Amazônia, in a possible future regulation. Without due care, instead
of becoming an alternative of environmental preservation with economic devel-
opment and decrease in social and regional inequalities, they may become another
example of financial conglomerates income concentration, at the expense of the
region.
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1 Introduction

The last century (particularly in its second half) has presented a major dilemma to
Brazil: economic growth or environmental conservation? Up until recent years,
undoubtedly, the unsustainable and irresponsible economic growth prevailed over
biodiversity issues, environmental and social affairs (Pinho et al. 2014), or even
over justice and fraternity among the states of Federation, existing values in the
successive Brazilian Constitutions. Amazônia, a long and uncharted territory, has
been characterized by the most perverse government interventions. Not properly
planned and truly ignoring the reality of the region, it were based on the eagerness
for economic “progress” and began a process of social and environmental degra-
dation (Klautau de Araújo 1995), land conflicts and political disputes.1

Initially fueled by Juscelino Kubistchek’s developmental policies in the 1950s,
followed by national integration initiatives of the military dictatorship2 (Paulino
2014), and, finally, leading to the disregard from the governments after the rede-
mocratization, Amazônia faces, nowadays, a real environmental, social and eco-
nomic disruption. However, it was one of the richest and most important regions in
Brazil between the second half of the 19th century and the first half of the 20th
century. More recently, increased attention was therefore paid to the process of
environmental, social and economic degradation of the region, which shelters the
most relevant and significative storehouses of the planet’s biodiversity

Despite several isolated initiatives, not only governmental ones, but also, and,
mainly, from the civil society and international organizations, the social and
environmental situation3 from Amazônia continues to deteriorate. The inefficient
work by the successive governments and the environmental agencies can be pointed
out, as well as the incoherence and weaknesses of the Brazilian Legal System—
from the Constitution to other assorted regulatory provisions—the failure of the
environmental education policies, illegal practices, forest exploration with preda-
tory economic activities (for instance: mining, logging, agriculture and cattle) and
the extreme poverty of the populations from the region are considered to be some of
the major determinants that contribute to aggravate the situation.

1Which triggered, for instance, several break-up states projects and a popular referendum on the
division of Pará State in three other ones (Pará, Carajás e Tapajós), in 2011, that was rejected,
above all, by the dissenting vote of the people who live in the metropolitan zone of the capital of
the state, Belém. In the affected areas by the creation of the new states, the votes in favor of the
division were more than 90%.
2Both have proved disastrous because not only the proposals were not achieved (creation of
transport infrastructures, road links to urban centers of other regions, creation of agrarian settle-
ments, among other initial intentions), but it also created several economic and social problems
that had never existed before.
3An increase is observed not only in the number of conflicts, but also in the violence rate. Despite
the fact that the North Region has a small population if compared to other Brazilian areas, it sees a
serious increase of the violence rate, much faster than the more populated regions (FBSP and IPEA
2016).

494 T. L. Klautau de Araújo et al.

pcastro@ci.uc.pt



In addition to the aforementioned elements of that disrupted context, the existing
political resistance regarding the elaboration of appropriate public policies to
environmental preservation4 is noticeable.

The political forces from Amazônia are considered to be tiny if compared to the
ones from South and Southeast states.5 Therefore, there is no political pressure or
bargaining power6 since the representation is clearly small and fragmented among
the recognizable opponents, including those who are against the environmental
actions because, according to their point of view, they would hinder the economic
growth.

To make things worse, Amazônia has the largest mineral province of the planet,
located in the state of Pará, with significant production of iron ore, gold, bauxite
(and its by-products alumina and aluminum), nickel, copper, kaolin, among others.
That exploration results in environmental and/or social damage, without financial
compensation. This is because, according to Article 155, §2°, X, of the Constitution
of the Federative Republic of Brazil from 1988 (CF/88), the products intended for
export cannot be taxed by the states. In other words, the ICMS (tax over operations
related to the circulation of goods and interstate and intercity transport and com-
munication services), main state tax in Brazil, cannot be charged by the states on the
mineral extraction activity to export, which corresponds almost entirely to the total
of the mineral exploitation. There is, also, oil and natural gas production in
Amazonas state and it is likely that there are oil stocks on the Pará’s Coast.

For those reasons, several political agents are still convinced that the environ-
mental preservation, especially in Amazônia, is a strong obstacle to the Brazilian

4The already low level of funding for fighting against deforestation had been reduced in 72%
between 2010 and 2014 (Leite 2015) and in 2017, there was a reduction of more than 50% in the
Ministry of the Environment’s budget—from 911 million (Ministério da Fazenda 2017), to R$ 446
million (Gesisky 2017; Moutinho and Guerra 2017). Meanwhile, the Federal Government has
provided R$ 190.25 billion to the Agricultural and livestock plan 2017/2018, more than the R$
185 billion available for the 2016/2017 Plan (Peduzzi 2017). The amounts invested in the agri-
cultural plan represent more than 426 times the current budget of the Ministry of the Environment,
which is the responsible for the federal environmental monitoring of the whole country, not only of
the Amazônia.
5The North Region, that corresponds to almost the total of the Brazilian Legal Amazônia, has
seven states, representing 45.25% of the national territory (IBGE 2016); however, it relies only on
65 of the 513 parliamentarians from the House of Representatives, since the population is pro-
portionately represented, but this number is outdated and does not match the actual population—
Amazônia would have more deputies if the division of places was updated. Nowadays, only the
state of São Paulo has more than 70 representatives, 5 more than all states from the North Region
together.
6Weinstein (1993), describing the negative fall in the prices of rubber latex in the international
market, during the first decades from the 20th century, demonstrates that the lack of political power
from the North Region is an old problem in Brazil: “(…) It is essential to consider the political
component of the economic obstacles from the region. Since it needs political support at the
national level, the elite of Amazônia failed many times in offering support to programs that
intended to combat the devastating effects of price fluctuations. Moreover, their appeals for
emergency assistance right after the collapse were largely ignored”.
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economic growth. Nevertheless, it is necessary to highlight that the environmental
preservation may be an important complement of the economic growth and
development of the region—and vice versa—like the one we have seen in the past,
in the most relevant moments of Amazônia history.

This paper intends, therefore, to discuss about alternatives for Amazônia’s
development, the context of the current laws, the terms for establishing markets and
the challenges for doing so. Despite the fact that the Carbon Market is the fash-
ionable one, we comprehend that it is, in the context of Amazônia, just one of many
renewable and non-predatory possibilities of rational use from the existing natural
resources in that region. Due to those reasons, as we shall debate it later, we suggest
the regulation, also, of the Environmental Assets Market (and the Carbon capture,
obviously, is one of them), so that there can be established the maximum use of
Amazônia potential, with the environmental preservation, climate context
improvement and development for the region and its local populations.

2 Amazônia, the Belle Époque and the Environmental
Assets

The Environmental Assets, some of the greatest Amazon riches, have fundamental
importance to the sustainable development7 of the region. As a matter of fact, the
history of Amazônia shows two examples in which the economic growth was
directly associated to the use of those environmental assets without forest damage:
at the beginning of the colonization in that region, with the so-called backland
drugs; and with the latex exploration, also called “rubber boom”, divided into two
phases, one during the 19th century and the other one during the 20th century.

The backland drugs were the main reason of Amazônia colonization, since
Portugal could not control the Indian spices route, it then attempted to use
Amazônia products as substitutes, among them, the cocoa, pau-cravo and achiote;
that led to the cities and villages foundation in order to control the territory and the
transit of foreigners in Amazônia. Belém, the capital of Pará, was founded and
expanded in that context of monitoring, due to its geographic location and strategic
importance, seen as one of the main entry doors for Amazônia (Cardoso 2015).

The rubber cycle, in turn, consisted in the exploitation of latex from Amazônia
rubber tree Hevea brasiliensis. Its widespread use in the industry for a variety of
purposes and its exclusiveness of production in the states in Brazil’s North Region
would promptly bring prosperity to the region and then enrich it, fact that made
Belém one of the main (if not the main) financial center of the country in the second

7Based upon the economic growth, environmental preservation and improvement of the social
conditions.
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half of 19th century, not only due to the wealth brought by the rubber, but also due
to its strategic proximity to Europe and the United States of America.8

All that abundance culminated in the building of imposing palaces, houses,
parks, avenues, hotels, theaters, cities planning, development of significative
infrastructure works like ports, railroads, public illumination, electricity, trams,
among other various ventures that took the latest technologies to Amazônia.
Clearly, all things worked and were built with European influence,9 especially from
Paris, hence the designation used for that period: Belle Époque, being Belém
affectionately nicknamed as “Paris n’America”.10 The sumptuousness of the
buildings and the ingenuity of the urban solutions were really impressive, especially
if we consider the logistical and geographical challenges still found up to the
present. Undoubtedly, it was Amazônia’s Golden Era.

The first rubber cycle ended at the beginning of the 20th century because British
Government Officials smuggled rubber trees seeds and established huge plantations
in Malaysia (Garfield 2009), where did not exist the plagues that blocked the
development of large fields of rubber trees in Amazônia, so they could reduce the
costs of production and it led the Amazonian rubber plantations to the decline,
followed up by their abandonment, since they were more expensive, with tricky
logistic lines and more time-consuming collection and distribution, regarding the
dispersed trees throughout the forest.11

However, the Malaysia rubber plantations were under the Nazis’ control during
the World War II, which led to three situations: the shortage of material, the
consequent rise in latex price in the international market and the weakening of the
Allies’ armies (and their economies) due to the lack of this essential raw material
for the industry. Hence, the rubber exploitation in Amazônia restarted, with shorter
duration at that time, but brought fresh air to the economy of the region.12

There was, over those periods of time, an unmistaken direct relation between the
produced wealth and the forest preservation.13 Naturally, on account of the
indigenous labor (during the backland drugs period) and the use of slave labor or

8The geographic importance of Belém was demonstrated, for instance, by the air links to Europe
and to the USA, which were set up from Belém and not from São Paulo.
9With particular situations like, for example, rich families from Belém used to have the laundry
done in Paris (Weinstein 1993) and the use of large and warm clothing in a region where the
temperatures remain constantly above 30 °C during the whole year.
10Curiously, that is the name of a traditional store, which still works at the same place since 1900
in a building in the downtown of Belém.
11Regarding the existing problems in Amazônia for the wealth coming from the latex transition to
a more industrialized economy—as it did not turn out to be, see Weinstein (1993).
12For more details on the relationship between Brazil and the USA, due to the importance of
Amazônia for producing rubber latex during the World War II and the immigrating and economic
impact to the region, see Garfield (2009, 2010).
13Different from other events in the Brazilian history, as in Pau Brasil exploitation (Caesalpinia
echinata), that almost made that specie disappear, or as in the economic situation of Amazônia
itself, which has been destroyed for soy-plantation, cattle breeding and timber extraction.
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slave-like terms or even low wages (in latex production),14 it is not possible to talk
about sustainable development, since the social component was not covered,
especially because those practices were common and legal at that time. However,
despite the reprehensible and inadmissible practices related to social and labor
terms, the mentioned times demonstrate that the maximum use of the Amazon
potentials can occur not only with activities that do not deforest the region, but also
can quite possibly be a complement to combat environmental degradation.

3 The Negative Change in the Amazônia Path

Despite the clear propensity of the region in considering a non-predatory use of the
environmental assets,15 the economic, political and infrastructural models applied in
Amazônia since the 1950s did not consider basic cultural, natural and social
characteristics of the place. That caused serious damage to the environment and to
the society (Klautau de Araújo 1995, 2014; Paulino 2014). The Brazilian govern-
ments imposed solutions previously used in other states which were successful, but
that, obviously, did not work in Amazônia because its environmental features
demanded—and still demand—carefully conceived and personalized choices.16

Therefore, it was ignored the necessity to treat unequals unequally to achieve
justice—Aristotle’s thought plentifully discussed over the years.17 Thus, there was
no participation of the local populations in the definition of laws and public policies

14Weinstein (1993) states that it was the main reason behind the economic decline in Amazônia
with the rubber price collapse, if compared to São Paulo, which also suffered from the coffee crisis
effects, but it became industrialized: with no internal market of products, based upon wage labor,
Amazônia did not have other options besides the latex extraction. That excessive dependency on a
single product, without establishing a productive market, led it to its economic ruin.
15The proof lies in the fact that the richest period of time of the region history was based in a
renewable and non-predatory product, with almost no deforestation, and without serious envi-
ronmental impacts. On the other hand, currently the environmental degradation is noticeable, either
because of mining, livestock or logging activities, while the population remains miserable.
16Amazônia is unique and, therefore, different from other Brazilian realities. The soil type, the
rivers dimensions, the features of the weather are, sometimes, impossible challenges to solve
traditionally. Examples of failed initiatives that did not take into account those elements are
several: Madeira-Mamoré railway, which was not concluded due to project problems that brought
a huge distress initially and due to the death of several workers who developed tropical diseases;
Balbina hydroelectric, in the state of Amazonas, which has a reservoir similar to the one of Tucuruí
hydroelectric power plant, in Pará, but that has about 3,3% of the energy produced in Tucuruí; the
roads BR-163 (Cuiabá-Santarém) and BR-230 (Transamazônica) with no completion until
nowadays, besides many other examples.
17The debate on the topic has begun with Aristóteles, who considered it in the “Nicomachaen
Ethics”, especially in Chaps. 4 and 5 of its 5th book. Still on that, there are works like the
“Discours sur l'origine et les fondements de l'inégalité parmi les hommes” by Jean-Jacques
Rousseau, e “A Theory of Justice”, by John Rawls. In the Brazilian context, it is important to
mention “Oração aos Moços” (Addressing the Young), by Rui Barbosa.
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to Amazônia, or in their corresponding implementation and monitoring.18 The
region was treated merely as a new border for changing problems from the main
urban centers of the country and also seen as a solution for housing the farmers who
did not have lands in other regions.19

Under the slogan of national integration, with a development-oriented policy, the
government of Juscelino Kubitschek promoted roads construction without proper
planning, intending to connect the North Region with the whole country and with
the new federal capital. In continuity, the military governments built more roads20

and started a disordered landholding colonization process, under the motto “land
without men for men without lands”, and arguing that the settlement of the area
could protect the national territory, safeguarding the national sovereignty. However,
the attempt of landholding colonization without any support by the public agencies,
lacking adequate infrastructure and even no researches on the soil types of the
region21 demonstrated that it was not an attempt to solve the Brazilian agrarian
problem (taking into account that, until the present moment, the Land Reform in
Brazil has not been enacted), but it was a political way to keep the popular pressure

18Until these days, the effective popular participation is a huge democratic challenge, even in
developed regions. In Amazônia, it is particularly difficult, and there are studies and proposals with
possible replication, as the one carried out by Folhes et al. (2015). However, it is necessary to
emphasize that Amazônia is diversified and that not all designed models for it will have the same
effects in different zones. Moreover, the participation model has to be defined properly and planned
along with the community, considering each case specifically (Klautau de Araújo and Lima 1997a,
b).
19Wolford (2016) points out some notes about the used strategies by the military governments for
Colonization in Amazônia: “INCRA was created on July 9, 1970, as an autonomous agency tied to
the Ministry of Agriculture (Decree-Law 1110, Article 4, July 9, 1970). The military government
in power at the time created the agency to oversee the colonization and settlement of Brazil’s vast
and “underpopulated” northwestern frontier. The march westward was expected to fulfill Brazil’s
promise as a developed, modern nation, which meant extinguishing peasant protests in the
Northeast and dealing with the presumed threat of communist guerrillas known to be hiding out in
the Amazon rain forest (Martins 1984, 41; Bunker 1985). Colonization was also a means of
combating external influence; the slogan “integrar para não entregar” (integrate to avoid deliv-
ering [the Amazon to foreigners]) was part of the substantial publicity campaign that accompanied
frontier development (Reel 2010, 36). In the early 1970s, Brazilian theaters showed films weekly
documenting the bulldozers and trucks cutting through the jungle to build new highways (Drosdoff
1986, 60–74). (…) Buttressed by a sense of manifest destiny, INCRA employees moved west to
settle “men without land in a land without men,” carving out thousands of 100-hectare plots,
building houses and towns, and leading markets into relatively untapped regions of the Amazon
rain forest (Hecht and Cockburn 1989, 108)”.
20Including two that have left a trail of unprecedented environmental destruction: the
Transamazônica and the Cuiabá-Santarém roads, already mentioned in the footnote 16.
21“The endless soil fertility of Amazônia, announced by natives and visitors of the region, has
proven to be one of the several legends fostered by the luxurious and thick forests from the region.
As a matter of fact, the soil of Amazônia highland, like the tropical soil in general, is thin and with
nutrients easily exhausted as soon as the forest cover exposes it to the rain. After that, only the
intense fertilizer application will facilitate the growing/cultivation. Regarding the small part of
Amazônia surface classified as alluvial plain, that is less susceptible to leaching and hardening than
the ‘dry land’, but can also burn out under intensive cultivation” (Weinstein 1993).
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away. At no time, any of the plans or government interventions had considered the
social-environmental aspects or eventual externalities that ended up occurring.22

Concerning the national security, the argument has also fallen down because the
Amazônia frontiers are still opened for the trafficking of arms, drugs, animals,
human organs and people. The increase in population did not bring any benefits,
neither to the region, nor to the local populations or even to the immigrants.
Moreover, there was a worsening of the social conditions and deforestation.

The roads construction is also linked to the migratory flows towards the sur-
rounding regions, where people would be attracted by the promise of economic
development and jobs, since the landholding colonization programs had failed. The
population growth with no basic structures like health, education, security, sani-
tation and other State services has set up a complex socioenvironmental context.
The successful options have been marked by binding together both society and the
governments, searching for a broader integrated understanding of the local situa-
tion,23 instead of isolated mitigation measures, as it has commonly been done.

Another important aspect to be highlighted is that the built roads did not work as
an alternative to the existing railroads, but rather as substitutes. Nowadays, the road
transport corresponds to 61.1% of the transport of goods and to 95% of the
transport of people (CNT; SEST; SENAT 2016). The concentration of cargo and
people transportation in the road model, apart from being more expensive and
polluting, is also slower.24 It partly explains the difficulties in creating a local
productive chain for Amazônia goods: the distance from major consumer centers of
the country in addition to the lack of faster, safe and cheaper transport alternatives
have reduced the interest of investments in that region. The establishment of
companies could certainly contribute for generating jobs, income, local technology
and for promoting a closer interaction between the populations and the production
of non-predatory items derived from the forest, which arouses an increasing interest
to conserving the environment. That would be an interesting option for adding
value and regional development around its main potential: the forest; nowadays,
nearly all Amazônia’s products are exploited to be manufactured in other states or

22Even though the described facts have occurred during the military dictatorship time, lack of
concern about Amazônia features still remains, and the governments, successively, keep on
ignoring the basic aspects of the region context. Recently, for example, school buses were donated
to Afuá city, in Marajó archipelago, Pará; but in Afuá, known as “Marajoara Venice”, there are no
streets, since all its buildings are on stilts and there are lowland soils and floodplains in which the
use of motor vehicles is forbidden (Meirelles Filho 2015).
23As in Paragominas, State of Pará, where with strong participation from the mayor, managers and
society, the context of social and environmental degradation of the city was changed, and
Paragominas is an interesting example to be examined. See more in Klautau de Araújo (2014).
24And, if we consider the terrible road construction, especially in Amazônia, the numbers are more
negative: due to the bad quality of the pavement, more than 77,488 million liters of diesel fuel are
spent unnecessarily every year, which represents 2.07 MtCO2 of additional emissions (CNT;
SEST; SENAT 2016).
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countries, leaving so little or nothing to the local people, leading to an under-
standable declining interest in environmental issues in the face of the current
poverty.

4 Environmental Assets: A “New” Hope for Sustainable
Development in Amazônia

Considering that context, the environmental assets can be decisive elements for
changing the socioenvironmental situation. As we have already mentioned in this
paper, the creation of productive chains for Amazônia products could lead to the
economic and social development of the region. Fostering the Environmental
Assets and considering the possibility of using them as an enhancing instrument for
the forest are widely discussed alternatives (Ministério do Meio Ambiente 2016;
Birdsall et al. 2014; CGD 2015; Seymour and Busch 2016), even before the con-
solidation of the use of that terminology.25

Amazônia is rich in environmental assets of all kinds,26 and if is made the most
of that potential, with the local populations engagement, the possibilities for the
sustainable wealth generation in that region are feasible. For instance, by addressing
some infrastructure issues, it is possible to develop the ecotourism, an alternative
that remains unexplored in the area, or expand the food, pharmaceutical and cos-
metics industry27 which use the regional products.28 Everything depends on the
way that the environmental assets and their possible markets are regulated, con-
ceived and defined, as well as the underlying issues discussed up to this point.

25The sociologist José Mariano Klautau de Araújo started to debate about the need of the
Environmental Assets sustainable use in Amazônia since the 1970s, when the projects for national
integration and settlement were at the top. His discussions, subsequently published on books and
papers, added to the Socioenvironmental Method, written by him, are interesting points of ref-
erence to understand the historical and institutional background of public policies for Amazônia
since the 1950s until nowadays. The Socioenvironmental Method was the pedagogical foundation
for Escola Bosque, an initiative awarded internationally and that can be read in much more details
in Klautau de Araújo and Lima (1997a, b, c), Klautau de Araújo (2016) and Lima (2013).
26As it can be seen in more depth in Seymour and Busch (2016), according to the different types of
environmental assets classified by the authors.
27A huge Brazilian cosmetics company was accused of using, without permission, traditional
knowledge from herb medicine women from the Ver-o-Peso market, in Belém (Weis 2006; Soares
2016); after a great controversy, there was then a refund for that (Soares 2016), and a soap and
essential oils factory from that company was opened in the metropolitan region, in 2014 (Kafruni
2014).
28Products like açaí, cupuaçu, cumaru, camapu, among other fruits, plants, herbs and seeds derived
from Amazônia have awakened a great international interest due to their nutritional, aesthetic and
therapeutic properties. However, the most part of those products, with rare exceptions, is collected
in the region, and the end products are produced somewhere else, with no return to the local
people.
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5 Current Legal Brazilian Situation Concerning
the Carbon Market, Environmental Assets, Mitigation
and Adaptation to Climate Change

The Brazilian environmental laws are dispersed, confusing, bureaucratic and
complicated to deal with, due to their gaps, shortcomings and lack of regulation
(Klautau de Araújo 2014, 2016). The few existing legal devices regarding the
Environmental Assets trading, including the carbon, or related to the climate change
are in that same direction, as well as the current legislative proposals and public
policies.

As the main legal basis for that issue, the Law 12187/2009 (National Policy on
the Climate Change), in spite of being recognized as an important legislative
framework (Milaré 2014; Lopes et al. 2015; Pinheiro Pedro et al. 2015) comes up a
bit short of the expected. In its art. 4º, VII, it is established the fostering to the
development of the Brazilian Emissions Reduction Market, which would open the
national Carbon Market and would contribute to the clearer participation of Brazil
in the international market, but it does not mention how that aim would be reached
(nor even the Decree 7390/2010, which regulates parts of the above-mentioned
law).

In the art. 9º, the Law 12187/2009 grants carbon credits (here mentioned in a
broad sense) of legal nature of securities and requires them to be traded in the stock
exchange,29 being the Securities Exchange Commission (Comissão de Valores
Mobiiários—CVM) the responsible for monitoring it; however, the CVM disagrees
with the classification established by the National Policy on Climate Change.30

Since the articles 4º, VIII and 9º are too superficial and were not regulated by the
mentioned decree, the Carbon Market has not yet been satisfactorily implemented

29In this context, the BM&F Bovespa.
30The problem in this case was the legal system inconsistency. That was because the Law 6385/76,
about the securities, has a strict list in its art. 2º. Therefore, the Securities and Exchange
Commission expressed its opinion, asserting that “Carbon Credits are securities issued by an
organization associated with the United Nations which represent no-emission of certain amount of
gas that cause global warming. The CVM discusses matters related to the carbon credits and why
they must not be considered derivatives or collective investment securities—thus, they are not
securities, but assets and they are marketed to reach the targets of carbon emission reduction
or aiming the investment. In addition, The CVM understands that it would be inconvenient
to classify the carbon credits as securities through the edition of the law regarding the
arrangement of those instruments. The Securities and Exchange Commission also discusses the
features of some financial products derived from the carbon credits, that, depending on their
characteristics, might be defined as securities. The assessment of each financial product will be
done by the Securities and Exchange Commission” [highlighted by us] (CVM 2009). Although
that issue may appear to be a simple detail, it may be decisive in the future concerning the tax
matters, fundraising from the Carbon Market and the legal certainty/validity of the contracts. More
than that, by failing to amend the Law 6385/76 or to consult the Securities and Exchange
Commission about the legal nature of an obligation modality that would be ruled by that institution
shows the regulator’s negligence and weakens the applicability of the law.
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in Brazil31 because it is not as significant as it could be and it does not offer
sufficient legal guarantees to the investors. Last but not least, the art. 12 establishes
voluntary reduction from 36.1% to 38.9% based on the projected emissions until
2020,32 but it does not say how it should be done either,33 not even mentioning the
metrics to be used to verify the results.

Therefore, if there is no commitment to the targets, no solid legal basis to create
the Carbon Market, to reduce the emissions, to implement concrete measures to be
taken by the public authorities, the Law 12187/2009 and the Decree 7390/2010
seem to be only intentions that the federal government may not be interested in
putting in practice.34

Regarding other aspects of combat, mitigation or adaptation to climate change,
there are: Law 12114/2009, which creates the National Fund on Climate Change,
regulated by the Decree 7343/2010; Law 11284/2006, which is “about the public
forest management for sustainable production; it establishes, on the basis of
Ministry for the Environment, the Brazilian Forestry Service; it creates the National
Forest Development Fund”, among other measures, as well as its regulatory
Decrees 6063/2007 and 7167/2010; the Decree 6527/2008, which is about Fundo
Amazônia; the Decree 8576/2015, which “establishes the National Commission to
Reduce the Greenhouse Gas Emissions Resulting from Deforestation and
Environmental Degradation, Forest Carbon Stocks Conservation, Sustainable
Forest Management and Enhancement of Forest Carbon Stocks—REDD+”; Some
of the Forest Code provisions (Law 12651/2012),35 especially the Article 41, which

31Although Brazil holds 5% of the world’s Carbon Market, while 20% was expected initially
(Brasil 2012).
32That, according to the art. 6° of the Decree 7390/2010, means to reduce between 1168 million of
tonCO2eq and 1259 million of tonCO2eq of emissions.
33The art. 6°, §1 of Decree 7390/2010 lists ten actions to be taken to make feasible the accom-
plishment of the goal, being foreseen and implemented by sectorial plans.
34Lopes et al. (2015) and Pinheiro Pedro et al. (2015) emphasize the importance of the Law 12187/
2009 to the establishment, at first, of a voluntary market and of a mandatory one later, after
adopting the compulsory measures of emissions reduction. Nevertheless, we understand that the
enactment of the above mentioned law was only an attempt of political response to the national and
international pressures/expectations and not a practical step indeed. The Brazilian legal experience
in the last decades demonstrates that law enactments without regulation (or their ineffective
regulation) has been a strategy of the governments in order to avoid the responsibility of polemic
or complex issues (Klautau de Araújo 2014, 2016). Due to that, we believe that a norm with
inconsistencies, omissions and inaccuracies is not able to substantiate a whole system of com-
bating measures, mitigation and adaptation to climate change.
35One of the legislative provisions of the Forestry Code is the Environmental Reserve Quota
(CRA), that consists in a portion of non-deforested land which exceeds the law requirements. It
may be considered as an Environmental Asset because it may be negotiated with other landowners
who have not fulfilled the minimal legal size of vegetation in their areas. It is provisioned by the
articles 44 to 50 of the law 12651/2012. There is a recent study developed by Brito (2017) about
more efficient regulations of that legal institute so that there is not an excess supply, pulling down
the prices and inhibiting the restoration of the areas, taking Pará state as a reference for additional
regulation to the recommended by the Forestry Code.
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is about the Environmental Assets. Also, there are two National Congress Bills, in
progress: the 212/2011 draft legislation, which intends to set up the “national
system of reducing emissions from deforestation and forest degradation, conser-
vation, sustainable forest management, maintenance and enhancement of forest
carbon stocks (REDD+)”,36 and the 95/2012 draft legislation, which intends “to
determine the securities trading in the Brazilian Emissions Reduction Market
related to the avoided greenhouse gas emissions verified in indigenous lands must
be previously authorized by FUNAI”.

5.1 Legislative Trends

As previously observed, there were several laws and regulations concerning envi-
ronmental and climate change issues and there are new ones already being planned.
In other words, there is a tendency for legal provisions and sparse regulations that
makes the legal system tricky. That tends to decrease the efficiency of implemen-
tation, the legal compliance and laws inspection, as well as to difficult the citizens’
understanding on the Law field, if compared to the issues that are arranged in codes
or in few and concise laws (Klautau de Araújo 2016). Milaré (2014) claims that the
codification of the environmental issues can give legal security to the area, and we
may infer that the same would happen if applied to the Environmental Assets
Market. The same way that the environmental issues have been regulated, it became
very difficult for citizens to participate in the elaboration, enforcement and, mainly,
monitoring of the laws, since they do not know the technical terms, do not have
resources or even because there is such a complex bureaucracy involved (Klautau
de Araújo 2014).

Besides the regulation issues and the scattered laws, there is a worrying trend to
weaken the federal environmental norms, despite the increase in deforestation. The
text of the new Forest Code ended up confirming irregular deforestation before
2008.37 In May 2017, the House of Representatives and the Senate ratified two
provisional measures that reduced in 597 thousand hectares Pará and Santa Catarina
states preserved areas. 587 thousand hectares of this reduction were only in the

36Although there is not any law project about it, we should consider the ENREDD+, the “REDD
strategy development” planned by the Ministry of the Environment (Ministério do Meio Ambiente
2016).
37Legal devices like the articles 61-A, §§ 5° e 6°, 67, 68, among others from the new Forestry
Code, reduce or leave behind the demand for reforestation of the Legal Reserve (minimum of
native vegetation to be kept on the estate) or Permanent Protection Area (vegetation surrounding
rivers and sources, for example) for several contexts, which means relaxation of the environmental
rules and legalization of the irregular situations. The message to be understood is that the envi-
ronmental rules may be not followed, since, at any time, there will be tolerance of validations of
the illegalities in the name of the economic issues.
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Jamanxim National Forest and in the Jamanxim National Park, located in Pará
(Maisonnave 2017a, b).38

A data entry carried out by WWF indicates that bills in course in Congress
reduce the protection of approximately 80,000 km239 (Maisonnave 2017a).There is,
also, another Law Draft (3729/2004), with 18 included projects, in course, that aims
to relax the environmental license regulations, which has been pushed through to be
approved (Miranda 2017).

The most recent environmental debate was derived from the edition of Decree
9142, from August 22, 2017, which extinguished The National Reserve of Copper
and Associates (Renca)—an area between Pará and Amapá states with a forest area
over 4 million hectares—and opened part of the reserve to mining. It had a great
impact and the Government edited a new Decree (9147, from August, 28,2017)
revoking the previous one, remaining the extinction, but addressing few points in
detail which had been contested in Decree 9142; The Government and some experts
say that the reserve has already been occupied by illegal loggers and miners, who
extract the Brazilian resources avoiding taxes and polluting the rivers, also exposing
fish and watercourses to mercury contamination, promoting deforestation, and the
mining regulation would control the impact of those activities (Schreiber 2017).
However, the polemic persisted throughout, the public opinion was overwhelm-
ingly against the reserve extinction and, shortly after, the Federal Justice decided to
suspend the Decree. There was another suspension order by the Supreme Court that
determined the government to clarify the issue in 10 days. For those reasons, the
Ministry of Mines and Energy (MME) published a Directive on September 5th,
2017, suspending the legal effects of the Decree 9147 during 120 days in order to
broaden the discussion on the subject (G1 2017). On September 25th, 2017, the
President decided to revoke the extinction of Renca, with the Decree 9159. The
Ministry of Mines and Energy published a note affirming that: “(…) The country
needs to grow and generate jobs, attract investments to the mineral sector, including
to exploit the economic potential of the region. The MME reaffirms its commitment
and of the entire government to the preservation of the environment, with the
safeguards provided for in the environmental protection and preservation legisla-
tion, and that the debate on the subject must be taken up at a later time and must be
extended to more people in the most democratic way possible” (Ministério de
Minas e Energia 2017). It seems that the results of this story are far away, especially
if we consider that the environmental question is, apparently, being used as an
exchange for political power and support.

38However, after extreme national and international pressure, the President Michel Temer has gone
back on his own proposal and has vetoed provisional measures 756 e 758, that established the
reduction of the area. In a new twist, the Government sent a proposed law to the National
Congress, reducing once again the area of Jamanxim National Forest, not in 486,000 hectares, but
now in 349,000 hectares, that will be protected areas, with a few restrictions, if the project is
approved (G1 PA 2017).
39Near Portugal’s territory dimension, which has a little bit more than 90,000 km², including its
islands.
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Nowadays, as it can be seen, there is an overall weakening trend—rather than a
strengthening one—of the Brazilian environmental legislation. Added to that, there
are international uncertainties related to the success or to the failure of the countries
cooperation against climate change,40 endangering the Carbon and the
Environmental Assets Markets in Brazil. Without a mandatory setting of a limit of
emissions and a legal system efficient for punishing irregularities,41 there will
scarcely be any interest or economic feasibility of the markets. Moreover, regarding
the Environmental Assets Market, directly affects the very existence of the assets to
be traded.

6 Technical Challenges and Possible Distribution Models
Originated from the Carbon and Environmental Assets
Markets

6.1 Challenges—Not So New as They Seem

The economic development of Amazônia through activities linked to the regional
vocation and to the sustainable management of the existing environmental
resources is fundamental to equalize the social and environment preservation issues
(Klautau de Araújo 1995, 2016). That is because Amazônia, currently, does not
have the least necessary structure of transports, health, basic sanitation and edu-
cation, with a few alternatives of decent livelihood remaining to the populations of
its remote areas, who end up preying on the environment in exchange for some
living, specifically (but not only limited to) cutting down the forest illegally for
selling timber; with no guarantees for human dignity to the local populations, it is
impossible to demand their support to the government against environmental
degradation, or even expect that they worry about preserving Amazônia (Klautau de
Araújo 2016). That situation fits within Paul A. Samuelson’s argument (1976)
about Economics of Forestry and the extinction of certain animal species.42

40Especially after the withdrawal of the United States from Paris Treaty. It is early to analyze the
impacts and consequences of that decision, even with the response of leaders in the European
Union and China reaffirming their commitment to the international agreement (Lusa 2017; Gomes
2017).
41The bureaucracy, the low values charged by the fines, added to the almost endless possibility of
lodging an appeal create a sense of impunity and, at times, is more profitable to do something
illegal and then pay or contest the possible fines (Klautau de Araújo 2016).
42“When people in a poor society are given a choice between staying alive in lessened misery or
increasing the probability that certain species of flora and fauna will not go extinct, it is under-
standable that they may reveal a preference for the former choice. Once a society achieves certain
average levels of well-being and affluence, it is reasonable to suppose that citizens will demo-
cratically decide to forego some calories and marginal private consumption enjoyments in favor of
helping to preserve certain forms of life threatened by extinction.” (Samuelson 1976).
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The current policies of forest preservation are not only based upon a confusing
and flawed system, but also transform the forests in a source of expenses, not of
possible income, since the environmental protection is not well regarded by the
governments (Klautau de Araújo 2016). Some environmental assets, like the
Carbon Market—which generates wealth through the simple preservation of
environmental areas—can change this context, adding value to the forest as heritage
sites to be preserved not only due to its ecological, climate and biodiversity aspects,
but also due to its inherent social and economic potential.

The environmental issue is not—and it has never been—into Brazilian political
focus. In a particularly troubled moment for the Federal Public Management, with
discussions and debates on electoral, political, labor and social security reforms and
so many corruption scandals, the concern with the environment is far from being a
priority. Another relevant aspect is the continuous disinvestment in the environ-
mental monitoring sector, which has worsened over recent years (Klautau de Araújo
2016). Arousing the economic interests in maintaining the green areas is a way to
bridge the gap between the environmental issues and legislators and governments.

Therefore, despite the existing limitations to the Environmental Assets, they are
considered to be, in Amazônia context, the most feasible alternative at the moment,
since they offer the possibility to generate wealth, income, employment, life con-
ditions with dignity to the local populations and, simultaneously, the forest
preservation. However, in the Brazilian case, despite all the problems pointed out
by some scholars, the Environmental Assets, particularly the Carbon Market, do not
face great difficulties in the international scenery or even in terms of long-term
economic viability, but in the legal system. Maybe this is the most significant
barrier for the implementation of a comprehensive policy focused on the sustained
use of those resources.

The Brazilian legal system is extremely confusing and disconnected, making the
procedures too bureaucratic, long and difficult. For instance, the first practical
difficulty in the implementation of a Carbon Market in Brazil would be a more
precise definition of land ownership. Odd as that may seem, there is no consensus
on the exact public land delimitation and dimension for each one of the federal
entities, setting judicial disputes among the states43 and between The State and
private individuals. One of the reasons for that is the lack of clarity (and/or regu-
lation) of the art. 20, I to XI and §2º, and art. 26 of the 1988 Federal Constitution, as
well as the art. 16 of the Transitory Constitutional Disposition Act.44 Added to it,
the Land Reform in Brazil has not been enacted, fact that brings legal uncertainty,

43Acre and Amazonas are disputing a 12,000 km², while Mato Grosso contests for 22,000 km²
with Pará, and Ceará complains about 2821 km2 with Piauí (Mariani et al. 2016).
44Referring to the public land ownership.
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which gives ground to frauds against individual and state patrimonies.45 Lastly, the
lack of data links among registries makes the system even less reliable.

Defining public and individual land ownership in Brazil is essential to make the
most out of the Environmental Assets potential, but in particular to make the
Carbon Market feasible for the national territory. Without knowing which areas
belong to whom, it is not possible to estimate neither how much land each market
player (especially the public bodies) has for carbon absorption, nor how many tons
might be absorbed. Moreover, without solving this problem several judicial dis-
putes may occur focusing the money raised in market, leading purchasers’ migra-
tion to other markets.

Although it is a complicating factor and that certainly will bring many practical
difficulties and legal disputes over the years, that issue does not block the Brazilian
Carbon Market from being implemented.46 The purchasers, naturally, will seek for
agents appropriately settled and they will select those who will remain or will leave
the market. Something to worry about is that Brazil, until this moment, was not able
to carry out structural adjustment reforms and any regulation arranged will only be
a slight repair over a confusing and inconsistent legal system.

It is necessary to remember that the 1988 Federal Constitution—as has dealt
with the public land ownership—established the environmental protection in a
general way, regarding as a joint competence the environmental protection, air
pollution combating, forest, flora and fauna preservation to the Member States, to
Federal District and to the municipalities,47,48 Added to that, there is a constitu-
tional determination on the preservation of the environment contained in Art. 22549

from CF/88, and its paragraphs, in which the expression “Public Power” is used in
the broadest sense of the term. It means that all power spheres are responsible,
conformity with their respective competences, for the environmental protection.

45Without the Agrarian Reform and a standardization of the securities, all proofs of ownership
modalities are accepted, if the necessary requirements at the time of the alleged purchase are met. It
happens that, if there is no control of the registers, it is possible, for example, to have a land title
document from the sixteenth century validated. That is one of the reasons why a very common
fraudulent practice in Brazil used to be the document forgery, putting the papers inside drawers
with crickets, because their secretion would make them appear older than they actually are. That
practice was called “grilagem”, a nickname given, nowadays, to all kinds of fraudulent attempts of
land regulation.
46Especially because it already exists, but it is not based on laws, as we will confirm later in this
paper.
47Art. 23, VI and VII of the 1988 Federal Constitution.
48There is also legislative concurrent competence/authority to the Union, states and Federal
District, regarding “forest, hunting, fishing, fauna, conservation of nature, soil and natural
resources preservation, protection of the environment and pollution control”, according to the art.
24, VI from 1988 Federal Constitution.
49“Art. 225. Everyone has the right to an ecologically balanced environment, which is an asset of
common use and essential to a healthy quality of life, and both Governments and community shall
have the duty to defend and preserve it for present and future generations.”
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The legislative intent was good: by expanding the number of the responsible
ones for monitoring, the efficiency of surveillance would increase. But the results
did not meet the expectations and the attempt to generically share the responsibility
for the environmental monitoring caused the opposite effect.50

As we have already mentioned, in theory, if the Carbon Market, generates
revenues, instead of being a burden for the State budget, the forest would be a
source of income which would increase the interest for its conservation.51 What
happens is that the collection of taxes and revenues is strongly controlled by the
Federal Government, but the charges of environmental monitoring belong to
everyone.

If there is not any system restructuring of the environmental agencies and the
clear liabilities establishment, the problem will remain unsolved, despite the influx
in revenue of the Carbon Market.52

Another reason why the regulation must be a careful process is that the sale of
carbon credits is, all in all, an offset, since it keeps a reduced economic activity in
order to preserve the forests. Nowadays, the Brazilian cities that present the lowest
human development indicators are located in Amazônia. Brazil shows extremely
serious regional disparities and the Environmental Assets sustainable exploitation is
one of the few available alternatives to reduce the disparities without further
aggravating environmental degradation.53

Therefore, we point out four possibilities of collecting and distributing revenues
from Carbon Market—or, why not, from the Environmental Assets market?—if the
Brazilian regulation is possibly established.

50In another study (Klautau de Araújo 2016), by the use of the game theory and an adaptation of
one game, it was pointed out that when all the constitutional powers are generically shared it is
likely that none of the agencies act. That is because all tasks might be shared, but not the budgets.
Without a clear division of competences and tasks, it is almost impossible to demand an agency
responsibility in case of default since it is stated that you cannot blame a single absent agency for
the unsuccessful public policies when other agencies did not act either.
51Not only for public entities, but also for individuals. The Carbon Market is an alternative for
obtaining economic income from preserved areas required by law inside the states, as the Legal
Reserve, which currently are unpaid. Concerning that, the then-Senator and current foreign min-
ister Aloysio Nunes stated that: “the Carbon Market would be a stimulus for the grower to
maintain his legal reserve, so that he can generate income from that. It would fulfill our goals not
only internationally, but also inside Brazil, implementing an important law, welcome by the whole
world, that is the Forestry Code law” (Altafin 2016).
52In the discussions on this topic, this point was also raised by Senator Jorge Viana: “who can
trade the carbon absorption in the forests? Is that the country and in a centralized manner? Or are
the states, which are guardians of the forests? There is almost no regulation of it. It is a new
market, not widely-known, which is part of climate change” (Altafin 2016).
53The areas with higher biodiversity in Brazil are those in which the people have lower incomes
and little provision of public services (Kageyama 2009; Klautau de Araújo 2016).
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6.2 Possible Methods for Collecting and Distributing
Revenues

6.2.1 Federal Government Revenue Collection and Distribution
of the Total Value or a Portion of It Proportionally

That hypothesis would consist of the Carbon Market values centralized in the hands
of Federal Government and further distribution proportionally among the States and
cities.

In this model, the Federal Government would be the only entity of public power
able to make trades—as it is already seen, for example, in the capital market. There
are strong chances to adopt that option, since it is about repeating the existing
practices in which the power is centered at the Federal level and the sharings are
distributed in a standard way, taking into account the region of the federative entity
and the income per capita.54 However, with that regulation form neither the
regional inequalities in Brazil will be reduced, nor the forest conservation will be
encouraged. This is because in the distribution according to the previous criteria,
the states with the highest capacity to absorb Carbon55 will have to divide the main
compensation for maintaining their forest area. However, all the conservation
burden will remain individualized. Therefore, a scenario of strong regional differ-
ences is eternalized, enhancing those differences, due to the fact that the forest
conservation duty is imposed (involving costs and the forgoing of tax revenues) in
exchange for specified economic benefits that will be shared.

We could consider a possible comparison between that model and the regulation
of royalty payments related to oil and natural gas exploration, ruled by the Laws
9478/97, 12351/2010 and 12858/2013. There is a share of the royalties aimed at the
producing states and cities and a shared aimed at the Federal Government and other
non-producers, what may seem unfair at first. But the oil exploration creates a lot of
jobs and attracts investments, which is the opposite of the Carbon Market: you pay
for the forest maintenance by using credits derived from the option of not making
economic activities. Moreover, the oil and the places where the exploration is more
common belong to the Federal Government, according to the Article 20 V, VI e IX
of the 1988 Federal Constitution. The states, the Federal District and the munici-
palities are allowed to participate in the results of those resources exploration or

54As it is used, for instance, in the division of the State Participation Fund (FPE) and in the
Municipalities Participation Fund (FPM). For further details, read: art. 159 of the 1988 Federal
Constitution; art. 34, §2°, I, II and III of the Transitory Constitutional Disposition Act; the arts. 90,
91 e 92 of the Law 5172/66 (National Tax Code); and the Complementary Laws 62/89 and 91/
2001.
55Consequently, with less economic activity, lower GDP (gross domestic product) growth, and
higher monitoring costs and forest conservation.
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they can be compensated by the exploration itself if it takes place in their area,
according to the §2° of the forementioned article, but the property is still of the
Federal Government. That is why that analogy is not valid, considering that in the
Carbon Market the land ownership to be conserved for CO2 capture is assured, and
it may belong to the Federal Government, to the states, to the Federal District, to the
cities or even to individuals.

Thus, that model is unwelcome because it would disregard the individual
capacity of Carbon absorption and the negotiation of federative entities and indi-
viduals in the Market. It also would increase the regional inequalities by not
compensating economic activity decrease (or little maintenance) of the states where
there are preservation areas.

6.2.2 Federal Government Revenue Collection and Distribution
Among the Entities in Their Proper Quotas

In this system there is a similarity between what happens in the capital market and
the previous model, the only one entity of public power able to operate in the
Carbon Market would be the Federal Government, but the difference is the way of
sharing the funds after raising them. Sharing without regarding the proportional
criteria of population, location of the states and per capita income, but considering
the actual results of environmental preservation and carbon absorption, there would
be a more effective offset for the carbon absorption and a greater economic interest
of the states and the Federal Government in the environment preservation.
Therefore, this option could be more fitting and fairer that the first one.

In order to distribute the amount collected by the Federal Government in the
Carbon Market to the states and the cities, there are two options: carbon trading
assignment of rights of the federal entities to the federal government and payment
for the proper quotas56 or the royalties payment of the Union to the states and cities
regarding their preserved areas, in a similar system of the Financial Compensation
for the Exploration of Mineral Resources (CFEM).57

56What, in practice, would work as though the Union had bought the carbon credits from the states
and cities and had resold them in the market with its own credits.
57This system is regulated by the law 7990/89 and 8001/90 and distribute the royalties obtained
with mining as it follows: 65% to the cities where the production occurs (and to the Federal
District, if applicable), 15% to the states (or the Federal District) where the production occurs, 15%
to the cities and to the Federal District affected by the mining activity, and 10% divided between
Federal Agencies. Observe that, different from the oil royalties, only the producer states and cities
(and those which are not producers, but are directly affected by mining infrastructures) receive a
financial compensation.
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The bureaucracy involved, however, is the problem of the last modality because
it gives grounds for corruption58 due to the excessive centralization of powers of
some agencies and political players.59

Besides those difficulties, there are also complications in budget planning of the
states and the cities in the context of this model. That is because depending on the
Union transfer of resources, it is not entirely clear when and how much will be
available in the states and cities coffers.60 Due to all these uncertainties and to the
insistence on imposing a model of powers centralization, we believe that this
alternative would not fit properly within the Brazilian context, especially regarding
Amazônia sustainable development.

6.2.3 Linking of Earnings for Sustainable Development Projects
in the Region

There are strong indications that this hypothesis could be confirmed, maybe, as a
complementary manner to others, especially because it has already been used in the
regulamentation of the oil royalties, but to a fund for Education and Health. It
would be interesting to use part of the revenue obtained by the Union through
Carbon Market as an investment for environmental preservation, for sustainable
development of regions with rich biodiversity and natural resources as well as for
restoring degraded areas. Here, that possible regulation is attractive because it
qualifies the purpose of those obtained values, otherwise, there would be common
revenues.

Thus, the repetitive discourse which affirms that the environmental preservation
sucks resources dry and that it blocks the economic growth is not valid, and with
this alternative, this narrative loses its meaning, because providing funds to the
country may boost the economy and safeguarding part of revenue to invest in
environmental recovery and protection makes the system self-contained. By pro-
moting sustainable development, apart from social conditions improvements, there
is a chance for Brazil to develop economically, heading towards a more

58In 2016, a serious corruption scheme was uncovered involving the National Department of
Mineral Production (DNPM), dismantled by the Federal Police, through Operação Timóteo, in 11
states and the Federal District (G1 DF 2016; Affonso et al. 2016). This department is responsible
for collecting and distributing the mining royalties in Brazil and handled approximately R$ 1.6
billion in 2015. In this specific case, the corruption scheme was related to the amounts which
would be allocated directly to municipalities.
59Klautau de Araújo (2016) points out that one of the biggest problems of the public policies
implementation process in Brazil is the centralization in the planning and decision-making pro-
cesses and the dispersion of the implementation. In that context, the situation is similar: the
concentration of power in few agents attracts strong political interest, makes the proper use of the
money difficult and increases the possible deviations from ethical conduct.
60The event at the National Department of Mineral Production had to do with it: there were late
payments and the agents from the department received bribes (concealed by law and consultancy
offices) in order to speed up the money deposits and to increase the values.
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environmentally friendly production with a strong focus on the rational and con-
scious use of the natural resources. The path towards an environmentally friendly
economy is neither about loss of competitiveness nor about impoverishment,61 but
it needs more investments and also a paradigm shift in the relationship between
State and society, as well between those and the nature.

However, for the same reasons presented in the previous alternative, there are
strong evidences that it would be a failure as the main model. That would happen
because the resource centralization in a single fund, besides leading to the greed of
malicious public managers,62 will also lead to the problem of over-centralization
pointed out by Klautau de Araújo (2016). More than that, it is important that the
environmental assets can be seen as attractive business opportunities, as well as
income generation and job creation opportunities. The advantage of using them in a
coordinated manner is that they can complement each other. That means it is
possible to generate wealth, for instance, through ecotourism or adventure tourism,
extraction and cultivation of medicinal herbs, flowers and fruits from Amazônia, to
achieve the carbon absorption and to sell securities on the Market, all those things
by using the same area. The allocation of revenue to a single fund (even though if it
would be only the public one) obtained from a specific environmental asset would
reduce the flexible usage of sustainable environmental assets and mutually com-
plementary. Consequently, their competitiveness and attractiveness for the private
sector would also be reduced.

Specifically in the case of Amazônia, the community and individuals deep
involvement will be necessary since the area to be monitored is very large, the
governments do not have sufficient means to be present throughout the territory
(even if they had, the costs would be extremely high), and the current methods are
more repressive than preventive.63 Moreover, the failures in implementing public
policies in Amazônia in previous experiences, as we have already discussed in this
paper have demonstrated the need for understanding, agreement, contribution and

61If we analyze the examples of the developed countries, the technology, the productive processes,
the entrepreneurial dynamics, the environmental awareness and planning are more connected to
the success of the economy than to the plenty of natural resources. Japan, for instance, relies on
few natural resources, has a rough ground, hard to be used, besides being a group of islands, what
would make its development difficult. However, despite all those facts, it is one of the most
developed economies, a balanced society and with low level of poverty.
62Even though the study of Public Administration in Law courses, most of the times, recommends
to consider corruption in the spheres of government as an exception, not as a rule, the Brazilian
experience shows us that the reality is different and that the current political system has many
examples of a corrupt governance. There are denouncements against all the political spectra and
against almost all political parties. Therefore, the planning of alternatives to the country must be
designed in a way that the flaws may be minimized and the public funds may be protected.
63The satellite surveillance, inspection activities, among others, intend to punish the responsible
for the environment damage, what is valid, but if the damage has already been done, the envi-
ronmental restoration is hard, even with the modern procedures of reforestation, due to the
maintenance of ecological balance and biodiversity, it is best to keep the original wood instead of
reforesting a cleared area.
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participation of local populations in the decision-making and executive process.
Without that, it is almost impossible to think about monitoring and managing such a
large and difficult access area like Amazônia.

6.2.4 License for Individuals and Public Entities
to Operate Freely in the Market

For the given reasons in the previous topic, the participation of the local people and
of all the federative entities is necessary for finding solutions to the environmental
issue. There are many doubts concerning the possible ways of arousing the interest.
By allowing a broad participation of public and private entities in those markets,
increasing their profitability with the natural resources conservation and biodiver-
sity, there is a clear valorization of the forest and growing interest of the individuals
in taking part in the initiatives for conservation.

Thus, the model we believe to be the most interesting for implementing the
Carbon Market in Brazil is a hybrid model of collection, distribution and allocation
of the obtained revenue, in which all the federative entities and individuals could
freely participate, making their rights, duties and obligations clear, (topic that will
be discussed further in this paper), also considering some part of the revenue
allocated to a supervisory, monitoring, conservation and reforestation fund.

7 Practical Challenges

Besides all the technical challenges, in order to design a management model of the
Environmental Assets that work efficiently and to make the Carbon and the
Environmental Assets Markets reach the goals of economic and social sustain-
ability, it is necessary to regard some practical challenges, namely: fostering an
economic interest for conservation and maintenance of forests; designing a regu-
lation system appropriate for the reality and accessible to the interested people, in
which there is an understanding of the protected legal assets importance, the duties,
obligations and rights of the parties involved in this market, whether they are small
rural landowners or major corporations; and the strengthening of the educational
system, especially the environmental education.

The first challenge is to find ways that make the Environmental Assets viable
sustenance alternatives so that the local people cease predatory practices and
become interested in maintaining and preserving the forests. In addition, engage
them in the sense of not allowing third parties to make predatory activities. It means
to make the local populations and the State partners in the monitoring of forests and
ecosystems. It is necessary to note that the Environmental Assets may be eco-
nomically attractive, as stated above in this paper, because it is possible to combine
the exploitation of several environmental assets simultaneously, increasing their
profitability.
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The second challenge is to communicate effectively with those populations,
making them access, in a real and not fictious way, the legal documents and legal
regulations about the issue.64

It is not appropriate to use a very technical language (as it has been used) with
terminologies which people do not know and can barely understand. Most of the
times, it is necessary to have appropriate knowledge of the field in order to com-
municate with the people responsible for the studies and the regulation projects. For
this reason, on behalf of honesty, transparency and good faith of the
decision-making processes and enforcement proceedings, the communication must
be improved. A context in which the regulation of a sector is not understood by
almost any of the interested parties is an enabling environment for the spread of
corrupt practices and vested interests that do not fit the exercise of citizenship and
democracy.

The third one is the implementation of a qualified education system for the
populations. That is the key component to make children, teenagers, young people
and future generations environmentally aware, even for those who are not inserted
into the forest reality, so that they will be able to help in the environment
preservation.

If some of those things (especially the communication with the population) fail,
the effectiveness and efficiency of that action as a sustainable way to Amazônia and
other Brazilian biomes that are endangered will possibly be reduced, since the three
presented components complement each other. Nevertheless, the tackling of those
issues depend on a regulation system suited for the specificities of Brazil and its
regions in order to arrange the Carbon and Environmental Assets Markets as
economic development alternatives, not only as simple chances of some groups to
make money out of the natural resources that are of interest to the society.

Especially because the Carbon and Environmental Assets Markets are not going
to save Amazônia—or the world, but they are sustainable alternatives for economic
diversification and natural resource use. Overly concentrating investments and to
pay attention exclusively to that possibility is risky and reckless. Doing that is like

64A brief comment on the popular participation and interaction effectiveness is welcome: they are
possible only if there is an open, transparent and accessible language. The overuse of technical
terms, jargons, acronyms and abbreviations makes the documents reading unpleasant and sets up a
bar for any person who is not in the limited circle of “specialists”. Even the Law or Environmental
field professionals who are unfamiliar with the Carbon Market and the Environmental Assets
experience serious difficulties when dealing with this topic due to the language unnecessarily tight,
the challenge is greater to, for instance, a person from Amazônia countryside with poor education
and with no access to public services, a very common profile found in the local community
(brought about by the indifference of the governments). In order to make those people—who have
so much to contribute to the understanding and preservation of their areas—participate in the
debate, clarity, respect and transparency from the specialists are demanded and they may learn a lot
about Amazônia with its natives. Unfortunately, until the present moment, frequently, the
decision-making processes and the explanations of open initiatives to the participation of local
people are not arranged in that way, resembling an accession model in which the “knowledge” is
taken to the people; there is no dialogue, there is no participation.
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getting back to Belle Époque but for bad reasons: that excessive economic
dependency on the rubber led Amazônia to chaos with a decrease in that product
prices in the international market.65 If the Carbon and the Environmental Assets
markets are not used as an instrument for the region to find two ways of sustainable
development, the same past negative outcome may happen once again.66 But the
consequences may be even worse: without appropriate rules, a steep rise of the
values may lead to a land purchase race,67 fact that would evict or marginalize
the local populations,68 and that would increase risks to fraud for obtaining land.

All those issues cannot be dropped off the market regulation proposal, but the
studies have been mostly carried out focusing the market functioning. That, over the
years, can become a problem, since the external or secondary issues and the inter-
action of market and its surroundings is essential for its development.

The manner the legal regulation will be arranged may mean the success or the
failure of this alternative and the real participation, or not, of the local people.
According to what present proposals and studies establish, there are few chances for
this effective participation. Most of the suggested forms are based upon existing
models in other countries, what can lead to the great financial conglomerates, once
more, profiting from Amazônia. That is, obviously, a failed path, designed to failure
in few years. Since they do not have local connections, after taking profits on the

65Weinstein (1993), regarding the Belle Époque period, highlights that: “The fast growth of the
main port of the area established a market for some few local industries; it promoted, also, the
development of public works and of municipal improvements that transformed Belém in one of the
most impressive capitals of state of Brazil. However, it seems to have created an interest larger in
non-productive activities, such as the real estate speculation and the import of luxury goods`̀ . That
concentration of activities, which made the collapse of the rubber cycle even worse, with no
alternative economic sectors was due to the close monitoring of the rubber elite on the poorest
population that was involved in the productive chain and that acted against any development that
could transform the extractive economy (Weinstein 1993).
66That is the reason why we also understand that international donations for preservation funds,
such as the donation of US$ 1 Billion from Norway to the Amazônia Fund—assessed by some
scholars (Birdsall et al. 2014)—is not as beneficial as it sounds. This is because the donation of
values from other countries is a one-off aid, which causes dependence on the outside, without
generating value for the forest, and without causing the necessary cultural change on the value of
living forest for the local populations. Governments may need money to keep the forests pre-
served. However, people living in these places need sustainable alternatives to avoid predating the
forest, living with dignity and helping to preserve the environment. An Environmental Assets
Market can provide this; international donations, no. Donations without other supports (scientific,
medical or technological) may cause dependence of the poor countries, and it may hinder their
development (Deaton 2017).
67There are, also, bills that seek to allow the purchase of lands for foreigners, almost without limits
(Estadão Conteúdo 2017). The content of the proposals does not include that permission when the
biomes demand Legal Reserve of 80%, that it is the case of Amazônia, but for being just of a
project, that provision can be dropped easily.
68As it was seen in the areas where there was mining, for instance, or huge agricultural projects.
The population was no longer the owner of the lands and experienced living on activities related to
the flow of people attracted by the area. However, that flow of people brought violence, overload
of the facilities and of the public services, marginalizing the local populations.
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situation or, maybe, if there is not any interest, those huge companies will leave the
region, creating a big social and economic empty hole.69 Thus, what was conceived
for this opportunity will not be designed and required: a model of sustainable
development, with the decrease of social disparities in Amazônia and in the rest of
the country, and at the same time, the forest preservation, an issue of international
interest.

8 Conclusions

In this paper, we have tried to discuss several issues related to the Environmental
Assets and Carbon Markets as sustainable alternatives for Amazônia (if regulated),
in a multi and interdisciplinary perspective. Considering all the gathered data and
data analysis, as well as the authors’ professional and personal experience, we
believe that the environmental issue, in Brazil, is not properly regulated and ruled.
Moreover, the success of those markets establishment and their potential of social
and economic transformation in the region will depend upon the way the regula-
mentation will be arranged. It is a valuable and unique opportunity and perhaps the
last chance to preserve and value Amazônia Forest. However, if its regulamentation
is not well arranged, there is a risk of concentrating, even more, the riches of the
region in the hands of large corporations, making, once more, the local people
helpless.

Also, we have raised the issue of the Carbon Market as a relevant alternative but
not the only one available to Amazônia. We have suggested the Environmental
Assets Market regulation, so that there will possibly be a coordinated, intelligent
and systematic valorization towards the social, economic and environmental
development of the region, free from the dependency of a single activity. That all
hinges upon the participation of local people and on the manner the subject will be
regulated.
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