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Editors’ Preface

Food security covers aspects at all spatial levels from local to global and from an
interdisciplinary and systemic food systems perspective. This book aims to better
understand environmental, nutritional, agricultural, demographic, socioeconomic,
political, technological, and institutional drivers, costs, and outcomes of current and
future food security. Interactions with contextual factors include climate change,
urbanization, greening the economy, and data-driven technologies. Agriculture
began some 12,000 years ago. Since that time, approximately 7000 plant species
and several thousand animal species have been used for human food. Today, how-
ever, the worldwide trend is toward changing food habits and dietary simplification
(Fig. 1), with consequent negative impacts on food and nutrition security (Emadi
and Rahmanian, this volume and Burlingame et al. 2012; Boye and Arcand 2012).

Agricultural landscapes also suffer from genetic erosion as traditional landraces
and “minor crops” are rapidly disappearing, replaced by modern varieties.! Such
genetic erosion means that future options for domestication, breeding, and evolu-
tion could be irreversibly lost, a fact that is being recognized through the develop-
ment of “red list” for cultivated species. Agrobiodiversity is the subset of biological
diversity important to food and agriculture. It is the human element that sets agro-
biodiversity apart from “wild” biodiversity. Agrobiodiversity is the outcome of the
interactions among genetic resources, the environment, and farmers’ management
systems and practices.

'The food composition indicator relates to the nutrients and bioactive non-nutrients that are pro-
vided by biodiversity.
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Fig. 1 The number of foods reported for the food composition indicator in 2010 (Source:
Burlingame et al. 2012)

Urbanization and infrastructure development also lead to land-use change often
in areas where high agrobiodiversity is found. Shifts in land use also need to be
considered. The consumption of meat tends to increase as people get richer, which
raises the demand for feed. In addition, in some areas, biofuel production has
reduced land available for crop cultivation. Urbanization and infrastructure devel-
opment convert significant agricultural areas — often areas of high soil fertility — to
nonagricultural uses. Meeting the world’s demands for more and better food and
feed while sustaining ecosystem services will be critical. With few remaining
opportunities for expanding global agricultural areas, these needs will have to be
met largely through agricultural intensification that builds on sustainable manage-
ment of agrobiodiversity.

The rate of loss of genetic resources is projected to increase as the world gets
hotter, a process that will affect agrobiodiversity. Climate change will speed up
these processes. The “area suitability” of species will change with the climate,
and marginal populations will be threatened with extinction unless they can
migrate or adapt quickly enough. Loss of genetic diversity will, in turn, reduce
the options for adaptation to climate change. Agrobiodiversity holds the key to
adapting to climate change through the movement of germplasm or the breeding
of new varieties that can withstand drought stress or flooding or that can resist
new pests and diseases.

The food systems of indigenous peoples show the important role that a diversi-
fied diet, based on local plant and animal species and traditional foods, can play to
support health and well-being. By contrast, increasing the consumption of pro-
cessed and commercial foods over time will have a negative impact on the quality
of the diet. Countries, communities, and cultures that maintain traditional food sys-
tems are better able to conserve and access local food specialties based on a corre-
sponding diversity of crops and animal breeds. As a result, they will be less likely to
fall prey to diet-related diseases (FAO, 2011, Willett and Rockstrom 2019).
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There are a number of important “issues’ that are discussed in this book. We seek
to address these topics, either in specific chapters or across the spectrum of the whole
book all set against the impact of climate variability. Some contributions are on cross-
cutting topics, addressing availability, access, and utilization in an integrated way.
We include case studies from rural Africa and South Asia (Bangladesh, India, China,
Indonesia) and from urbanized centers too. The nexus between water, soil, food, and
population is explored and discussed. Climate change affects livestock production in
multiple ways, both directly and indirectly. The most important impacts are on animal
productivity, animal health, and biodiversity — all of which affect directly the liveli-
hoods of over 200 million people.

The alarming pace of biodiversity loss and ecosystem degradation and its nega-
tive impact on poverty and health make a compelling case for reexamining food
systems. Currently, close to one billion people suffer from hunger and another two
billion from micronutrient deficiencies. Diets that are low in variety but high in
energy contribute to the escalating problems of obesity and chronic diseases that
particularly threaten poor people in developing countries. In recent years, reduced
access to land and natural resources, environmental degradation, climate change,
globalization, and the westernization of diet and lifestyle have dramatically affected
the role that traditional foods play in the lives of small farmers and indigenous soci-
eties. Studies have linked these changes to a wide range of negative consequences,
including food insecurity, poor health, nutrition deficiencies, ecosystem deteriora-
tion, and cultural erosion. The consequences of the shift in production and con-
sumption patterns are significant.

Human-environment interactions are extremely complex and can be obscured
not only by the dynamic complexity of the climate system but also by the diversity
in societal response and human adaptation to changing landscapes (Adger et al.
2013). Some shifts in landscapes are brought on by changing climate or by land-
use change caused by more variable and less reliable precipitation patterns. Societal
response to climate variability and change (higher temperatures, seasonal precipi-
tation patterns) varies greatly and relies on a particular level of cultural sophistica-
tion and economic development than can seldom be measured. The overall health
of the population, agricultural practices, market conditions, and environmental
stability in any given country all contribute to this complexity. Among the over-
arching principles are (i) the recognition that the health of human beings cannot be
isolated from the health of ecosystems and (ii) the affirmation of the need for all-
inclusive cooperation in activities to improve human and environmental health
through sustainable diets.

More than 30% of the world was hungry in the 1960s; today, it is around 15%.
The huge success of feeding an extra three billion people ranks as one of humanity’s
greatest feats. Agricultural science underpinned those successes through a wealth of
innovative research for development conducted in diverse environments and cul-
tures around the world. Now, 50 years on, a new generation of agricultural scientists
and thought leaders is needed to carry on this scientific and humanitarian work.
We believe that this book will stimulate and inspire.

Adelaide, Australia Victor R. Squires
Jodhpur, Rajasthan, India Mabhesh K. Gaur
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Part I
Food Security as a Global Issue

The four chapters in this part raise and discuss issues that resonate at global level.
Foremost among them is the importance of time. Many issues that affect food secu-
rity have a sudden and immediate impact, while others, like climate change, are
“slow-onset” phenomena. The effects may be already perceptible but are likely to
gather momentum as time goes by. To begin, Jafari & Jafari deal with the vocabu-
lary around food security and elaborate on definitions and meanings. Emadi and
Bahmanian make a wide-ranging commentary on the history of thinking about food
production and food security, hunger and famine, and the evolution of policy and
efforts to operationalize and mainstream food security into national plans. The chal-
lenge is to find ways to embrace a food systems approach. To avert hunger and
famine, there has been much effort to increase food production, but mismanagement
can lead to land degradation and land abandonment. Squires and Gaur take up the
task of explaining agricultural land quality and the importance of maintaining or
even improving land quality and explore the issues related to maintenance of pro-
ductivity in the face of climate variability and the increasing anthropogenic pressure
on agricultural land, in particular. Water is a production factor that is vital and which
is already in short supply. Nagabhatla et al. examine the links between water and
food security with special reference to migration to (or away from) areas where the
water regime suits their production technology.
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Chapter 1

Climate Change and Food Security:

a Glance at Principles and a Strategic
Road Map

Mostafa Jafari and Vahideh Jafari

Context and Setting

As the world population moves inexorably toward the projected 9 billion by 2025
and as already 2 billion people worldwide suffer from inadequate nutrition, there is
an urgency at the local, regional and global levels to combat hunger, under-nutrition
and the associated misery. For millions upon millions of people who are already
under threat of food insecurity, climate change may make their current food produc-
tion strategies irrelevant. In this chapter, we examine a number of important issues
and set the scene for the chapters that follow.

Definitions and Terminology

What Is Climate Change?

The climate change issue as one of the main challenging phenomena in recent years
has been debated at different levels from scientifically based consideration to man-
agement discussion and political dimensions over the past thirty years. The
Intergovernmental Panel on Climate Change (IPCC) has investigated climate
change assessments through three working groups, a task force and a task group,
with supporting information derived from monitoring GHG emissions. The activi-
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ties of each working group and of the task force are coordinated and administrated
by a technical support unit (TSU). Working Group I (IPCC-WGI) as can be realized
from its topic (The Physical Science Basis) deals with climate change issues on a
scientific basis, focusing on the physical science of the climate system and cli-
mate change.

Working Group II (IPCC-WGII) has a topic named Impacts, Adaptation and
Vulnerability, and concentrates on the assessment of the vulnerability of natural
systems and of socio-economic factors with climate change. Options for adapting to
negative and positive consequences of climate change are reported by IPCC-WGII,
which assesses the impacts of climate change from a worldwide view to continental
and regional views. All impacted sectors such as ecosystems and biodiversity, and
humans with their diverse societies, cultures and settlements, are assessed in a
region and location. The vulnerability and the capacities and limits of these natural
and human systems are being considered to adapt to climate change and thereby
reduce climate-associated risks, and options are proposed for creating a sustainable
future for all through an equitable and integrated approach to mitigation and adapta-
tion efforts at all scales (IPCC 2019a).

Working Group III (IPCC-WGIIIL: Mitigation of Climate Change) focuses on
climate change mitigation, assessing methods for reducing greenhouse gas emis-
sions, and removing greenhouse gases from the atmosphere (IPCC 2019b).

If we concentrate on food production and food security, we can realize that a
range of various and different factors affect food security. The principal classifica-
tion of the affecting factors may briefly be categorized by sectors as follows: climate
(location characteristics), land base physical (soil, gradient, etc.), and human-related
factors (technology, machinery, social, etc.) (Fig. 1.1).

Fig. 1.1 Principal factors
affecting food security

Climate

Food
Production,
Food

Security
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Fig. 1.2 Main climate-
related factors affecting
food production

Temperature

Precipitation

In general, climate change may refer to “a change in the pattern of weather, and
related changes in oceans, land surfaces and ice sheets, occurring over time scales
of decades or longer” (Australian Academy of Science, no date) (Fig. 1.2).

In relation to the role of emissions, climate change is “a change in global or
regional climate patterns, in particular a change apparent from the mid to late 20th
century onwards and attributed largely to the increased levels of atmospheric carbon
dioxide produced by the use of fossil fuels” (Webster’s Dictionary).

The combination of environmental, socio-economic and geographic factors that
may result in greater variability in weather patterns, mainly in terms of temperature
fluctuations, is referred to as ‘global warming’. Temperatures increase, and rainfall
becomes more irregular, with an increase in the frequency of extreme weather
events, and less predictability in weather patterns (EC-FAO 2012). Adaptation, miti-
gation, and reducing emissions are the three main actions responding to climate
change (EC-FAO 2012).

Climate Variability

Climate variability may refer to shifts of weather patterns occurring over short time
frames such as a 12-month period, or over decades of observation, or even longer.
Climate variability is a function of natural forces and patterns and can be distin-
guished from climate change by being predictable and largely cyclical
(EC-FAO 2012).
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Main Aspects of a Food System

We need to have an integrated view of the various food systems to allow strategic
consideration of food security and provide a road map in relation to the climate
change impact. Key components of the food system could generally be categorized
as described below (K. State 2019).

Food Production, Processing and Distribution

In the frame of food production, growing crops and other food-producing sources
need to be considered carefully and also food harvest, post-harvest transport and
storage are important parts of food production and consumption. Generally food,
once produced, needs to be processed before consumption. Transformation and
packaging of food play very important roles in the food system. Different types of
produced or processed food need different methods of storage. Food distribution
stages including warehousing, transporting and retailing have to be considered
according to the food quality and quantity.

Food Consumption and Food Waste

Food consumption patterns, including diet patterns (which refer to the selected type
of food and cooking and eating methods) are to be reviewed in a food system assess-
ment. Post-harvest losses may be a major factor. Diet patterns are changing and
there is now a narrowing of the range (number) of species of plants and animals that
are eaten (Squires 2019). Wasting of food may take place from the time of its early
production, harvesting, storage, transportation, processing and/or cooking, up to
when it is eaten. Increasing productivity percentages and reducing wasting rate by
using suitable diets and proper methods could help to ensure food security. Food
waste may be highly dependent on the food packaging systems (Fig. 1.3).

What Is Food Security?

Food security, as defined by the United Nations Committee on World Food Security,
“is the condition in which all people, at all times, have physical, social and economic
access to sufficient safe and nutritious food that meets their dietary needs and food
preferences for active and healthy life” (World Food Summit 1996). Food security
comprises four components: availability, access, utilization and stability (FAO 2019).

These definitions apply mainly to the developed world and for some on subsistence
rations there is the question of survival foods and the luxury of ‘safe and nutritious’
may take a lower ranking (Squires et al. this volume). Box 1.1 sets out some further
explanation of what is meant by food security and its components.
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Fig. 1.3 Key components
of the food system
(K. State 2019)

KEY
COMPONENTS

OF THE

\ FOOD SYSTEM

Box 1.1 Some Definitions of Terminology Around Food Security

Access: The degree to which available food can be sourced through markets,
own production, or other means. Households’ or individuals’ ability to secure
adequate resources for acquiring appropriate foods (in terms of macronutri-
ents, micronutrients and cultural acceptability) for a nutritious diet (EC-FAO
2012). The ability of individual households to acquire food, either by produc-
ing it themselves, hunting, fishing or gathering from wild sources, or through
purchases, exchanges or as gifts. Access by individuals to adequate resources
(entitlements) for acquiring appropriate foods for a nutritious diet. Entitlements
are defined as the set of all commodity bundles over which a person can estab-
lish command given the legal, political, economic and social arrangements of
the community in which they live (including traditional rights such as access
to common resources) (FAO 2019). The food access gap measures the extent
to which a household is able to meet the minimum consumption level required
for an adequate diet. The difference between what households can access and
the minimum consumption level is referred to as the access gap (EC-FAO
2012). To be food secure, a population, household or individual must have
access to adequate food at all times. They should not risk losing access to food
as a consequence of sudden shocks (e.g. an economic or climatic crisis) or
cyclical events (e.g. seasonal food insecurity). The concept of stability can
therefore refer to both the availability and access dimensions of food security
(FAO 2019).

Affordability: Purchasing power is a key determinant of access in most
settings. Food access depends on household purchasing power, which varies
in relation to market integration, market access, price policies, and local econ-
omies (in terms of employment and livelihoods) (EC-FAO 2012).

(continued)
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Box 1.1 (continued)

Availability: Adequate quantities of food, supplied through domestic pro-
duction, stocks, imports and food aid to ensure that the minimum nutritional
requirements of the population can be met. Food availability addresses the
‘supply side’ of food security (EC-FAO 2012). It is usually measured in terms
of the total quantity of food that is physically present in the area of concern,
through domestic production, commercial imports and food aid. This may be
aggregated at the regional, national, district or community levels. Food avail-
ability alone is not enough to ensure food security (EC-FAO 2012). The avail-
ability of sufficient quantities of food of appropriate quality, supplied through
domestic production or imports (including food aid) is also important
(FAO 2019).

Food insecurity exists when people are at risk of, or actually are, consuming food
of inadequate quality or quantity (or both) to meet their nutritional requirements.
This may be a result of the physical unavailability of food, a lack of social or eco-
nomic access to adequate food, inadequate food utilization or a combination thereof.
Food insecurity may be chronic, acute, transitory, or cyclical. It may characterize
individuals, households, groups, areas or an entire country (EC-FAO 2012). A
related but separate problem relates to food insufficiency, defined as “the experience
of periodically or consistently not having enough food to eat”. It pertains to food
quantity, not quality, and is not a formal measurement, but is rather a qualitative
judgment (EC-FAO 2012).

Food quality refers to the overall safety and hygiene standards of a given food.
Foods with high quality standards are those which pose no threat to human health.
Food quality may also refer to foods conferred with higher nutritional, cultural or
economic value by virtue of how or where they were cultivated or produced. But in
nutritional contexts, foods with great nutritional utility to the body are considered
higher quality than foods with low nutritional content (EC-FAO 2012).

Food safety encompasses all measures taken during food production, processing,
transport and handling, cooking, consumption and disposal which limit the risks of
food-borne illness. In food security contexts, food safety and food security are seen
as separate and distinct topics, and care should be taken not to use the terms inter-
changeably (EC-FAO 2012). Food safety is a growing concern (Squires et al. 2015,
Squires and Feng, this volume).

Food utilization is important. It is often listed as the third pillar of food security.
The term refers to (a) physical utilization of food at the household level (including
food storage, food preferences, food preparation, feeding practices, and water
requirements), and (b) biological utilization of food at the individual level (health,
hygiene, nutrition, sanitation) (EC-FAO 2012), i.e. households’ use of the food to
which they have access. Utilization includes all food handling, preparation and con-
sumption methods, hygiene and sanitation, and waste disposal. It includes how food
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is distributed within a household. An individual’s ability to absorb and metabolize
nutrients — the conversion efficiency of food by the body — often depends on the
health of the individual (EC-FAO 2012). Food quality and safety are key factors.
The aim is to have utilization of food through adequate diet, clean water, sanitation
and health care to reach a state of nutritional well-being where all physiological
needs are met. This brings out the importance of non-food inputs in food security
(FAO 2019).

Stability of food supply is the fourth pillar of food security. Stability refers to the
continuity of availability, access and utilization over time. It is emphasized in the
World Food Summit definition of food security by the phrase “all people, at all
times”. Major factors that affect stability include climatic uncertainties, uneven
income-earning opportunities, crop disease, etc. (EC-FAO 2012).

Ensuring access to food and achieving food security, as defined here, will need
to be considered in relation to the influential factors in the food production system.
The main important factors could be summarized in four principal sectors: (1) bio-
diversity, (2) climate, (3) soil, and (4) water (see Fig. 1.4).

Biodiversity
(species including
fauna and flora)

WEIEHES

aquatic Food Climate

(different
ecosystems)

ecosystem or production
water usage)

Soil (as land
ecosystem or
nutritional
based)

Fig. 1.4 Main factors related to food production
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What Is the Global Food Security Index?

The Economist Intelligence Unit’s Global Food Security Index (GFSI) is a country-
level food-security measurement tool that addresses the issues of affordability,
availability, quality and safety in 113 countries around the world (The
Economist 2018).

When we deal with food security, we need to have a general and clear under-
standing of some related terms. Some food security definitions have been provided
here. But terms such as food access, affordability, food availability, food insecurity
or insufficiency, food quality, food safety, food stability, and food utilization carry
meanings that cover a set of required actions. For example, shock leading to food
vulnerability is a function of exposure, susceptibility, and resilience to shock, lead-
ing to a possibility of negative outcomes (EC-FAO 2012). Generally, the level of
vulnerability is determined by the inadequacy of adaptive mechanisms, coping
mechanisms or accumulated capital or food stocks to meet daily needs (EC-FAO
2012). So if reduction of vulnerability is among our objectives, we need to enhance
individual adaptive mechanisms to cope with vulnerability matters in accordance
with daily needs (Van t"Wout et al. this volume). Depending on different scenarios
and time frames, various vulnerability maps could be drawn. For example, climate
scientists from the Met Office Hadley Centre have worked in collaboration with
food security analysts from the World Food Program to better understand the rela-
tionship between climate change and food insecurity (https://www.metoffice.gov.
uk/food-insecurity-index/). An example is shown here as Fig. 1.5.

Food Security Risk Index 2013 $¥ maplecroft
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Fig. 1.5 Food insecurity is not uniformly distributed. Areas of extreme risk (red on this map) are
mostly in Africa or in war-torn regions such as Afghanistan
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Principles of Climate Change

To have a clear and transparent view of climate change in certain areas and under-
stand its effect on a particular sector or ecosystem, we should collect and analyze
the necessary information related to the four essential stages.

1. Revealing changes (detection) in climatic factors (1st stage)

As afirst step, it is necessary to provide a clear picture of the current climate situ-
ation in a study zone and or region by using observed data and also to estimate cli-
mate change by producing proxy data for the past using proper methods such as
dendrochronology. In this stage, it is also possible and suitable to have some future
projections of climate change according to the different scenarios which may exist
in a region, e.g. dependency on thermal power stations or on groundwater extraction
for irrigated food crop production.

2. Impact and vulnerability (2nd stage), adaptation (3rd stage) and mitigation
(4th stage)

When different climatic factors change the effects of climate change on different
sectors, it is clear that these impacts could sometimes expose vulnerability.
Vulnerability is a function of exposure, susceptibility, and resilience to hazard/shock,
leading to the possibility of negative outcomes. In general terms, the level of vulner-
ability of a household and/or individual is determined by the inadequacy of their adap-
tive mechanisms, coping mechanisms or accumulated capital or food stocks to meet
their daily needs (EC-FAO 2012). Vulnerability of a sector or crops to a changing
climatic factor need to be studied and recognized (Van t"Wout et al. this volume,
Nagabhatla this volume).

Climate change adaptation refers to the actions taken to lower the adverse effects
of climate change and more particularly, any action taken to permanently eliminate
or drastically reduce the long term risk and hazards of climate change to biodiversity,
human life and property. Even if the emission of greenhouse gases is stabilized
through climate change mitigation, the effects of global warming may last many
years, and adaptation is necessary to face the changes in climate. Thus, climate
change adaptation includes anticipating the negative consequences of climate change
and taking appropriate measures to prevent or reduce the damage it can cause.

Adaptation to a changing climate is inevitable and much has been written about
the types of adaptations that society and individuals within it may need to follow.
Many adaptations and mitigation options can help address climate change, but no
single option is sufficient by itself. Effective implementation depends on policies
and cooperation at all scales and can be enhanced through integrated responses that
link mitigation and adaptation. A more pro-active approach is to try to mitigate the
impacts by pursuing a raft of policy and ‘on-the-ground’ measures to retard the rate
and severity of climate change. Mitigation — reducing climate change — involves
reducing the flow of heat-trapping greenhouse gases into the atmosphere, either by
reducing sources of these gases (for example, the burning of fossil fuels for electric-
ity, heat or transport) or by enhancing the ‘sinks’ that accumulate and store these
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gases (such as the oceans, forests and soil). The goals of mitigation are to avoid
significant human interference with the climate system and stabilize greenhouse
gas levels.

The role of mitigation in the frame of climate change and its impact on food
security could be considered in different dimensions. Some of these issues may
generally be categorized as described below.

Food production patterns can change. Examples are changes in types of live-
stock (in terms of comparing GHG production) or types of crops (in terms of water
use efficiency). Reductions in methane (CH,) will help retard the rate of global
warming (Steinfeld et al. 2006) while increased water (and fertilizer) efficiency will
lower costs and reduce harmful contaminants entering the environment. Other
examples are employment of technology in agricultural systems such as ‘drought
tolerant crops’, micro-irrigation, climate-smart agriculture, etc., and adoption of
other new technologies, e.g. drones, for precision crop spraying, etc.

Food consumption patterns are changing as more and more people become
urbanized and demand more meat and dairy products in their diets. At the same time
there are advocates of a return to diets based on a wider range of components. The
case has been made for a shift to mini-livestock (insects, rodents, reptiles, etc) and
the Food and Agriculture Organization of the United Nations (FAO) and World
Health Organization (WHO) have been supportive of such moves (Vietmeyer 1991,
van Huis and Oonincx 2017, Hoffman and Cawthorn 2013). Others advocate heavier
reliance on ‘local’ foods including those from natural vegetation (Vinceti et al.
2013, Bharucha and Pretty 2010).

Principles of Food Security

Four pillars have been identified by the FAO, related to food security: 1. Availability:
Food can be provided by food production or food purchasing. 2. Access: This is a
contested concept that is not easily defined. 3. Utilization: Reference has already
been made to processing of foodstuffs to improve palatability, nutritive value or
shelf life. The specter of food waste is also a concern and heightened awareness of
the need to avoid practices that are wasteful and reclamation or re-use of food are
encouraged. 4. Stability: Many food crops are vulnerable to climatic variability that
can destroy them at critical times, e.g. unseasonal frost, or at flowering time or at
fruit ripening, winds can cause grain crops to ‘lodge’ with considerable loss of grain
yields, etc. Continuity of supply of key food items may not be guaranteed.

Interaction Between Food Security and Climate Change

Food security is a multidimensional problem and climate change is not the only
trigger but one of the important dimensions. There are also other important issues
such as vulnerability, conflict, population dynamics, etc. It is also important to men-
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tion that land use, land use change and deterioration of land by different causes will
certainly impact on food security in various ways.

At the global level, governments are trying to achieve the agreed United Nations
Sustainable Development Goals (SDGs). These goals are closely linked together.
SDG13 is highlighting the impact of climate change which directly or indirectly
impact on poverty (SDG1), hunger (SDG2) and water (SDG6). All are likely to be
severely affected by population increase (Godfray et al. 2010) and by climate
change. According to the climate change projections, temperatures will increase as
well as the frequency and severity of extreme weather events and precipitation, and
the predictability of weather is projected to reduce as set out in Box 1.2 (Lewis
et al. 2018).

Box 1.2 The Main Conclusions of Analyses by Panels of Experts
“Increasing the risk of hunger, climate change increases the frequency and
intensity of some disasters such as droughts, floods and storms. This has an
adverse impact on livelihoods and food security.”

“Food availability: Changes in climatic conditions have already affected
the production of some staple crops, and future climate change threatens to
exacerbate this. Higher temperatures will have an impact on yields while
changes in rainfall could affect both crop quality and quantity.”

“Climate change can disrupt food availability, reduce access to food, and
affect food quality. For example, projected increases in temperatures, changes
in precipitation patterns, changes in extreme weather events, and reductions in
water availability may all result in reduced agricultural productivity.”

The Global Food Security Index (GSFI), impacted as it is by climate change,
should take into consideration the issues of affordability, availability and quality at
global, regional, national and local levels. These indices need to be used for adapta-
tion of plans of action (Figs. 1.6 and 1.7).

The principal livelihood sectors producing food may be listed as follows: fruit,
vegetables, cash crops, cereals, legumes, sheep, tree crops, goats, barley, camels,
fishing, horticulture, poultry, and off-farm work. The farming systems based upon
water usage (Nagabhatla et al. this volume) may be mentioned as follows: irrigated,
highland mixed, rain-fed mixed, dry land mixed, pastoral, sparse (arid), coastal arti-
sanal fishing, and or urban-based (Lewis et al. 2018).

To consider the major trends affecting agriculture for small-scale farmers in
the Near East North Africa (NENA) region, the FAO has developed Climate
Impacted Farming System (CIFS) maps, which, by using temperature and precipi-
tation data, demonstrate what changes will occur for the farming systems of the
region in moderate and worst case scenarios by the mid-twenty-first century and
allow identification of the potential hot spot areas in the considered region for
agriculture under a changing climate (Lewis et al. 2018) (Fig. 1.8).
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Fig. 1.8 Interaction
between climate change
and food security
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Food security and food production are tightly linked with social and economic
conditions of related societies and areas. This factor has a much more critical role
when we are faced with climate change, which is due in part to human activities.
Social and economic factors impact on technological advances and on the direction
of research into resilience and the sustainability of investment in vulnerable and
food insecure areas.

According to The Economist Intelligence Unit report on the Global Food Security
Index (GFSI), the trend in global food security returned to positive territory in the
year 2018, after its slight decline in 2017 (The Economist 2018). According to the
report provided by The Economist, when the Natural Resources and Resilience cat-
egory is applied as an adjustment factor to different income groups, the average
food security scores for high-income countries are heavily exposed to the impacts
of climate and natural resource risks. Climate and natural resources risks pose a
threat for most regions and all governments have to prepare to face this daunting
challenge (The Economist 2018).

Strategic Road Map of Climate Change and Food Security

The key features are captured in Figs. 1.9 and 1.10.

If successful there should be significant regional and global mitigation of global
warming by limiting GHG emissions and major and widespread uptake and opera-
tionalization of adaptation strategies.
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Fig. 1.9 Strategic road map of climate change and food security
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Fig. 1.10 Important advances in resilience policy and strategies
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Chapter 2

Commentary on Challenges to Taking

a Food Systems Approach Within the Food
and Agriculture Organization (FAO)

Mohammad Hossein Emadi and Maryam Rahmanian

Introduction

Achieving food security and nutrition worldwide has been a global concern since
the 1930s and in fact provided the impetus for the creation of the United Nations’
Food and Agriculture Organization in 1945. This goal, articulated as reducing the
number of the hungry by half by 2015, has been adopted in numerous global summit
declarations (the World Food Summit in 1996 and the World Food Summit: five
years later in 2002) as well as the Millennium Development Goals. The Sustainable
Development Goals increased the ambition and set a goal of ending hunger and all
forms of malnutrition by 2030. Despite promising developments in reducing hunger
for some years, more recent trends are worrying. According to the latest SDG prog-
ress report, an estimated 821 million people — approximately 1 in 9 people in the
world — were undernourished in 2017, up from 784 million in 2015 (UNSG 2019).
This represents a worrying rise in world hunger for a third consecutive year after a
prolonged decline. Overweight and obesity continue to increase in all regions (FAO
et al. 2019). In 2016, 131 million children 5-9 years old, 207 million adolescents
and 2 billion adults were overweight. Of those who were overweight, a third of
adolescents and adults and 44% of children aged 5-9 were obese.

A focus on agricultural productivity has dominated global efforts to achieve food
security, including the work of the Food and Agriculture Organization (FAO) of the
United Nations, for several decades. Despite important work showing the availabil-
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ity of sufficient quantities of staple foods and the lack of access of the poor to food
(Sen 1981), investments have continued to focus on increasing productivity, mirror-
ing the prevalence of export-led agricultural policies around the world. Projections
of global population growth, some predicting a population of 10 billion by 2050,
regularly bring renewed calls for new sophisticated technologies or the further
exploitation of shrinking natural resources to increase production. The International
Panel of Experts on Sustainable Food Systems has identified “feed the world” nar-
ratives as one of the important lock-ins that is keeping the industrial food system in
place and hindering efforts to diversify food and agriculture systems (IPES-
Food 2016).

The need to take a food systems approach, one that would look beyond increas-
ing agricultural productivity, started gaining in prominence during the last decade.
Particularly since the global food price spikes of 2007-2008, and new challenges
posed by climate change, obesity, food losses and waste to name a few, the scientific
and policy communities have focused their attention on multiple problems within
global food systems. The High Level Panel of Experts on Food Security and
Nutrition (HLPE 2014) has defined a food system as “all the elements (environ-
ment, people, inputs, processes, infrastructures, institutions, etc.) and activities that
relate to the production, processing, distribution, preparation and consumption of
food, and the outputs of these activities, including socio-economic and environmen-
tal outcomes.” Besides understanding the linkages between the activities of various
actors in the food system, from production to processing and consumption, food
systems must also be understood as shaped by power imbalances among those
actors (IPES-Food 2015).

In line with this “systems approach”, as a holistic approach that considers mul-
tiple issues and their dynamic interrelations, a number of recent initiatives have put
the issue of appropriate food policies on the table in Canada (Food Secure Canada),
Europe (IPES Food) and in cities (the Milan Pact). Some of these initiatives men-
tion production (always placing the emphasis on sustainable production), but they
also raise the importance of issues such as sustainable diets, shorter and fairer sup-
ply chains, trade, equity, food waste, culture and identity and the right to food.
Many of these initiatives also place importance on process-related issues, such as
the importance of inclusivity and cross-departmental governance structures to
develop and implement effective food policies (IPES, Milan, Canada).

The term food system started to enter FAO’s vocabulary since about the 2010s
(see, for instance, FAO’s Medium Term Plan 2010-13). In 2012 FAO hosted an
electronic consultation on “Linking Agriculture, Food Systems, and Nutrition”.
Alsoin 2012, FAO presented a Reviewed Strategic Framework which presented five
Strategic Objectives, the fourth of which was “Enable more inclusive and efficient
agricultural and food systems at local, national, regional and international levels”.
The emphasis here was on connecting smallholders to increasingly globalized mar-
kets, demonstrating a fairly narrow conceptualization of “food systems’ as one that
is close to the concept of value chains. The 2013 FAO publication, the State of Food
and Agriculture, focused on food systems and nutrition and was an influential
resource for putting the topic on the global agenda.
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An internal reorganization led to the establishment of the Nutrition and Food
Systems Division in 2015. In 2016, FAO included nutrition as a new cross-cutting
issue in its results framework.! Linking nutrition with wider agricultural policies is
not new to FAO, but it has not had the prominence that agricultural production has
enjoyed. The 1943 conference that led to the establishment of FAO concluded that
food policy and the agricultural policies of the nations must be considered together.
A historical review of FAO’s attempts to link nutrition and agricultural policies can
be useful to understand the challenges that FAO faces in taking a food systems
approach.

Historical Context

League of Nations

In the early 1930s, the League published a highly regarded scientific report on nutri-
tion (the Interim Report of the Mixed Committee) (Way 2013). At that time, the
focus of the League on health and nutrition was greater than on agriculture. It is
interesting to note that this report focused overwhelmingly on malnutrition in devel-
oped countries (Ruxin 1996). Following from this, and responding to growing rec-
ognition of the importance of nutrition for health, the League appointed an
international nutrition officer (Phillips 1981).

The interest in nutrition was driven by science, which at that time identified spe-
cific vitamins and for the first time made the link between the absence of these
vitamins and certain diseases. Dietary standards incorporating these early discover-
ies were devised in the 1920s. With a standard established, it was possible to calcu-
late the cost of an adequate diet. Surveys following establishment of dietary
standards in the 1920s showed that substantial proportions of populations, even in
advanced countries, could not afford a diet adequate for health (Way 2013).

In 1935 the Assembly of the League of Nations discussed a memorandum enti-
tled “The Agriculture and the Health Problems”. This memorandum analysed the
causes of agricultural problems, argued the benefits of improved nutrition and called
for a reorientation of agricultural policy, meaning that industrial countries should
concentrate on producing more nutritious “protective foods” (e.g. dairy products,
vegetables and fruit), benefiting both consumers and producers. This was proposed
as the “marriage of health and agriculture” and went against the accepted policy
beliefs at the time, according to which the problem of farm incomes could be
addressed through import quotas, production limits, protective tariffs and pooling
schemes to keep prices high. The proposal was to keep the highly nutritive, “protec-
tive foods” (e.g. dairy products, vegetables and fruit) within the purchasing power
of the poor by increasing food production and lowering its price (Way 2013).

!'See http://www.fao.org/3/a-mm710e.pdf.
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According to John Boyd Orr, the first Director General of FAO, “The growing
demand to get the new science of nutrition applied for the improvement of the health
and physique of the nation calls for a reconsideration of the Government agricul-
tural policy ... a State agricultural policy must form part of a national food policy,
the basis of which must be the provision of a diet adequate for health for every
member of the community” (Quoted in Ruxin 1996).

In 1937 the League of Nations produced a report on The Relation of Nutrition to
Health, Agriculture and Economic Policy (cited by Phillips 1981), which became a
bestseller among League publications (Way 2013). One of its 15 recommendations
was to promote steps to improve and cheapen marketing and distribution of protec-
tive foods. Although immediate changes in government policies were negligible
(except for the formation of national nutrition committees in some 40 countries),
nutrition became a subject of wider public debate and education (Way 2013).

This approach to nutrition clashed with economic and commercial policies.
Tension developed between measures to raise agricultural prices and efforts to
improve health. Concerned doctors and scientists met with the resistance of govern-
ments who feared the cost of acting to ensure healthy nutrition for all. At the same
time, industry was promoting the health benefits of various foods, such as milk in
the USA, and successfully increased consumption several fold (Way 2013). The
purpose, however, was to meet the economic needs of agriculture, rather than the
health needs of the population.

Establishment of FAO: Nutrition and Agriculture Linkages
Are Key

Efforts to address hunger globally by the League of Nations were interrupted by
WWII, which did, however, bring the problem of hunger into sharp focus, on the
one hand by interrupting production and trade and on the other with the latest
science of the time showing that nutrition was a necessary condition for success in
war by supporting the health of soldiers. It was during this period of crisis that the
establishment of FAO was planned. The proponents of the nutrition approach at the
League of Nations spent the war years taking their ideas to the USA, where they met
with support (Way 2013). They proposed an international food organization to pro-
mote the increased consumption of food along the lines indicated by the latest nutri-
tion science and steps towards reconciling national policies on agriculture and
commerce with nutrition policies. They tried to convince US leaders to convene an
international conference by promoting food security and nutrition as a means of
preventing post-war conflicts of interest.

President Roosevelt convened the United Nations Conference on Food and
Agriculture at Hot Springs in May 1943 (UN, 1943). This Conference laid the
groundwork for the establishment of the Food and Agriculture Organization of the
United Nations in October 1945. An Interim Commission on Food and Agriculture
was established which prepared the FAO constitution, and five technical reports
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were prepared to explore and propose activities of the soon to be established
FAO. One of these was on nutrition and food management. Nutrition was also
prominent on the agenda of the Conference. Recommendations focused on topics
including the improvement of national diets; diets of vulnerable groups; malnutri-
tion and disease; deficiency diseases; national nutrition organizations; and dietary
standards (Phillips 1981).

The Final Act of the Hot Springs Conference put nutrition as central in its vision
for a world free of want. The 1943 conference declaration was very significant for
its strong emphasis on bridging food and agriculture, stating that a substantial
increase in food production would be needed but stressed that quality of product
was important as well as quantity (UN, 1943). The Conference emphasized the
importance of “secure, adequate and suitable supply of food” and frequently referred
to the need for “more and better food” with “greater emphasis on foods rich in vita-
mins, minerals and proteins”. The conference’s first priority was guaranteeing suf-
ficient calories but “preferably done by means of a variety of foods so that appreciable
amounts of other nutrients are contributed to the diet” (Fanzo and Byerlee 2019).

“The work of the Conference emphasized the fundamental interdependence of
the consumer and the producer. It recognized that the food policy and the agricul-
tural policies of the nations must be considered together” (Final Act, p.1). The
Declaration has several sections (indeed the first ones) that focus on nutrition:
improvement of national diets, diets of vulnerable groups, malnutrition and disease,
deficiency diseases, national nutrition organization, and dietary standards. The Final
Act recommends each country to develop a national food and nutrition policy, to the
full fruition of which related social and economic policies will need to be adopted
(Final Act, p.33). “One other agricultural and economic consideration, which has
received attention in other reports, is the need for shifting the emphasis in many
countries from the production of cash crops to food crops for human consumption.
Land, time and effort should, in particular, be given to the production, near to the
consumer, of those foods of high nutritive value which, at the same time, are perish-
able and difficult to transport and distribute” (Final Act, p.42).

Following some preparatory work after the Conference, the FAO was established
as the first permanent specialized agency of the United Nations, in October 1945
with the objective of eliminating hunger and improving nutrition and standards of
living by increasing agricultural productivity.

First Years of FAO: Fading Support for Linking Agriculture
and Nutrition

Reflecting divergent views about its role among member countries, FAO’s constitu-
tion was ambiguous, generally favouring an advisory role but allowing room for
an executive interpretation. In reality, trade and commodity interests prevented
FAO from playing a truly global coordination and strong governance role.
Powerful countries (Britain, USA) were not prepared to hand over decision-making
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authority to an overarching organization that they did not fully control. In the
years after World War II, FAO made several attempts to propose international
systems of coordination on agriculture policies, including the ambitious World
Food Board (McDonald 2018).

The World Food Board attempted to respond to the need to stabilize the agricul-
tural situation in the long term by organizing production, distribution and consump-
tion to prevent both shortages and surpluses. The main idea was to stabilize world
market prices of agricultural products in order to incentivize expanded production.
This proposal was based on the proposal that FAO would operate buffer stocks to
stabilize the prices. At the core of the World Food Board lay the notion that increased
trade with all its attendant benefits would only materialize in regulated markets, not
in a resort to a free market (Jachertz 2015).

The proposal for a World Food Board, which was put forward very soon after
FAO'’s establishment, identified two main problems: insufficient nutrition on the
one hand and agricultural production on the other, particularly in “expensive foods
of special value to health” such as milk, eggs and meat (McDonald 2018). US and
British opposition to the proposal forced the establishment of a preparatory com-
mission to consider other proposals (Way 2013; Staples 2006). Their opposition
was based on the position that agricultural trade should fall within the responsibility
of the proposed International Trade Organization (which never got off the ground),
rather than the FAO (Jachertz 2015). Ultimately FAO was unsuccessful in overcom-
ing the reluctance of member nations to give up national control and sovereignty
over even a limited aspect of agriculture and food production.

Overall Evolution of FAO Shaped by Political and Economic
Interests of Its Member Countries and Their Global
Interactions

Following its initial years, the evolution of FAO’s role has continued to be strongly
shaped by political developments and the relative power of different groups of coun-
tries, often developed versus developing, or more recently commodity importing
versus exporting countries (McKeon 2015; ETC Group 2009). Another source of
tension is between national sovereignty on the one hand and internal coordination
and collective decision-making on the other. The interests of different groups of
countries have kept important issues, such as trade, off the table and have always
hampered attempts to take an approach that sees the interlinkages between various
aspects of food systems.

Seeking to avoid these tensions, in its first decades, FAO focused on laying the
foundations for its future work through gathering data, for instance, by conducting
the first world food survey in 1946 and the world census on agriculture in 1950.
It also addressed more urgent issues related to food shortages.
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During the 1960s which heralded the decolonization movement and the forma-
tion of the G-77%in 1964, which called for a New International Economic Order and
strongly supported UNCTAD and the UN Centre on Transnational Corporations,
FAO was seen as an important tool for developing countries to pursue their common
interests. The emphasis of FAO’s approach during this period on supporting national
self-reliance through food stocks, as well as regional cooperation, reflected the revi-
talization of developing country efforts in using FAO for their own purposes.
However, once again this approach was challenged by the major grain-exporting
countries (USA, Canada and Australia) and influenced by only five companies
which controlled the grain trade (Jarosz 2011).

An oil price hike and poor harvests brought about a global food crisis in the
1970s and gave countries concerned with FAO’s policy directions the opportunity to
delegate important roles to other, newly founded institutions. FAO’s food aid,
finance and research functions were divided up and delegated to newly created insti-
tutions without the one nation/one vote rule that governs FAO. Beginning in the
1960s, FAO’s role in agricultural research was undermined, and despite opposition
from FAO, the Consultative Group on International Agricultural Research (CGIAR)
was formed in 1971 outside the UN System and headquartered at the World Bank.
Financial support role of FAO as a funder of agriculture and rural development was
handed over to the newly established International Fund for Agricultural
Development (IFAD), and the World Food Programme (WFP) was separated from
its original home in FAO to cover food emergency role. During this period the USA
proposed the formation of a new global governance body for food and agriculture to
be called the World Food Council. While its role was kept deliberately vague, the
presumed intent of the WFC was to take over the policy-setting functions of
FAO. The ineffective World Food Council was finally discontinued in 1993
(ETC Group 2009).

The creation of the CGIAR reflected the emphasis placed during this period (and
still to this day) on agricultural science and technology to increase productivity. The
Green Revolution made major contributions to agricultural productivity and reduc-
ing hunger from the 1960s (although its environmental impacts have come under
strong criticism in recent years), and FAO concentrated on programmes for the
development of high-yield strains of grain, the elimination of protein deficiencies,
the provision of rural employment, and the promotion of agricultural exports.

Starting in the 1980s, the emphasis was put on trade liberalization and economic
growth as a way to replace food stocks, supply management and subsidies, which
were seen as a means to ending poverty and hunger and achieving development.
International financial institutions imposed structural adjustment programmes on
debt-ridden developing countries, forcing them to open their markets to global trade
and to reduce their support to agriculture. Self-sufficient countries in the developing
world were transformed into importing countries. The economic upheaval caused

>The Group of 77 (G-77) was established on 15 June 1964 by 77 developing countries signatories
of the “Joint Declaration of the Seventy-Seven Developing Countries” issued at the end of the first
session of the United Nations Conference on Trade and Development in Geneva.
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by these programmes was to be addressed with food aid. The G7/8 emerged as an
important promoter of these policies, and the World Trade Organization was estab-
lished in 1995. At the same time, corporations and market integration grew, as did
the influence of corporations on global food policies. From the 1980s to the
mid-2000s, governments persisted in the belief that world hunger was no longer an
issue. As a result, funding for agricultural and rural development collapsed, there
was underinvestment in national agricultural research in most countries, and multi-
national corporations consolidated horizontally and vertically in industrial food
chains (ETC Group 2009).

At the same time, the 1980s and 1990s saw an increased interest in equity and
rights issues, driven in part by the research of Nobel prize winner Amartya Sen
which showed that hunger was not driven by lack of food supplies, but by social and
economic realities of the lives of the poor. One strand of policymakers and other
advocates called for a shift in thinking from “food supply” to “access to food”
(although the attention to increasing productivity did not subside). Poverty allevia-
tion and social protection programmes emphasizing food staples were prioritized.
The World Food Summit Declaration aimed to create the basis for food security at
the individual, household, national, regional and global scales. The Declaration
affirmed the right of people everywhere to have access to safe, nutritious and ade-
quate food as well as the right to be free from hunger. However, opposition on issues
related to the environment and the limitations of the productivity paradigm, rural
poverty, food sovereignty and human rights also grew during this period.

From the mid-2000s, the negative impact of two decades of structural adjustment
programmes became undeniable. In 2005 the Doha round of negotiations at the
WTO was effectively blocked due to disagreement on agricultural issues. In 2008
the World Bank’s World Development Report admitted that insufficient attention
had been given to the contribution of agriculture to economic growth. The 2007—
2008 world food crisis hit in this context and helped to bring back to the table issues
such as food stocks, the role of agriculture in economic growth and poverty reduc-
tion (in particular smallholder farming) and human rights. In April 2008, the
Secretary General of the UN established the UN High Level Task Force on the Food
Security Crisis. The crisis also led to the establishment of a new body to address
gaps in food security and nutrition governance with increased inclusion and trans-
parency: the reformed Committee on World Food Security (2009). The reform of
the CFS renewed hopes in a fair and accountable system of food governance, but the
political problems that have been evident since FAO’s establishment have also
emerged in the CFS and, as a result, hope that the CFS will not only be able to dis-
cuss controversial issues such as trade but also influence the actions of the relevant
institutions, is waning.

FAO’s governance structure, which gives each member state one vote regardless
of population and economic and political power, has been seen by some member
countries as an inhibitor or threat to pursuing their own global agricultural trade
interests and objectives. This led to a progressive weakening of FAO which gener-
ally continues to this day, as seen in the tendency of major donor countries to limit
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their contributions to the regular programme of FAO based on nominal budget
(which is controlled by collective decision of all member countries and is fixed dur-
ing last decade) and focus on the extra-budgetary contributions, which are severely
directed or controlled by the contributor’s preferences or interests.

Nutrition Within the Overall Evolution of FAO

As mentioned above, the initial post-war idealism and enthusiasm for a global insti-
tution which would deliver on nutrition through reorienting and globally coordi-
nated agricultural policies was strongly opposed and lost steam in the first years
after FAO’s establishment. Despite FAO’s constitutional commitment to improving
the nutritional status of the world population, the Nutrition Division was dwarfed as
other parts of the organization grew and expanded. In 1955, FAO’s budget for its
Nutrition Division represented only 5-6% of its total expenditures and consistently
had the smallest budget of the five FAO divisions. While the reason for this dramatic
decline in attention to nutrition is not clear, there is some indication that this was
due to lack of requests for support on nutrition from member countries (Ruxin
1996). The work of the other divisions focused on more tangible production-related
issues, such as animal disease control and crop production, which gained more sup-
port from the governmental delegates representing their countries in FAO’s govern-
ing bodies, usually from the ministries of agriculture.

FAO’s work on nutrition has tended to steer clear of controversial issues such as
trade. FAO collects and publishes statistical material on the production and con-
sumption of food worldwide and has played a part in many transnational ventures
aimed at formulating global standards. Together with the WHO, FAO elaborated
nutritional requirements which were used to assess if food production was keeping
pace with nutritional needs and discussed the use of food additives. Also in partner-
ship with the WHO, FAO established the Codex Alimentarius in 1963, the interna-
tional agreement which sets the global standard for food safety.

In the 2000s, FAO’s work on nutrition included (i) scientific advice including
food composition and nutrient requirements; (ii) information, assessment, analysis
and statistics; (iii) integration of nutrition into field programmes including nutrition
education and community-based nutrition; (iv) policy assistance; and (v) normative
work (FAO 2011).

The Independent External Evaluation of FAO found that the Organization’s work
in food policy does not adequately integrate nutrition considerations and, equally,
that its work on nutrition has been conducted in isolation from work on economic,
social and food policy (FAO 2007). Similarly, the 2011 evaluation of FAO’s work
on nutrition concluded that FAO suffers from a siloed approach to nutrition and that
nutrition is not well integrated into the work of the other divisions and departments
(FAO 2011). The current Strategic Framework includes nutrition as a cross-cutting
theme, but in practice there is very little integration of nutrition in work related to
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production. Of equal concern, the evaluation found that FAO had performed weakly
at articulating how agriculture and food-based approaches can contribute to tackling
hunger and malnutrition, taking into account the double burden of undernutrition
and overnutrition (FAO 2011).

In 1992 and again 2014, FAO partnered with WHO to convene the first and sec-
ond World Conference on Nutrition to raise policy attention to nutrition. The latter
led to the Rome Declaration on Nutrition which calls for trade policies to be condu-
cive to fostering food security and nutrition for all, through a fair and market-
oriented world trade system, but does not say how this system should come about.
The follow-up, the UN Decade of Action on Nutrition (2016-2025), has developed
a Work Programme that has an action area on trade and investment for improved
nutrition, but again it is quite vague, and it is not clear who is responsible for imple-
menting the Work Programme.

The latest FAO Mid Term Program (MTP) shows FAO’s attempt to articulate the
connection between nutrition and food systems. FAO locates several drivers of the
global obesity and non-communicable diseases epidemic within food systems, from
primary agricultural production (intake of various chemical contaminants, toxins
and antimicrobials present in food and water) to consumption (the composition and
nutritional quality of diets) (FAO MTP June 2019). Issues related to world trade,
and global commodity prices, are not however included in FAO’s food systems
approach to nutrition.

Nutrition Issues Today: New Challenges for FAO

The Sustainable Development Goals (SDGs) replaced the MDGs and heralded a
new global move towards a comprehensive, multidimensional and holistic approach
to addressing food security, hunger and malnutrition. The SDGs were both bolder
and broader in their approach to eliminating hunger and malnutrition than any pre-
vious international efforts. They reintegrated agriculture, diets and health as a vital
solution to the problem of malnutrition. This integration inherently requires more
complex multidimensional approaches to addressing hunger and nutrition by all UN
agencies including FAO, and the attempt should go well beyond food availability
and access to achieve food security throughout food systems.

Nutrition and health issues have changed greatly over the past decades. There is
evidence that almost half of the global burden of disease and more than half of all
annual deaths are related to diet-related diseases (WHO 2002). At the same time, the
poor are feeding on empty and cheap calories which fuel obesity. As people every-
where are cooking less and eating more processed foods, the role of the private
sector, which is increasingly consolidating its control of entire food chains, is
expanding.
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Discussion

At a time when a “food systems” approach is becoming a policy focus for the FAO,
in particular, and the UN in general, it is interesting to note that the proposal of
linking food (and nutrition) policies and agricultural policies in a coherent way is
not new and was even central at the time of the establishment of FAO. However
concerns about the high costs of nutritious diets and the loss of sovereignty of coun-
tries (that were asked to submit their agricultural policies to a global coordination
body) blocked progress in this area. This shows that linking different objectives (in
this case nutrition and agriculture) is a challenging and political task, and this is
precisely what is required when taking a comprehensive, holistic and systemic
approach.

Although FAO’s policies may seem incoherent and inconsistent to outside
observers, this is largely a result of its role in mediating the opposing interests and
growing conflicts within global context and eventually among its membership.
These are increasingly shaped by the growing role of the private sector with the rise
of large, concentrated international food industry and mega or multinational corpo-
rations. It is their effective lobbying systems and power that often dictate govern-
ment’s formal political positions and capital’s vote.

Trade is a fundamental part of most food systems today, and as the nature of
global trade changes, new challenges arise for the global institutions that have a role
in regulating it. In the last 70 years, there have been huge changes both in agricul-
tural production systems and also in markets and trade. First because of lower trans-
port and energy costs and other policies, trade is totally globalized and happens at
very high levels. So trade issues have become more complex and essential for major
producers and consumers of food and agricultural products. Environmental and cli-
mate change also is making current challenging situation worse and undermining
food system in general and food supply side in particular which will impact trade
particularly in fragile developing countries (IPCC 2019).

There are different blocs of countries: low labour and resource costs, high labour
costs and importance of environmental issues. In recent decades these blocs have
been shifting as it is no longer north versus south given that there are also several
countries with rapid growing economies, low labour costs and relatively plentiful
environmental resources. The labour, resources and products of these countries are
being used by other countries which have environmental protection legislation and
higher labour standards, while also having access to raw materials and inexpensive
labour through expanded global trade and low-cost transportation.

Economic events and international trade generally affect food system and nutri-
tion, depending on the extreme poverty level, and inequalities in income distribution
and also the overall performances of national economy. Economic slowdowns and
downturns during 2011-2017 period pose major challenges for food sector and
nutrition, creating constant escapes and increasing inequalities (FAO 2019). On the
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other hand, the international agreements and regional trade commitments are fad-
ing, and role of the WTO is rapidly declining, though it is not able to intermediate
the different interests of its members any longer. In such global settings, FAO even
through its normative mandate is unlikely to be able to play a noteworthy role in
trade of food and agriculture because its members, today as in the past, are not likely
to compromise and accept having less authority in such a chaotic unpredictable situ-
ation. The intensive election process and unexpected result of the newly (2019)
elected Director General of FAO could be considered as the reflection of the above
mentioned polarising global context and the diverse trend of member countries.

Notwithstanding this limitation, one possible way of promoting a more systemic
approach to food security and nutrition would be to open up policy discussions to
multidisciplinary approaches and interdisciplinary platforms.®> All major relevant
stakeholders beyond agriculture, such as health and environment, need to be
involved in this process. The inclusion of a wider number of relevant sectors (beyond
simply agriculture) may take more time and longer procedures but will cause shifts
in alliances between countries and would lead to new process and eventually sur-
prising outcomes called “emergent properties” in systems thinking.

References and Further Readings

ETC Group. (2009). Who Will Govern? Rome’s food summit may determine who decides who
will eat. Communique. Issue 103.

Fanzo, J., & Byerlee, D. (2019, July). After 75 years, Agriculture and nutrition meet again, A history
of shifting global priorities in the fight against hunger. IFPRI Blog.

FAO. (2007). Report of the independent external evaluation of the food and agriculture organization
of the United Nations (FAO). Rome.

FAO. (2011). Evaluation of FAO’s role and work in nutrition. Rome.

FAO. (2019, October).The state of food security and nutrition in the world: Safeguarding against
economic slowdowns and downturns. FAO, Rome.

FAO, IFAD, UNICEF, WFP and WHO. (2019). The state of food security and nutrition in the
world 2019: Safeguarding against economic slowdowns and downturns. Rome, FAO.

HLPE. (2014). Food losses and waste in the context of sustainable food systems. A report by the
high level panel of experts on food security and nutrition of the committee on world food
security, Rome.

IPCC. (2019) Climate change and land, an IPCC special report on climate change. International
Panel on Climate Change.

IPES-Food. (2015). The new science of sustainable food systems: Overcoming barriers to food
systems reform. International panel of experts on sustainable food systems.

IPES-Food. (2016). From uniformity to diversity: A paradigm shift from industrial agriculture to
diversified agroecological systems. International Panel of Experts on Sustainable Food systems.

Jachertz, R. (2015). Stable agricultural markets and world order: FAO and ITO, 1943-49.

Jarosz L. (2011). Defining World Hunger. Scale and Neoliberal Ideology in International Food
Security Policy Discourse.

3See  SUN Movement and Food Systems dialogue https://scalingupnutrition.org/news/
food-systems-for-healthy-diets-fao-policy-guidance. ..


https://scalingupnutrition.org/news/food-systems-for-healthy-diets-fao-policy-guidance%E2%80%A6
https://scalingupnutrition.org/news/food-systems-for-healthy-diets-fao-policy-guidance%E2%80%A6

2 Commentary on Challenges to Taking a Food Systems Approach Within the Food... 31

McDonald, B. (2018). Learning from failure: Postwar efforts to establish a world food reserve.
Food Studies: An Interdisciplinary Journal, 8(4).

McKeon, N. (2015). Food security governance: Empowering communities, regulating corporations.
London: Routledge.

Phillips, R. W. (1981). FAO: Its origins, formation and evolution 1945-1981. Rome: FAO.

Ruxin, J. N. (1996). Hunger, science, and politics: FAO, WHO, and Unicef nutrition policies,
1945-1978. Doctoral thesis, University of London.

Sen Amartya, (1981). Ingredients of Famine Analysis: Availability and Entitlements The Quarterly
Journal of Economics, Volume 96, Issue 3, August 1981, Pages 433—464.

Staples, A. L. S. (2006). The birth of development: How the World Bank, food and agriculture
organization, and World Health Organization change the world, 1945—-1965. Kent: The Kent
State University Press.

United Nations Conference on Food and Agriculture (Hot Springs, Virginia, May 18 — June 3,
1943). Final act and section reports. Washington.

UNSG. (2019, May 8). Special edition: Progress towards the sustainable development goals.
https://undocs.org/E/2019/68.

Way, W. (2013). A new idea each morning: How food and agriculture came together in one
international organisation. Canberra: ANU E Press.

WHO (2003) Diet, nutrition and the prevention of chronic diseases: report of a joint WHO/FAO
expert consultation, Geneva, 28 January — 1 February 2002. (WHO technical report series; 916)


https://undocs.org/E/2019/68

®

Check for
updates

Chapter 3
Agricultural Productivity and Food
Security

Victor R. Squires and Mahesh K. Gaur

Background and Context

Land quality varies and determines, to a large extent, the land use systems adopted in
aregion or area. Figure 3.1 is a map showing the distribution of land classes across the
globe. Table 3.1 reflects the areal extent of each land quality category and percentage
of population occupying the various land classes. Links between land quality' agricul-
tural productivity and food security are intuitively reasonable but complex. Empirical
analysis of these links has historically been limited by data constraints and disciplin-
ary boundaries (Wiebe 2003). Agricultural productivity affects food security through
its impacts on both food supplies and farmers’ incomes. Food security per se also
influences farmers’ practices that affect land quality over the long term.

Despite the challenges we must gain a better understanding of the projected
changes in land quality, land degradation, agricultural productivity, and food security
at the policy-relevant scale. We need to consider the role of the farmers’ decisions,
not just in terms of maximizing income in the short term but also in terms of sustain-
ing income over the longer term by investing in the maintenance or improvement of
land quality. This applies whether we are dealing with small-scale subsistence farm-
ers or farmers driven by commodity prices in the commercial farming world.

'Land quality refers to the ability of land to produce goods and services that are valued by humans.
This ability derives from inherent/natural attributes of soils (e.g., depth and fertility), water, cli-
mate, topography, vegetation, and hydrology, as well as “produced” attributes such as infrastruc-
ture (e.g., irrigation, transportation routes) and proximity to population centers.
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Fig. 3.1 Global distribution of major land quality classes (Class 1 is the good-quality land).
(Source: Eswaran et al. 2003)

Table 3.1 Global land quality apropos land surface area and population distribution

Land quality Total land surface in each | Percentage of global population occupying each
class class land class

1 2.4% 6.1%

2,3 9.5% 19.0%

4,5,6 33.8% 53.6%

7 9.0% 11.5%

8,9 45.3% 13.1%

Source: Blum and Eswaran 2004

The result is not a simple linear relationship that begins with exogenous land quality
and traces causality through to agricultural productivity and food security in a single
period, but rather a dynamic process in which each element influences the others over
time (Fig. 3.2).

Just as land quality includes climate and hydrologic characteristics that affect
land’s ability to provide goods and services, land degradation includes changes in
those characteristics—including water resources—that reduce land’s ability to pro-
duce goods and services (Fig. 3.3). Depletion of water resources poses at least as
important challenge for agricultural productivity and food security as do the more
commonly considered aspects of land degradation and soil loss (see chapter by
Nagabhatla et al. this volume). The number of water-scarce countries is projected to
grow from 20 in 1990 to 35 in 2025, while the number of people living in water-
scarce countries is projected to increase by 0.1 billion to 0.8—1.1 billion over the
same period. It has been concluded by Wiebe (2003) that land degradation appears
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Fig. 3.2 Smallholder agricultural systems are complex. Livelihood (far right) depends on the favor-
able co-occurrence of a number of seemingly unrelated factors (far left) of this diagram and is moder-
ated by policy interventions (center) and farmer responses. (Source: Modified from Li et al. 2016)
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Fig. 3.3 Opportunities, choices, and outcomes in resource use and food security. Modified from
Maxwell and Wiebe 1999

to generate productivity losses that are relatively small on a global scale but that
both productivity losses and their food security consequences are likely to be
significantly greater in area where fragile resources are found in conjunction with
poverty and poorly functioning markets and institutions.

Land, and especially soil, degradation is an important factor to consider when
assessing the world food situation. Soil degradation can adversely impact food
security by reducing agricultural productivity, especially in regions with resource-
poor farmers who cannot afford to apply inputs at recommended levels (Lyu et al.
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2019). The adverse impacts of soil degradation on agricultural productivity and
food security are compounded and exacerbated by the scarcity of water for
agriculture. At the same time, food consumption patterns (see below) are important
drivers of environment degradation, e.g., unsustainable water use, declining soil
fertility, marine environment degradation, biodiversity loss, greenhouse gas (GHG)
emissions, climate change (CC), etc.

Impact of Changes in Dietary Patterns on Food Security

The Lacirignola et al. 2014 review paper explores the natural resources-food nexus
by highlighting the environmental footprints of the current consumption and produc-
tion patterns. The current consumption patterns imply high ecological, carbon, and
water footprints of consumption and unfavorable national virtual-water? balances.
Food Balance Sheets data show that the contribution of vegetal and animal-based
food product groups to food supply is variable, but the demand for the latter is grow-
ing rapidly on a global basis. Immediate action is required to address environmental
degradation that is mainly driven by population and consumption. Stress on biologi-
cal as well as social systems is exacerbated by unsustainable consumption patterns,
in particular food consumption patterns that are important drivers of environment
degradation, e.g., unsustainable water use, declining soil fertility, marine environ-
ment degradation, biodiversity loss, climate change (CC), etc.

Much of today’s discourse about environmental problems revolves around reduc-
ing greenhouse gas (GHG) emissions and water usage. Development cannot be
“sustainable” except if the fundamental common goods are protected and improved.
Protection of the coast, sea, climate and air quality, soil and biodiversity, water
resources, cultural and landscape heritage, and traditional knowledge of nature is
the priority to be focused on. It is very important to break the joints that make eco-
nomic development reliant on an intensive exploitation of natural resources and to
promote changes in consumption and production patterns. In this context, the cur-
rent food system delivers low-cost food at a high cost to the environment, and this
cost includes also environmental impacts of food production, distribution, and con-
sumption. As a very important factor in critical sustainability issues, diets affect
different factors (social, cultural, agricultural, environmental, nutritional, and eco-
nomic) which interact with one another. In fact, many issues (water, biodiversity
loss, scarcity, soil erosion, etc.) are linked to food consumption patterns, and it
should be addressed as priorities. There are signs that diet has an impact on health,
but the sustainability of food consumption and food systems appertains to environ-
mental impacts. If no changes are implemented in the coming years, there is a high
risk of further deterioration of the global food system with consequent degradation
of the environment and the natural resource base.

Virtual water refers to the amount of water used in the production of a crop or an end product, e.g.,
1 kg of rice or beef and even a cotton shirt.
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A push toward a more plant-based diet world wide could also potentially save
substantial amounts of greenhouse gas emissions. If people ate more plants, in line
with standard dietary guidelines, it would have a positive effect on diets and on the
environment, reducing global mortality by 6—10% and food-related greenhouse gas
emissions by 29-70%. Tapping into the planetary wealth of diverse fruits, vegeta-
bles, pulses, and grains, particularly nutrient-dense varieties, can address both over-
weight and micronutrient deficiencies (Box 3.1 lists some of the merits of a diet
based on a broader range of food plants).

Box 3.1 Food is the Vehicle for Getting Micronutrients into Our Bodies

e More healthy options within food groups—expanding the range of fruits,
vegetables, whole grains, nuts, seeds, pulses. Biodiversity is recognized as
a fundamental principle in recent dietary guidelines like the Mediterranean
Diet Pyramid, the Nordic guidelines, and the Brazilian guidelines.

* Important and significant nutritional differences between species. For
example, in Bangladesh, although people started eating more fish, their
nutritional intake decreased from eating exotic farmed fish rather than
nutrient-dense local fish. Then there are species many people have never
heard of—gac (Momordica cochinchinensis), for example, is a fruit from
Southeast Asia with extremely high levels of beta-carotene, which the
body converts to vitamin A.

* Important and significant nutritional differences within species. For exam-
ple, some bananas are orange and contain very high levels of beta-carotene;
others are white and contain none. Different varieties of potato can contain
between 6 mg and 37 mg of vitamin C.

* Since many less well-known plants, fish, animal, and trees are well adapted
to local environments, they can be more tolerant to low inputs or climate
fluctuations and so can be selected to provide a portfolio of nutritious
foods all year round, integrating small animals, green vegetables, and fruit
trees.

* Food has to be accessible, affordable, acceptable, and available. Food bio-
diversity is often all four. To address it, food, health, and agriculture poli-
cies need to be linked to one another.

Land Degradation and Changes in Land Use and Agricultural
Productivity Over Time

Agricultural productivity at various spatial scales changes over time as a result of
changes in land quality. Planning horizons are intimately related to farmers’ prop-
erty rights/use rights in land. Poverty also plays an important role in the manage-
ment of marginal and often fragile lands (both cropland and grazing land). Most
studies on the effects of land degradation focus on selected measures of productivity,
but land degradation may affect food security as well, through its impact on food
production as well as on incomes and food prices.
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A 2015 UN report® warned that climate change has already curtailed global food
production and millions are at risk of poverty and hunger in the coming years. The
report suggests that funding for climate mitigation is best spent on changing agricul-
tural practices. Organic agriculture is one important arm of this approach (see below).
Considering the global demands of increasing cost of mineral fertilizers, the use of
organic amendments (OAs) including manures, composts, crops residues, and biosol-
ids is rapidly increasing, and their share of agricultural land and farms continues to
grow in many countries. For example, about 32.2 million hectares (ha) of world arable
land were managed organically using mainly OAs by more than 1.2 million growers
(Willer and Kilcher 2009). Oceania, Europe, and Latin America are the regions with
the largest organically managed land areas. Application of OAs is regarded as one of
the most promising options to increase farmers’ income by restoring soil fertility and,
at the same time, by protecting the environment. Organic agriculture possesses several
advantages such as improving plant growth and yield, soil carbon (C) content, and
microbial biomass and activity and preventing desertification by improving soil struc-
ture and fertility. Nevertheless, OAs applications possess some disadvantages such as
nutrient eutrophication and GHG emission (Willer et al. 2009).

Climate Change Poses Risks to Global Food Security

Climate change has already begun to affect the world’s food production, a new
report from the United Nations warns—and unless significant action is taken, it
could put millions more people at risk of hunger and poverty in the next few decades.
It’s a message that’s been emphasized over and over by climate scientists and has
informed many of the UN’s sustainable development goals and positions on global
food security. But 2015 was the first time it has been the primary focus of the UN
Food and Agriculture Organization’s annual State of Food and Agriculture report.

Box 3.2 Climate Change Exacerbates the Risks of Hunger and
Undernutrition and May Generate Extreme Weather Events

e Climate change increases the frequency and intensity of some disasters
such as droughts, floods, and storms. This has an adverse impact on liveli-
hoods and food security. Climate-related disasters have the potential to
destroy crops, critical infrastructure, and key community assets, therefore
deteriorating livelihoods and exacerbating poverty.

e Long-term and gradual climate risks
Sea level will rise as a result of climate change, affecting livelihoods in
coastal areas and river deltas. Accelerated glacial melt will also affect the

(continued)

3http://www.fao.org/publications/sofa/2015/en/
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Box 3.2 (continued)
quantity and reliability of water available and change patterns of flooding
and drought.
Food security and nutrition (climate change affects all dimensions of food
security and nutrition)

* Food availability: Changes in climatic conditions have already affected
the production of some staple crops, and future climate change threatens to
exacerbate this. Higher temperatures will have an impact on yields, while
changes in rainfall could affect both crop quality and quantity.

* Food access: Climate change could increase the prices of major crops in
some regions and affect affordability. For the most vulnerable people,
lower agricultural output means lower incomes. Under these conditions,
the poorest people—who already use most of their income on food—sac-
rifice additional income and other assets to meet their nutritional require-
ments or resort to poor coping strategies.

* Food utilization: Climate-related risks affect calorie intake, particularly in
areas where chronic food insecurity is already a significant problem.
Changing climatic conditions could also create a vicious cycle of disease
and hunger. Nutrition is likely to be affected by climate change through
related impacts on food security, dietary diversity, care practices, and
health.

* Food stability: The climatic variability produced by more frequent and
intense weather events can upset the stability of individuals’ and govern-
ment food security strategies, creating fluctuations in food availability,
access, and utilization.

Climate change is likely to impede progress on reducing undernourishment
around the world in the decades ahead, according to a scientific assessment released
by the US. Department of Agriculture (USDA) during the 21st Session of the
Conference of Parties to UN Framework Convention on Climate Change (COP 21)
in Paris. “Climate Change, Global Food Security, and the U.S. Food System,” which
was prepared as a contribution to the National Climate Assessment, represents a
consensus of 31 authors and includes contributors from 19 Federal, academic, non-
governmental, and intergovernmental organizations in four countries. It identifies
climate change effects on global food security (the ability to obtain and use suffi-
cient amounts of safe and nutritious food) and the challenges facing farmers and
consumers in adapting to changing climate conditions.

The report found that climate change is likely to cause disruptions in food pro-
duction and a decrease in food safety, which in turn leads to local availability limita-
tions and increases in food prices, with these risks greatest for the global poor and
in tropical regions. Accurately identifying needs and vulnerabilities and effectively
targeting adaptive practices and technologies across the full scope of the food sys-
tem are central to improving global food security in a changing climate.
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Box 3.3 Main Findings of the Report on Climate Change, Global Food

Security, and the U.S. Food System

* Climate change is very likely to affect global, regional, and local food
security by disrupting food availability, decreasing access to food, and
making utilization more difficult.

» The potential of climate change to affect global food security is important
for food producers and consumers in the United States.

* Climate change risks extend beyond agricultural production to other ele-
ments of global food systems that are critical for food security, including
the processing, storage, transportation, and consumption of food.

* Climate risks to food security increase as the magnitude and rate of climate
change increase. Higher emissions and concentrations of greenhouse gases
are much more likely to have damaging effects than lower emissions and
concentrations.

o Effective adaptation can reduce food system vulnerability to climate
change and reduce detrimental climate change effects on food security, but
socioeconomic conditions can impede the adoption of technically feasible
adaptation options.

e The complexity of the food system within the context of climate change
allows for the identification of multiple food security intervention points,
which are relevant to decision-makers at every level.

e Accurately projecting climate change risks to food security requires con-
sideration of other large-scale changes.

There is growing alarm among scientists and policymakers over the dire threat
climate change poses to future food security, best described as a vicious cycle in
which unsustainable farming practices contribute hefty greenhouse gas emissions to
the atmosphere and drive more warming. This can then continue to hurt global crop
production. Under a severe climate change scenario, FAO points out, research sug-
gests that 122 million more people could be living in extreme poverty by the year
2030 compared to a future with no climate change. Even under a low-impact cli-
mate scenario, this number could be as high as 35 million more people. According
to FAO, while the impact of climate change on agriculture is expected to become
increasingly severe in all parts of the world post-2030, the most vulnerable popula-
tions include producers (especially smallholders) in developing countries whose
livelihoods depend on farming (Squires et al. this volume). Global declines in pro-
duction may also radiate throughout the world in the form of higher food prices,
placing a greater strain on already vulnerable low-income communities.

Agriculture, forestry, and land use changes, taken as a whole, are responsible for
about one fifth of all global GHG emissions. So adopting more sustainable farming
practices and preventing deforestation, which often takes place to clear land for
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agriculture, can help mitigate climate change from the ground up. Lal (2004)
showed that soil C sequestration is a strategy to achieve food security through the
improvement of soil quality. It is a by-product of the inevitable necessity of adopt-
ing recommended management practices (RMP) for enhancing crop yields on a
global scale. While reducing the rate of enrichment of atmospheric concentration of
CO,, soil C sequestration improves and sustains biomass/agronomic productivity. It
has the potential to offset fossil fuel emissions by 0.4—1.2 Gt C/year, or 5-15% of
the global emissions. Concern has been expressed about the huge contributions of
GHG attributed to the meat industry alone—from the methane produced by cattle,
in particular—and to the sheer amount of land and resources required to raise live-
stock. Farm animal production accounts for about 18% of the world’s GHG emis-
sions, especially of methane and nitrous oxide (Steinfeld et al. 2010; Moumen
et al. 2016)

Although there is some doubt about the practicality of switching to a vegetarian-
based diet, calculations do show that even based on today’s farming systems it would
be technically possible to feed 10 billion persons in 2050, but many commentators
fail to see how it is at all practical to promote vegetarianism unless reinforced by a
belief system, and it is certainly not the direction of global diets. As Falvey (2012)
says “Western diversionary magazines that claim a rise in vegetarianism conveniently
omit rises in meat consumption in developing countries that are multiples of any
reductions resulting from fads in food secure Western countries.* But it does high-
light how far from reality that anecdote-informed thought can be, even though it can
influence international aid policy.” It is worth reflecting too on the much-praised
Indian vegetarianism and to acknowledge that apart from plant-based foods, milk
and eggs play an important part in the daily diet. As the world population rises, the
demand for meat, eggs, and dairy products is soaring in developing countries. Both
production and consumption of animal products are increasingly concentrated in
developing countries. In fact, the demand in those countries has increased at a stag-
gering rate in recent decades. There are two main reasons for the increase—urbaniza-
tion and rising incomes particularly in developing and emerging countries. China,
Brazil, and India have all seen their middle class or consumer class rise over the last
30 years. And what tends to happen when people have a little bit more money to
spend is they spend it on higher-quality food. They tend to buy more milk or cheese
or meat. The increase in meat consumption in developing countries is understand-
able. In the developing world, particularly sub-Saharan Africa and in Asia, meat can
be a tremendous boost to people’s diets. It can provide important nutrients that they
weren’t getting before, especially for malnourished populations; and it can really
help people, especially children, develop better. Policies for food and seeds of food
plants need to shift the focus from maximizing yield and profit to also including
considerations of diets and nutrition. Brazil is a great example of this. Brazil has
recently targeted several policies to promote local and indigenous biodiversity for
food and nutrition as part of its Zero Hunger campaign. Actions taken in Brazil

“https://www.voanews.com/a/decapua-farm-animals-29mar12-144898655/...
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include promoting diverse, healthy native foods in dietary guidelines, supporting
production of food biodiversity through public procurement strategies (e.g., for food
in schools), and prioritizing food biodiversity in relevant national strategies, action
plans, agriculture, and nutrition policies.

Farm animal production provides a “safety net” for millions of vulnerable people
(Squires and Bryden 2019a; Suhubdy et al. this volume). However, production often
also takes place on factory farms, feedlots, and other concentrated animal feeding
operations (CAFOs). The demand is being met by industrial animal operations or
factory farming (Squires and Bryden 2019b). This is a style of farming that really
originated in Europe and the United States in the 1950s and 1960s, where thousands
or even tens of thousands of the animals are confined in feedlots, huge barns, or
sheds. This type of mass animal production can need a lot of resources or inputs to
operate and require a lot of fossil fuel energy for heating and cooling. They require
tremendous amounts of soy and corn for animal feed and depend on antibiotics to
keep these animals healthy, although in countries like Australia, residues of antibiot-
ics and other chemical compounds are strictly monitored (Harper et al. 2019).
Factory farms (chickens, pigs, beef cattle, dairy cattle) produce huge amounts of
waste, which can contaminate groundwater.

Climate Change Mitigation and Adaptation

Climate change is one of the most complex issues facing us today. It involves many
dimensions—science, economics, society, politics, and moral and ethical ques-
tions—and is a global problem, felt on local scales, that will be around for decades
and centuries to come. Responding to climate change involves two possible
approaches: reducing and stabilizing the levels of heat-trapping greenhouse gases in
the atmosphere (“mitigation”) and/or adapting to the climate change already in the
pipeline (“adaptation”). The goal of mitigation is to avoid significant human inter-
ference with the climate system and “stabilize greenhouse gas levels in a timeframe
sufficient to allow ecosystems to adapt naturally to climate change, ensure that food
production is not threatened and to enable economic development to proceed in a
sustainable manner” (from the 2014 report on Mitigation of Climate change from
the United Nations Intergovernmental Panel on Climate Change, page 4, Smith
et al. 2007). Adaptation—adapting to life in a changing climate—involves adjusting
to actual or expected future climate. The goal is to reduce our vulnerability to the
harmful effects of climate change (like sea-level encroachment, more intense
extreme weather events, or food insecurity). It also encompasses making the most
of any potential beneficial opportunities associated with climate change (e.g., lon-
ger growing seasons or increased yields in some regions). It is important to learn
how to best manage land and forests, how to deal with and plan for reduced water
availability, and how to develop resilient crop varieties.
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Forms of Adaptation in Response to Climate Risks

According to Agrawal and Perrin (2008), a policy-relevant framework for examin-
ing adaptation practices in the context of rural institutions and livelihoods needs to
be sufficiently general to cover the many empirical examples of adaptation practices
used by different social groups but also needs to be based on an analytical approach
that takes into account the most important characteristics of the impacts of climate
change on rural livelihoods—Ilikely increases in environmental risks, reduction in
livelihoods opportunities, and stresses on existing social institutions (Fig. 3.4).

Climate change is likely to manifest around increased risks to rural livelihoods.
These risks can be classified into four different types: across space, over time, across
asset classes, and across households. The basic coping and adaptation strategies in
the context of livelihoods risks can correspondingly be classified into a set of four
analytical types: mobility, storage, diversification, and communal pooling. In addi-
tion, where households and communities have access to markets, market-based
exchange can substitute for any of the four classes of adaptation strategies above
(Agrawal and Perrin 2008; Halstead and O’Shea 1989). Where successful, these
responses either reduce spatial, temporal, asset-related, and/or community-level
risks directly or reduce them by pooling uncorrelated risks associated with flows of
livelihoods benefits from different sources. Mobility is perhaps the most common
and seemingly natural response to environmental risks. It pools or avoids risks
across space and is especially successful in combination with clear information
about potential precipitation failures. Storage pools/reduces risks experienced over
time. When combined with well-constructed infrastructure, low levels of perish-
ability, and high level of coordination across households and social groups, it is an
effective measure against even complete livelihood failures at a given point in time.
Diversification reduces risks across assets owned by households or collectives.
Highly varied in form, it can occur in relation to productive and non-assets, con-
sumption strategies, and employment opportunities. It is reliable to the extent that
benefit flows from assets are subject to risks and risks have different impacts on the
benefit streams from different assets.

Communal pooling refers to adaptation responses involving joint ownership of
assets and resources; sharing of wealth, labor, or incomes from particular activities
across households; or mobilization and use of resources that are held collectively
during times of scarcity. It reduces risks experienced by different households.
Exchange is perhaps the most versatile of adaptation responses. Usually it is viewed
as a means to promote specialization and increase revenue flows. But it can equally
substitute for the first four classes of adaptation strategies to reduce risks when the
poor have access to markets. As a means to reduce risks, it can go together with high
levels of specialization and institutionalization of exchange relations: consider as an
example, buying insurance to cover risks of crop failure. Resorting to exchange or
promoting exchange-based adaptation to address climate risks needs however to be
treated with some caution given the highly unequal access to markets across differ-
ent social groups, especially those who are in marginalized situations. The success,
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and more generally the prospects of adaptation practices, depends on specific insti-
tutional arrangements—adaptation never occurs in an institutional vacuum. Thus,
all adaptation practices require property rights, norms of trust are necessary for
exchange, storage requires monitoring and sanctions, mobility cannot occur without
institutions that provide information about the spatial structure of variability, and
agricultural extension institutions can facilitate diversification. The adoption of
adaptation practices by specific households and communities is more or less likely
depending on their social and economic endowments, networks of relationships,
and access to resources and power. For example, the poor are more likely to migrate
in response to crop failure and the rich more likely to rely on storage and exchange
(Agrawal and Perrin 2008).

Preparation for the impact of climate change could include diversifying the types
of crops farmers raise, researching and adopting more heat-resistant plant varieties,
and investing in better soil conservation techniques, which may help prevent some
of the production losses expected in a warming world (Gaur and Squires 2018). All
of these strategies will require greater investments from the international commu-
nity. IFRI suggests that more of the funds intended for climate mitigation should be
directed into the agriculture sector. Making these investments may be critical if the
world is to meet the global climate goals set forward in the Paris Agreement—
namely, keeping warming within at least a 2-degree temperature threshold. Recent
studies have suggested that greenhouse gas emissions from farming must fall by a
billion tons per year by the year 2030 if the world is to stay on track to meet agreed
targets. Smallholder farmers are a special case that involves 2 billion people world-
wide. Smallholders operate in a complex and unpredictable system of climatic, eco-
nomic, political, environmental, and social conditions and constraints (Squires et al.
this volume). Yields and farmer incomes are constrained by low soil quality, limited
infrastructure, and poor access to markets for inputs and produce. Smallholder
farmers are targeted by multiple poverty alleviation and development strategies,
including international food security and environmental initiatives and financing
sources, such as GEF.

Climate-Smart Agriculture (CSA)

Elements of agroforestry, conservation agriculture, livestock, aquaculture, post-
harvest, and food energy systems are captured by the term CSA.

FAO (2013) has defined climate-smart agriculture (CSA) as: “CSA is Agriculture
that sustainably increases productivity, enhances resilience (adaptation), reduces/
removes GHGs (mitigation) where possible, and enhances achievement of national
food security and development goals.”

Therefore, it is an approach that helps to guide actions needed to transform and
reorient agricultural systems to effectively support development and ensure food
security in a changing climate. The CSA concept aims at three targets to achieve:
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1. To increase agricultural productivity to support increased incomes, food security,
and development

2. To increase adaptive capacity at multiple levels (from farm to nation)

3. To decrease greenhouse gas emissions and increasing carbon sinks (Campbell
et al. 2014)

CSA options include both on-farm and beyond-farm agricultural and landscape
management activities but also require addressing the mediating institutions,
finance, and policies. CSA proponents claim that because of its broadly supported
goals, CSA should be upscaled, play a central role in agricultural strategies, and be
integrated with the wider social-ecological system to ensure effective use of
resources (Sayer et al. 2013), for example, as pursued under the CGIAR Research
Program on Climate Change, Agriculture and Food Security (CCAFS). This requires
coordination at farm or community levels, as well as landscape levels (Scherr et al.
2012). CSA would have to be integrated with existing landscape approaches, which
have already been adopted in policy for several sectors.

Agrobiodiversity Is Key to Nutrition and Sustainability

Agrobiodiversity, or the biological diversity of food, can improve food system resil-
ience, sustainability, and nutrition. A 200-page report’ titled Mainstreaming
Agrobiodiversity in Sustainable Food Systems outlines how biodiversity can help us
produce foods that are both nutritious and sustainable. The edible plant and animal
species that feed each and every one of us holds the key to future food security. Of
the 30,000-ish plant species that can be used as food, today only three—rice, wheat,
and maize—provide half the world’s plant-derived calories. A focus on a handful of
starchy staples has contributed to an increase in land planted with maize, wheat, and
rice from 66% to 79% of all cereal area in the world between 1961 and 2013. Of
concern too is that the genetic base of even these three crop species has narrowed.
Wild progenitors of wheat, rice, and maize and countless other food plants are at
risk (Emadi 2019). There is a risk that using a single variety across vast areas leaves
such crops open to attacks by pests and diseases. To counter this, the industry and
farmer response is often to use large quantities of pesticides, fungicides, and so on,
which is expensive as an input, has a negative impact on environmental factors such
as water quality and (wild) biodiversity, and has high fossil fuel inputs. Fortunately,
smallholders across Asia, Africa, and Latin America (who collectively produce
more than half the world’s food) are the custodians of a treasure trove of local geno-
types of food plants and livestock (Xia et al. 2010; Squires et al. 2019). At the same
time, the same pressures that are driving the sixth mass extinction of wild biodiver-
sity are also affecting agricultural biodiversity—habitat transformation, deforesta-
tion, invasive species, and climate change. They also lead to disruption in pollinators
and natural pest control. Loss of wild biodiversity can lead to erosion of genetic

Shttps://www.cornucopia.org/2017/10/agrobiodiversity-key-nutrition-sustainability/
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diversity (like the wild relatives of crops, which are a valuable source of traits for
breeding), which reduces options for breeding new plant varieties better adapted to
climate change. We should point out though that there is no way yet to accurately
measure the decrease in agricultural biodiversity. It is notoriously difficult to mea-
sure the exact status of crop and animal genetic diversity. A study in 2014 classified
58% of domesticated animal breeds as of unknown risk status. Also for crops, there
are huge data gaps—number and distribution of species and their genetic diver-
sity—so it is difficult to determine genetic erosion. One challenge is the richness of
the diversity—even if we consider only the 150-200 crops commercially cultivated,
it is hard to identify, monitor, and conserve it all.
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Chapter 4

Water and Food Security Crisis
Influencing Human Mobility
Patterns: A Comprehensive Overview

Nidhi Nagabhatla, Panthea Pouramin, Sujin Shin, Pooja Sharma,
Talia Glickman, Rupal Brahmbhatt, and Pratibha Singh

Introduction

The theory and practice of managing land and water interactions for ensuring food
and water security are inherently complex. The multifaceted challenges manifested
from the impacts of water scarcity/crisis or food insecurity often span multiple fac-
ets, including “ecological” “social” “cultural” and “political” and are inherently
interdisciplinary. In this context, understanding the current and emerging trends of
human mobility, both locally and internationally, remains a challenge. Migration
has traditionally been explained as a collection of “push” and “pull” factors that
include social, economic, political, and environmental aspects applicable to human
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security, economic opportunity, peace, and political stability. It is becoming increas-
ingly evident that prolonged episodes of water and food insecurity are acting as a
“push” factors for human mobility. Thus, these push factors can lead to various and
severe spill over impacts, viz conflict, disruption of security, peace and political
instability, and migration (e.g., forced mobility) (Nagabhatla et al. 2014; Le Billon
and Duffy 1994; Puma et al. 2018). Besides, a lack of integrative and adaptive
guidelines for managing water and food crisis scenarios exacerbates the complexity
in examining patterns of human mobility (Food and Agriculture Organization of the
United Nations 2017).

The combination of push and pull factors, depending on whether they are act-
ing independently or in tandem, determines the complexity of human mobility
interlinkages with land, water, society, and geopolitics. Gleick and Iceland
(2018) discuss how varied aspects of water-related risks and threats exacerbate
the risk of conflict. For instance, prolonged or/and cumulative effect of reduced
or disrupted water supply or water quality concerns, surge in water demand, and
extreme flood events, can cause food insecurity and result in displacement of
vulnerable communities. Furthermore, increasing conflicts and rights-tenure-
ownerships challenges and how these challenges interface customary laws and
legal policies of the state further exacerbate the vulnerabilities. The livelihoods
and income generation of communities and populations, who are exposed to
food, water, and climate crises are at risk. Additionally, facets of power, owner-
ship, and rights to food and water, ethnic complexities to land and water access,
contemporary policies versus customary regulations, and poor land and water
governance are set of direct and indirect “drivers of” human mobility links with
water and food crisis (Puma et al. 2018).

The decision to migrate by persons and populations, either within their own
countries or across borders, is influenced by a complex set of these factors. Moreover,
migrants who transit within a state or across borders for work and survival can
encounter various challenges depending on whether they migrate voluntarily or are
forced to leave due to events that threaten their safety or livelihoods. The lack of
integrative and adaptive guidelines for managing water and food crisis scenarios
exacerbate the complexity in addressing the food-water-human mobility nexus.
Knowledge of this nexus is limited both in literature and practice. World Water
Development Report (WWAP 2019) acknowledges that better understanding the
interlinkages between water-food crises and human development can prove helpful
for addressing multifaceted challenges in conflicts areas and to aid individuals and
populations living in vulnerable situations (WWAP 2019).

Human mobility phenomena have seen a significant rise across various locations
worldwide and are referenced in the emerging body of literature on water, food crises,
and climate change (Food and Agriculture Organization the United Nations 2018; The
Asian Development Bank 2012). The Global Risks Reports organized by the World
Economic Forum (2016, 2017, 2018) mentions that enhanced understanding of
the impacts of water and climate crisis is critical to ensure economic, financial,
political, and human security for communities and states. Increasingly, researchers and
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policymakers are seeking to explain human mobility flows driven by water scarcity
and food insecurity — often perpetuated by climate change (Jagerskog et al. 2015).
Noting that the human mobility patterns are increasing at a fast rate, it is pertinent to
understand the direct and indirect drivers of migration which stem from water and food
crises and its interlinkages with other contributing forces. Very few to none of the
national or global agreements address the multidimensional trends and patterns of
human mobility (Laczko and Piguet 2014).

In this context, and for enhanced understanding of the interlinkages of this nexus,
this chapter adopts a three-tier approach. The first tier outlines diverse narratives to
explain human mobility and displacement driven by food and water crisis scenarios
in different socioecological, sociocultural, and sociopolitical settings with a focus
on Asia and Africa. The second tier unpacks how migration trends and patterns con-
nect to water and food crisis scenarios. The third tier employs a case study approach
(Congo Basin region) to illustrate the interlinkages in water security, food produc-
tion, and human mobility in settings of conflict. In this region, the multifaceted
drivers of conflicts are expected to increase pressure on land and water resources
and are influencing new patterns of human mobility. Overall, the chapter highlights
the relatively under-examined scenarios stemming from water and food crisis and
provides a guideline framework to assess multiple dimensions of human mobility,
food and water insecurity, and political instability — while connecting to the sustain-
able development agenda.

Background and Setting: Water and Food Security Crisis
and Human Mobility Nexus

Water and food crises are intertwined, and if the balance in allocation, conservation,
and proper management of land and water resources is not addressed, the risk for
water and food insecurity increases. Distress, poverty, conflicts, and human mobil-
ity may further ensue as indirect outcomes. Human mobility at the global scale has
been increasing since 1990, wherein digital records show around 140 million
migrants. In the past years, international migration worldwide has increased from
173 million (2000) to 222 million (2010) and 244 million (2015). This worrying
trend is projected to increase in 2050 to one billion (United Nations Department of
Economic and Social Affairs 2017). Most of these numerical trends are rooted in
conflicts and disaster as the critical push factors. Conflicts are also connected to the
control, allocation, distribution, or pricing of food and water. For instance, agricul-
ture is the world’s largest consumer of freshwater resources and accounts for nearly
two-thirds of annual water withdrawal for irrigation, livestock, and aquaculture.
Moreover, 20% of freshwater resources are consumed by industries, including
for energy generation. Finally, domestic supply accounts for the remaining fraction
(FAO 2017). The water footprint of food is high. For example, 3000-5000 liters (1) water
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are used for 1 kilogram (kg) of rice, 2000 liters are used for 1 kg of soya, 900 liters are
used for 1 kg of wheat, and 500 liters (1) are used for 1 kg of potatoes (WWF 2003). As
>80% of the global arable land is rainfed and contributes to >half of global food produc-
tion, the influence of adverse impacts of climatic variability on food production from
agriculture is a vital dimension in human mobility. This holds especially with respect to
migration from rural to urban regions (Mastrorillo et al. 2016).

Interlinkages between water and food crises and human mobility are fairly
debated in the literature, with some development reports indicating that water and
food insecurity represents a crucial driver of human mobility (Food and Agriculture
Organization of the United Nations 2016; Black et al. 2011). The IPCC has outlined
some initial drivers of human mobility, including coastal erosion and flooding,
increasing salinity and temperatures, rising sea levels, increases in the number and
severity of extreme weather events, water scarcity, and glacial melting. It was argued
that these drivers compromise the habitability of environments worldwide and
impact agricultural viability, infrastructure and services, the stability of governance,
and existing human settlements (Solomon et al. 2007). Also, economic and financial
shocks further reduce access to food and water, affecting their pricing. This, in turn,
can lead to undesired pathways of human displacement, mainly as a result of critical
disruption of livelihoods and income generation, and disruption of community’s
resilience. Human mobility or displacement is often seen as a coping strategy or a
survival response in such scenarios (Luginaah et al. 2009; Deshingkar 2012; Warner
and Afifi 2014; Schmook and Radel 2008). The interconnections between land,
water, and climate factors, and environmental change is also influenced by, and
influences conflict, livelihood opportunities, and other drivers of migration. That, in
turn, makes it difficult to clearly state the ultimate factors that determine the deci-
sion to migrate (Asian Development Bank 2012; Black et al. 2011; Lilleg and Van
den Broeck 2011; Martin 2013). Combined with a lack of clear international legal
definitions about environmental migration, it contributes to a lack of data and makes
it further challenging to estimate how water, food, and climate crisis is driving
human mobility (Black 2001).

The available literature on interlinkages between human mobility, food and
water security, hunger, poverty, and inequality highlights how primary and sup-
plementary drivers manifest in a specific context, including sociopolitical and
sociocultural settings (Food and Agriculture Organization of the United Nations
2016; Black et al. 2011). Environmental and financial stocks tend to reduce access
to food and increase food costs. Such situations, coupled with weak institutions
and lack of opportunity for income generation, also contribute to people’s deci-
sion to migrate (Luginaah et al. 2009; Deshingkar 2012; Warner and Afifi 2014;
Schmook and Radel 2008). Water scarcity also drives water pricing (Rios et al.
2018). Most impoverished communities often reported paying 5—10 times more per
liter of water than affluent communities, and as such, vulnerable populations suf-
fer more from a lack of access and availability of water and food (WWAP 2019).
Sometimes, these settings lead to conflicts and thereby increase the risk of
unplanned human mobility. Thailand’s worst flooding in half a century produced
economic damages and affected people’s livelihood and increased their economic
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vulnerability. For example, the automotive and electronics industries were sig-
nificantly impacted, which disrupted global supply chains for certain critical
products for months. In total, Thailand reported overall damages >$45 billion (the
World Bank 2012). Similarly, the devastating rainfall across South Asia (August
2017) led to >1000 deaths and directly affected >40 million people in northern
India, southern Nepal, north of Bangladesh, and southern Pakistan (Gleick and
Iceland 2018).

The standard guidelines, legal structure, or conceptual framings on ‘“environ-
mental migrants” “displaced person” and “refugee” are lacking, and consequently,
there is no common ground on which the systematic progress on addressing related
“drivers” and managing “responses” can be displayed and shared. This, in turn,
poses challenges to examining empirical evidence which is required for effectively
addressing water and food crisis-driven human mobility. The IOMs definition of
environmental migration reflects the duality of compulsion and choices along a
single continuum (Francois Gemenne 2009) and integrates the distinction between
sudden and slow-onset disasters, internal and international movement, and tempo-
rary and permanent relocation (Renaud et al. 2011). Human mobility is an umbrella
term for diverse sorts of movements of people; the reasons behind such movements
can be various. Human mobility pathways that may be voluntary, involuntary, short
or long term, short or long distances, within countries or across borders can involve
individuals, households, and communities (Ober 2019). The standard conceptual
underpinnings and terminologies of the migration literature as shown in Table 4.1
are adopted in this manuscript.

A clear understanding of interventions, strategies, and institutional arrangements
to tackle food and water crisis can facilitate planners, managers, and the policymak-
ers to appropriately address gaps and needs in planning response mechanisms for

Table 4.1 Framings from the migration literature that apply to human mobility driven by water
and food crisis

Internally displaced | Apply for people who are displaced, or have fled, from their home to

people (hereafter find safety but remain within their home country’s borders (UNHCR

referred to as IDPs) 2017)

Returning migrants Applied to people who return to their home country after being IDPs or
international migrants and intend to stay there for some time (OECD
2001)

Environmental Persons or groups of persons who, predominantly for reasons of sudden

migrants or progressive change in the environment that adversely affects their

lives or living conditions, are obliged to leave their habitual homes, or
choose to do so, either temporarily or permanently, and who move
either within their country or abroad (IOM 2013)

Refugees A popular quote in the current migration literature — one example is the
case of IDPs where displacement is classified as “forced.” The concept
got recognition in the 1951 Refugee Convention

Internal migrants Persons who migrate within the country that they reside, with focus on
rural to urban movements, while international migrants are persons
living in a country outside their place of birth
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Fig. 4.1 Conceptual layout of crucial dimensions and interlinkages in the water-food crisis plan-
ning and how it operates within the disasters and conflicts conditions, (dark color externalities or
conceptual keystones and light color operational mechanisms)

situations of conflicts, human mobility, displacement, and migration. Development
initiatives and policy interventions need to align closely with community and stake-
holder needs, particularly for populations living in vulnerable situations. These
include scenarios of conflicts, in and across sectors, particularly land and water
resources. A comprehensive account of the interlinkages between human mobility
pathways (reflecting externalities, conceptual framings and interlinkages), water,
and food crises is sketched in Fig. 4.1.

Additionally, the synthesis attempts to capture the complexity inherent to this
nexus in alignment with the sustainability targets. The post-2015 ambitions encap-
sulated in the 2030 Agenda, with 17 goals and 169 targets, aim to steer communi-
ties, societies, states, and countries to balance development, growth, and well-being
in domains of social, ecological, economic, health, and politics. Also, it calls for
integrated planning to address contemporary changes and their spillover impacts.
Nilsson et al. (2018) argues that there are a lot of synergies and trade-offs within the
SDGs and how efforts are geared to implement the SDG goals and targets can serve
as a critical mechanism for assembling, systematizing, and aggregating knowledge
on interactions, interlinkages, future potential, barriers, and opportunities in food,
water, and human mobility-related challenges and needs. For instance, the mandate
outlined in SDG 2 (food focused), SDG 5 (gender-focused), SDG6 (water-focused),
and SDG 13 (climate change-focused) points to climate, water, and food crisis, as
well as ecosystems degradation and how these relate to challenges faced by resource-
dependent communities and individuals.
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The Assessment Approach: A Three-Tiered Framework

Tier 1: Analyzing Diverse Narratives in Human Mobility
and Food and Water Crisis Scenarios with a Focus on Asia
and Africa

Framing narratives for an enhanced understanding of this nexus is a challenging
task for researchers and experts involved in migration research. US. Office of the
Director of National Intelligence (DNI) reports on the global and regional water
security challenges and states that “the lack of adequate water will be a destabiliz-
ing factor in some countries because they do not have the financial resources or
technical ability to solve their internal water problems.” In many instances the
underlying driver of water crisis is “a crisis of governance,” which requires rigor-
ous emphasis on capacity building within government strategies on water resource
management. We present an aggregation of multiple narratives as a tool to explain
pluralistic dimensions and interlinkages that apply to land and water resources
such as allocation, ownership, rights, policies, and associated human mobility in
Annexure 1.

The additional narratives position migration destinations that host large migrant
communities in informal settlements that are in turn influenced by a range of socio-
economic and environmental vulnerabilities. These environments are a result of the
overarching lack of capacity that serve as an additional stressor of mobility. A
vicious cycle is formed where migrants aim to adapt to several vulnerabilities
caused by inadequate and imbalanced capabilities (at individual and systems, e.g.,
governance level) to manage natural resources, livelihoods, and socioeconomic
development. In turn, migrants with low capacity have a high risk of getting trapped
in vulnerabilities at their destination settlement, due to similar capacity-related
imbalances (Niva et al. 2019). The increase in short-term migration, where women
and children seek work to supplement household incomes, is also noted (Henry
et al. 2004). In 1994, the “Program of Action of the International Conference on
Population and Development”, held in Cairo, marked an event steering international
debate on migration and human mobility. They stated that “Governments are
encouraged to consider requests for migration from countries whose existence,
according to available scientific evidence, is imminently threatened by global warm-
ing and climate change” (United Nations Population Fund 1994).

Facilitating the stated need, Walter Kilin, the Secretary-General on the Human
Rights of IDPs, urged for an in-depth analysis of the different contexts and forms
of displacement induced by natural disasters. Five displacement triggering sce-
narios (Fig. 4.2) were identified which were adopted by the Inter-Agency
Standing Committee Working Group on Migration/Displacement and Climate
Change (Kélin 2008). These scenarios can be adapted to analyze human mobility
patterns.
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Fig. 4.2 Five displacement triggering scenarios outlined by the Human Rights of IDPs adapted
from Kilin 2008)

Tier 2: Water-Food Crisis and Human Mobility: Interlinkages,
Drivers, Trends, and Patterns

Human mobility is manifested by aggregation of numerous and overlapping direct
and indirect drivers. This makes it challenging to define the primary triggers of
mobility and influences efforts toward finding appropriate policy solutions. Recent
development reports clarify how armed conflicts, violence, human rights violations,
unexpected disasters, and increasing frequency and gradient of extreme events are
the primary triggers of human displacement or/and migration (the Internal
Displacement Monitoring Centre 2018). In most instances, the human mobility
episodes feature a water context, mainly water crisis scenarios such as droughts
and floods. Hydroclimatic variability, including shifts in seasonal rainfall pattern,
increased frequency, and increasing intensity of floods and droughts amplifies the
vulnerabilities of populations and communities, often leading to human mobility,
whether it is voluntary or forced. The dynamics of human mobility shows maximum
flux at the local scale, where scenarios of food and water crisis function. The trends
and patterns may differ in different socioecological, sociocultural and sociopolitical
settings. Fah (2007) explains how land and water uses, and users and conflicts act as
direct or indirect drivers of human mobility. Currently, nearly 25 million people
worldwide are displaced due to floods, and other environmental factors and projec-
tions estimate in the coming three decades (by 2050) that 200 million people may be
exposed to migration as a result of drivers related to a lack of natural resources,
and beyond 2050, this number may cross 700 million people. Noting these trends,
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the interlinkages in water, food, and human security need to be investigated in-depth
and through a multidisciplinary perspective.

Human mobility patterns and trends are influenced by land and water interac-
tions in numerous ways depending on the context and settings. Between 1997 and
2011, 4.3-20.2 trillion USD per year worth of ecosystem services were lost due to
land-use change (Sukhdev et al. 2009). Also, the development trends such as indus-
trial expansion, agriculture intensification, and myopic water harvesting practices
resulted in settings of competing and conflicting demand and supply. This is par-
ticularly apparent in the water-stressed regions of the world, further increasing vul-
nerabilities of communities and populations and augmenting the frequencies of
undesired outcomes, including human displacement (Barriopedro et al. 2012). It is
estimated that >50% of the world’s population now lives in urban areas. Moreover,
nearly 30 megacities house >10 million people each (Population Reference Bureau
2018). Population increase exacerbates pressure on limited land and water resources,
and these pressures are likely to continue in the coming years. This may lead to
undesired consequences for the human capital (Food and Agriculture Organization
of the United Nations 2016).

Marchildon et al. (2008) reflect that drought incidence is associated with
out-migration in rural Canada, except in places where government relief programs
mitigate drought-associated consequences. Between 1900 and 2019, 728 drought
events were reported across the world and resulted in enormous burdens for human-
ity. In total, an estimated 12 million people have been killed; >2.7 billion have been
affected, resulting in estimated total economic damages of USD 169 billion. Most
deaths by droughts have occurred in Somalia (>20,000 between 2000 and 2017),
followed by Malawi, China, and Burundi. One hundred twenty of disasters in Africa,
accounting for 40% of Africa’s droughts occurred between 2000 and 2017
(Emergency Events Database 2019). In 2010-2011, food prices in Russia, Ukraine,
China, and Argentina spiked partly due to droughts and additionally in Canada,
Australia, and Brazil due to torrential storms (Mitchell 2014; Dillon et al. 2015).
Moreover, due to high variability in food supplies and food prices, the Middle East
and north African region were noted as one of the top food importers in the world.
Some experts further suggest that the 2011 food price spikes played a role in the
Arab Spring (Bren d’Amour et al. 2016; Werrell et al. 2015).

Droughts create diminished water supply, and in long term, persistent droughts
or intense floods can limit water and food. Gleick (2014) provides statistics which
show how droughts killed >11 million since 1900 and affected >2 billion people
worldwide. The famine of Somalia from 2010 to 2012 killed >250, 000 people.
Likewise, severe drought and its consequences are linked to state failure in Syria in
2011 (Gleick 2014). The drought period between 2007 and 2011 was the driest
period on the instrumental record (Mathbout et al. 2018). As a result of the drought,
agricultural production was halved, evident by reductions in wheat production by
47% and barley production by 67%, in addition to livestock populations (Erian
2011). As a result, between 2006 and 2009, an estimated 1.3 million Syrians were
impacted by failures of the agriculture sector (Solh 2010). By 2011, the UN esti-
mated this number to have increased to between two and three million, with one
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million experiencing food insecurity, which in turn precipitated a rural to urban
migration of 1.5 million people, comprised mainly of farmers and their families
(Kelley et al. 2015). Overall, agriculture is the most affected sector, and farmers
bear much of such impacts [=80% of all direct effects, with multiple effects on
water availability, agricultural production, food security, and rural livelihoods].
As nearly1.3 billion people rely on agriculture as their primary source of income,
drought puts their livelihood at risk, halts and reverses food security and poverty
reductions, and will likely hamper the SDG agenda (Food and Agriculture
Organization of the United Nations 2019).

South Asia is extremely vulnerable to water and climate extreme events and
reports high migration flows. In most cases, vulnerable populations resort to migra-
tion as an adaptation strategy. This displacement could be seasonal, temporary, and
at times permanent, (Nagabhatla et al. 2014) with the exodus of (climate) refugees
in the African subcontinent drought trends shown in Table 4.2 a. Lake Chad, a trans-
boundary water system in Africa, also presents a typical example of land and water
resource-related crisis which has led to massive human mobility in past decades.
However, such events are often not investigated with human mobility as the primary
issue (Nagabhatla and Fioret 2019). The primary source of income in Afghanistan
is agriculture which employs about three-quarters of the population. Moreover,

Table 4.2 (a)Top ten recorded drought incidents in India and China and (b) ten key episodes
reflecting total economic damage caused by droughts (data source: Emergency Events Database)

Part a ¢ountry Date Total number of people affected
India Jan-2015-Dec-2016 330 million
India May-1987-Aug-1987 300 million
India July-2002-2002 300 million
India 1972-1973 200 million
India 1965-1967 100 million
India Jun-1982-1983 100 million
China Jan-1994-Dec-1994 82 million
China Apr-2002-2002 60 million
China Oct-2009-May-2010 60 million
India Apr-2000-2001 50 million
Partb | Country Date Total losses (*1000 US$)
United States of America Jun-2012-Dec-2012 20 million
China Jan-1994-Dec-1994 =13.7 million
Mexico Sep-2011-Dec-2011 8 million
Vietnam Dec-2015-Feb-2017 6.75 million
Algeria 1981-1983 6 million
Brazil Jan-2014-Dec-2016 5 million
Spain Sep-1990-1995 4.5 million
China Oct-2009-May-2010 3.6 million
Argentina Jan-2018-Mar-2018 3.4 million
Pakistan Nov-1999-2003 3.3 million




4 Water and Food Security Crisis Influencing Human Mobility Patterns... 59

about 85% of the country’s food comes from irrigated farming. The primary industries
are also centered on agriculture and pastoral raw materials (the World Bank 2014;
Jadin 2018). The drought of 2018, amid protracted conflict, escalated the food cri-
sis, making it the state’s worst food insecurity emergency since the 2011 drought
(see Fig. 4.3). As a result, the Afghanistan pastureland dried up, prompting distress
selling of livestock and a noted increase in animal deaths. Overall, the effect on
wheat production (estimated 28% below the 5-year average), combined with inad-
equate mechanisms to manage food security, escalated the episodes of conflicts.
These were further intensified by the limited coping capacities of households and
institutions which were depleted by decades of conflict and shrinking foreign aid
(Famine Early Warning Systems Network 2019). Integrated Food Security Phase
Classification (IPC) analysis in September 2018 estimated that nearly 10 million
people (>40% of the rural population) were in a food crisis and emergency
and > 2.5 million required urgent action to reduce their food deficits and to protect
their livelihoods (Integrated Food Security Phase Classification 2018).

In India, drought-prone districts account for >40% of the agrarian land in the
country, which is mostly rainfed lands (68% of net sown area with 48% of it under
food crops). The role of the agricultural sector in country’s economy is substantial
as close to 50% of the rural workforce is concentrated in agrarian regions (National
Rainfed Areas Authority, India). The area is highly vulnerable to droughts, which
typically occur every 3 years and last for 3—6 years. The impact of droughts on the
availability of water for human and livestock and crop and feed production is widely
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Fig. 4.3 Droughts and their impact on food production, populations, and communities in conflict-
ridden geographies, including in scenarios of human mobility and displacement (Data aggregated
from various sources: IDMC, FAOSTATS, Emergency Events Database, etc.)
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published. However, there is a limited emphasis given to documenting out-migration
and other implications of water and food crises. For instance, >75% small- to
medium-scale farmers committed suicide in the last decade, of which >75% prac-
ticed rainfed agriculture (Mahapatra 2015). Water scarcity in India, with growing
physical and economic impacts (costs from source to the field) are no longer a pes-
simistic projection, but a hard reality, that will bear adverse outcomes such as con-
flicts (BBC News 2019) and will bear adverse outcomes such as conflicts. This can
subsequently lead to the movement of people on a significant scale, likely increase
the rural-urban migration pathways.

Increases in water and food demand and insufficient governance structures
often force people to migrate. In the case of Syria, food sufficiency policies in the
1960s supported the agrarian sector in managing an increasing annual irrigation
demand. However, overexploitation of groundwater, and falling groundwater lev-
els, combined with drought episodes from 2006 to 2011 facilitated vulnerability,
conflicts, and the exodus of people moving for survival. This includes up to
1.5 million farmers (and their families) to cities. This was not only destabilizing
for the country but further contributed to the most complex geopolitical episode
in the last decade — Syria’s civil war that started in 2011. Thus, Syria’s civil war
can also be viewed as a reflection of how local water/agrarian conflicts, alongside
a complex collection of social, political, and economic factors, transitioned into
significant conflicts and destabilization (Femia and Werrell 2013; Gleick 2014;
Kelley et al. 2015).

The projections for China outlined by the IPCC point to an uncertain future if the
agricultural benefits promised via technological innovations fail to offset some of
the climate change impacts stated Piao et al. (2010). For India, supplemental irriga-
tion of rainfed food production systems can enhance (approximately two- to three-
fold) production (yields/hectare) of crops such as wheat, sorghum, and maize for the
rainfed system (Swaminathan and Bhavani 2013). Water availability and accessibil-
ity remain a crucial factor in human mobility flows, as severe droughts have periodi-
cally caused rural-urban migration (Bhagat 2017) and imposed a cumulative loss of
nearly seven billion USD (refer Table 4.3). Increasing demographic rates mainly in
developing regions is rendering significant pressure on land and water resources.
As the per capita water footprint (i.e., the measure of the amount of water required
to produce the suite of goods and services consumed by an individual) increases in
urban (water provisioning) and rural (agricultural irrigation) settings, the changing
trends in land use exacerbates strained land and water resources. For example, a
substantial fraction of global grain production is used to feed animals as a result of
population shifts to more meat-intensive diets. This, in turn, increases water
demands and exerts an upward pressure on global food prices (Liu et al. 2008;
Hoekstra and Mekonnen 2012; Brueckner et al. 2017). This loop reveals a case for
how cumulative migration triggers stem from water and food crisis settings and may
further contribute to economic loss, rural-urban migration flow, local hostilities,
inflation, water, and food insecurity.

The human mobility crisis partly influenced by the water and food crisis can have
profound impacts as illustrated in Fig. 4.4. The geographical trends and impacts of
water and food crisis and human mobility is expanding both for developing and
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developed regions. In 2015, the flow of >one million migrants (refugees from Syria,
Afghanistan, Iraq, and northern Africa) into Europe precipitated political crises
among European Union (EU) member states (BBC 2016). The German government
report (May 2017) warned that 6.6 million people might move into Europe from
Africa and the Middle East, including refugees from Syria and Iraq and economic
migrants from Libya, Niger, Chad, Nigeria, Bangladesh, Guinea, Cote d’Ivoire, and
the Gambia. Importantly, these states are also high risk for experiencing water and
climate challenges and often food crises. In 2017, the number of displaced people
increased to >68.5 million, including >25 million refugees and 40 million IDPs
(UNHCR 2018). In 2015, >65 million people were displaced by conflicts, of which
more than a quarter was international migrants. The increasing numbers of dis-
placed persons are placing excess pressure on international agencies and on the
available resources to respond and effectively manage safe and orderly migration
(UNHCR 2015; Bilak et al. 2016). The annual increase in mobility due to natural
disasters is notable, accounting for >25 million people since 2006. Populations and
communities annually displaced by various environmental disasters are much high
compared to people displaced by other types of conflicts. Human mobility driven
by slow-onset environmental changes remains difficult to estimate.

Water crises scenarios are increasingly reported as a concern for human
development (WWAP 2019). Focusing on the link between water and food cri-
ses and human mobility is critical, and our understanding of the trends and pat-
terns are sometimes uncertain. For example, sea-level rises have caused saltwater
intrusion onto arable land, flooding has impacted low-lying regions, and the
increase in temperature has impacted the productivity of staple food. Oftentimes
those impacted have little recourse except to migrate as the only adaptation
strategy (the Internal Displacement Monitoring Centre 2018). Flooding can
affect water-related infrastructures like pipes and wells, rendering them dys-
functional or damaged and causing interruption of water provisioning systems.
This, in turn, increases the number of individuals and communities living in
vulnerable situations (i.e., water stress/scarcity).

Globalization, rapid urbanization, climate change, and ecological degradation
further trigger internal and international human mobility and IDPs. As of 2015,
around 244 million international migrants have been recorded, an increase of 41%
since 2000 (United Nations Department of Economic and Social Affairs 2015).
Further, in 2017, >30 million IDPs were associated with conflict and disasters
across 143 states and territories. The top ten most vulnerable countries, also labeled
as “hot spots of conflicts,” account for millions of new displacements. Syria, the
Democratic Republic of Congo (DRC), and Iraq jointly accounted for >50% of the
total displacement statistics of the year, followed by sub-Saharan Africa and the
Middle East, where conflicts sprout from the interplay between resource allocations
and resource degradation and act as triggers for human mobility (the Internal
Displacement Monitoring Centre 2018).

The interlinkages, trends, and patterns of food and water security and migration
illustrate some key points: (a) People move away from water scarcity, including
droughts, and aim to reach settlements that are close to water sources. The perception
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of water availability also coincides with the opinion for economic opportunities.
Thus, water acts both as a “push” and “pull” factor. (b) Several socioeconomic and
ecological realities of land and water are associated with generating and exacer-
bating vulnerabilities. These vulnerabilities, in turn, catalyze the push and pull
dynamics, leading to undesired outcomes of human mobility. (c) To understand
contemporary trends and patterns of human mobility, it is pertinent to look beyond
the standard push-pull dynamics, generally derived from conventional migration
literature and concepts. (d) Water and food crises are cross-cutting dimensions that
directly or indirectly influence human mobility trends and patterns. Understanding
these trends and patterns provides an opportunity to create a decision tool for
mapping policy options to better manage human mobility.

Mapping Interlinkages in the Water, Food, and Human Mobility
Nexus: The Local Perspective

The Congo Basin region illustrates a typical case of the interlinkages in water secu-
rity, food production, and human mobility in the setting of conflicts (Fig. 4.5). These
include hydroclimatic variability, fast-changing water demand-supply dynamics,
increasing population, water availability for provisioning and agricultural produc-
tion, sociocultural complexities that directly and indirectly govern land and water
use and users (customary laws vis-a-vis state legislation), civil and political con-
flicts, some of which are rooted in land and water resources sectors, and increas-

IDPs on Congo Basin
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Fig. 4.5 IDPs in the Congo river basin and various triggers as reported by IDMC (2018)
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ing episodes of human mobility. Limited data is available on displacement associated
with sudden-onset disasters such as floods, etc. The regions exhibit how multifac-
eted drivers of conflicts are expected to increase pressure on land and water resources
and that in turn influences human mobility pathways. Flooding is a significant driver
for IDPs pathways in the region, acting along with set of social, ethnic, and political
conflicts. During 3 weeks of flooding (December 2015) that severely affected 17
districts of eastern and central Kinshasa, >25 people were reported dead and > hun-
dred thousand displaced. Communities near the Congo River basin and, it’s tribu-
tary, the N’djili overflowed, forcing people to flee their homes or forced face
displacement. Individual and community assets such as churches, schools, and other
infrastructure were loss. Flooding left many without drinking water as the
“Regideso” water treatment plant was affected (BBC News 2015).

In 2017, the DRC had recorded the second-highest level of new displacements
globally due to conflict and the third-highest overall levels of migration. North and
South Kivu provinces noted the highest number of IDPs, who were displaced as a
result of inter-communal clashes, conflicts, and natural disasters, among other rea-
sons. Furthermore, Tanganyika, Kasai, Kasai-Oriental, and Ituri experienced a local
collapse of their economies due to the high flow of internal displacement sequen-
tially destruction of fields, food, and markets and drop-in school attendance (Internal
Displacement Monitoring Centre 2018).

A recent study estimates that >13 million people in DRC need assistance, includ-
ing >600,000 international migrants and > 4.5 million IDPs (Schlindwein n.d.), the
news interface (DW) reports that, “since the start of 2018, more than 50,000
Congolese have fled to Uganda, many by boat through Lake Albert which borders
between east DRC) and Uganda. Each day >500 people reach to Uganda side of the
lake. Escaping across the water is dangerous...” UNDP assessment of the region
underlines the impact that sea-level rise and land degradation have had in driving
large-scale mobility (Goeman 2019). The number of food-insecure people has dou-
bled from 7.7 million (2017) to >13 million (2018). Access to food is a daily struggle
for a significant part of the Congolese population, and consequently, >five million
children are acutely malnourished, placing the DRC as having the second-largest
hunger crisis in the world after Yemen. The 2016 Cost of Hunger in Africa study
found that under nutrition cost, the DRC close to 5% it’s Gross Domestic Product
(GDP), i.e., US$ 1.7 billion/annum (World Food Programme 2019).

The case of DRC emphasizes the relevance of integrating ecological and socio-
economic complexities. The country’s troubled legacy of conflict, environmental
degradation, rapid urbanization, and underinvestment in land and water manage-
ment has severely affected water and food provisioning and influenced mass
mobility patterns. There is a need for projects, programs, and investments that
support participatory approaches to tackling water and food crisis, conflict resolu-
tion, and challenges related to growing trends of human mobility in the region. In
this context, a new initiative funded by International Development Research
Center (IDRC, Canada) for the Congo region/basin that is in the area co-coordi-
nated by UNU INWEH (https://inweh.unu.edu/project-launch-addressing-climate-
and-water-driven-migration-and-conflict-interlinkages-to-build-community-resil-
ience-in-the-congo-basin/) focuses on building community resilience as an
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adaptation strategy, mitigating conflicts generated through the different use of land
and water resources, and water generation of enhanced understanding crisis-driven
migration can assist in filling existing gaps and needs.

Discussion Points

Multiple factors drive water and food crises and affect various facets of human and
sustainable development. Droughts, floods, sea-level rise, salt-water intrusion,
water quality issues, poor access due to inadequate water infrastructure, or/and poor
water management practices, directly and indirectly, influence human mobility and
displacement. It remains challenging to isolate the role of specific or isolated
contributors, for example, how change in rainfall variability, disaster/climate change
impacts, or water quality affects the decision of people to migrate. The complexity
in understanding these interlinkages is a constraint for migration policy discussions
to be inclusive and integrated. Better management of land and water resources and
managing challenges related to competing uses can serve as a preemptive strategy
to manage conflicts related to natural resources that, in turn, triggers migration and
negatively impacts vulnerable communities. The suggested three-tiered approach
presents a scalable framework to examine how food and water crisis influences
human mobility in various settings.

Analysis of narratives, trends, and patterns provides a comprehensive approach
to investigate the relatively under-investigated influencers of human mobility, viz.,
conflicts, peace, and health, existing within the water and food crisis scenarios.
Multiple droughts and floods in large grain-exporting countries in 2010 reduced
food production and triggered the increase in global food prices. In Syria, for exam-
ple, drought exacerbated the problems posed due to constant high water demand
and poor agricultural policies (Gleick and Iceland 2018). It is vital to ensure that
water and food crisis scenarios do not transition into a critical humanitarian crisis,
as in the case of the Syrian Conflict (Gleick 2014).

These drivers of human mobility do not operate in a linear order; they act in
tandem and include a variety of situational and contextual conditions. Among
others, this includes sociopolitical settings, poverty and inequality, fragility, poor
governance, and humanitarian crisis. The decisions around human mobility are
also influenced by the overall socioeconomic contexts (Afsar 2003). The poor are
the most vulnerable and have limited choice, skills, or economic ability.
Comprehensive studies that tie human mobility with food and water crisis are
currently limited or nonexistent. Present evidence assumes that climate change
leads a linear pattern of human mobility (Kniveton et al. 2008), an argument
often challenged by migration experts. The aggregated account of trends and
patterns presented in the chapter provides for an enhanced understanding of the
interplay of direct and indirect drivers of human mobility and calls for proper
risk assessment of migration scenarios resulting from various aspects of water
and food crisis.
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Different “narratives” of migration are relevant for contextualizing human mobil-
ity within the food-water-crisis nexus. These narratives comment on the signifi-
cance of assimilating climate, ecological, and socioeconomic interlinkages and
emphasize the role of “problem framing.” A focus on framing the problem can, in
turn, facilitate negotiation and mediation and consensus-building for managing
spillover impacts of unplanned human mobility and help maintain human security.
Managing the unintended outcomes of human mobility, voluntary or forced, inter-
nal or international, exhibited within water-food crisis scenarios needs to be tackled
in tandem with overall migration assessment and policy discourse and likely within
the global sustainability agenda. The new and emerging human mobility trends and
patterns should be appropriately assessed to outline a collective and integrated
approach for strengthening the adaptive capacity for individuals and populations
living in vulnerable situations (Niva et al. 2019). Also, it is essential to note the need
to improve the sustainability, so that migration as an adaptation method does not
create a situation where migrants move from one vulnerability to another (Niva
et al. 2019). A lack of engagement mechanisms and participatory approaches to
tackle crises related to resource systems can also lead to massive conflicts and the
disruption of political stability and thereby pose a threat to human security
(Jagerskog et al. 2015).

Another important dimension human mobility stemming from water and food
crises does not meet the legal requirements for migrants to be considered as “refu-
gees” (i.e., those forced to migrate as the result of conflict or persecution and a
lack of state protection). This emphasizes the need to widen the scope of existing
migration policies. Moreover, the distinction between forced displacement and
voluntary movement is rarely clear. The complex debate on the term “refugee” or
“climate refugee,” used to describe forced displacement by environmental
changes, reflects the contrast in perceptions. While environmental scientists favor
the terminology, migration theorists don’t (Piguet 2013). Besides the conundrum
of conceptual framing, the challenge of isolating clear drivers of human mobility
also applies (Foresight 2011). Census data on tracking human mobility rarely
includes drivers related to water, land, food, or climate settings. Instead, attribu-
tion to one or other proximal causes, such as loss of livelihood, is prevalent
(Upadhyay et al. 2015). The linguistics of addressing water, food, and climate
crisis-driven human mobility remains constricted and fuzzy. While IDPs are pro-
tected under the 1998 Guiding Principles on Internal Displacement, the interna-
tional migration laws provide no clear status for people and communities dealing
with extreme vulnerabilities. The United Nations High Commissioner on Refugees
(UNHCR) agenda on recognizing human displacement in response to climate
change encouraged states to acknowledge and offer protection to those displaced
by environmental changes (McAdam 2013). The post-2015 SDG agenda could
also serve to steer better efforts to map, address, and tackle the food-water-human
mobility nexus.

Empirical clarity and up-to-date data, information, and knowledge remain cru-
cial evidence to support policy outcomes in the interlinked and complex water and
food crisis scenarios. Integrated assessment can provide for a clear way to generate
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evidence and subsequently frameworks for a decision support system. For
instance, SDG16.8 calls for “strengthening the participation of developing coun-
tries in the institutions of global governance can also benefit from the availability
of knowledgeable...” And, SDG 16.10 and 16.b emphasizes the provision of
quantitative information to advance the scope of international agreements and the
promotion of laws and policies for sustainable development. Noting that human
mobility concerns are a global development challenge, better understanding of
this nexus can help transform empirical synthesis into actual evidence for better
policy outcomes.

Migration and environment are policy realms which are generating high levels of
concern in current times, both politically and among the public. But developing
strategies to integrate these issues in the development agenda remains challenging,
both domestically and internationally (Foresight 2011). The international commu-
nity is becoming more aware of intensifying human mobility patterns. However,
there has been little success in developing supporting policies and programs to
accommodate and address multi-scalar (local, across borders) and multifaceted
(seasonal, temporary, permanent, internal) aspects of human mobility. To some
extent, the specifics applicable to water and food crisis-related human mobility get
shaded by the host country in the general framings of immigration and security poli-
cies (Aiken et al. 2014). Integrated policy frameworks to support and protect
migrants are only a part of that planning. Designing long-term solution to address
water and food needs of individuals and populations living in vulnerable situations
is further needed (Long and Rosengaertner 2016).

Concluding Notes

Water and food crises aggravate pressure on land and water resources due to
competing and conflicting uses. This often leads to conflicts which in turn can
trigger mobility, influence socioeconomic and sociocultural settings, intensify
inequality and poverty, and inhibit human development. This hypothesis loop is
described in the chapter by outlining a three-tiered approach. Two key points
emerge from the synthesis: (a) Lack of water security undermines the lives and
livelihoods of people, and food and water provisions and other basic needs bear
a close link with human mobility trends and patterns. And, (b) water and food
crisis driving human mobility operates in tandem with different social, political,
economic, and demographic drivers. Improving the coordination apparatus of
human mobility by providing a schematic way to address complexity and inter-
disciplinarity inherent to the food-water crisis-human mobility nexus. Apart
from economic and financial burdens, unplanned human mobility, in general,
affects the well-being of people, communities, and states’ loss of habitation, as
well as social and cultural identities. The global agenda to address this phenom-
enon would need well-deliberated and inclusive policy actions toward the resolu-
tion of conflicts and steering sustainability. That said, in-depth investigation of
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changing trends in water and food crisis and resulting patterns of human mobility
is needed to achieve integrated assessments and effective management of pre-
carious and irregular human mobility pathways.
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Annexure

Aggregation of multiple narratives as a tool to explain pluralistic dimensions and
interlinkages that apply to land, food, and water crisis settings and resulting human
mobility

Narrative and related information Explanation, example, and context

The theoretical narrative Environmental change is unquestionably the
Identifies environmental (climate and most significant influence on patterns of
ecological degradation related events)-driven | migration worldwide (Hynie et al. 2016)
human mobility migration as a central Estimates and projections by various agencies
component to migration assessment discourse | helps to provide evidence. For example, Brown
and planning (2007) estimates that 200 million people may be
An in-depth focus on direct and indirect displaced by environmental changes by 2050
drivers remain limited The spectrum of direct and indirect

The rate and severity of environmental environmental drivers escalates and exacerbates
changes are rapidly increasing, and other drivers of migration, such as conflict and
consequently, so are the number of people dwindling livelihood opportunities. Focus on
affected, empirical evidence is generic and understanding interlinkages is pertinent

often scattered

The narrative of “duality” At the place of destination, when migrants are
Is an overarching aspect of human mobility | socially and economically integrated into the
Migration gives rise to both opportunities and | host communities, they may contribute to GDP

challenges in the areas of origin and and innovation and skillset upgrade (FAO 2018)
destination Migration from rural areas could have negative
In cases, mainly where agriculture is implications for agricultural productivity due to
characterized by underemployment, labor shortages, affect intra-household labor

migration may result in better employment substitution patterns, and add to the work burden
opportunities and higher incomes for those of women
who remain

(continued)
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Narrative and related information

Explanation, example, and context

The historical narrative

Claims that human mobility connects with
water in many sociocultural and
socioeconomic settings

Despite these early historical insights,
references to the environment (climate, water,
extreme events) as a prominent factor
disappeared progressively from the migration
literature over the twentieth century

In 1889, poor climate conditions precipitated
currents of migration that also persist today
In the 1980s and early 1990s, a few landmark
publications raised the issue and shared
alarmist estimates of the people foreseen to
move (Piguet et al. 2011)

Human mobility is seen as a common adaptation
strategy (Afsar 2003)

Nomads and pastoralists in Africa, Middle East,
and Asia, in particular, carved customary
migration pathways to ensure water and food for
their livestock

Migration known to provide sustained livelihood
and provisioning for their communities
(Jagerskog et al. 2016)

The human development narrative

Is a firmly entangled with the water-food
crisis and human mobility nexus

Water demand has increased in many regions
of the world in order to meet the food and
energy demands of the growing population
As such, water represents a critical
development factor in economic growth-
oriented development models

This narrative is more significant if
governance is weak, infrastructure
inadequate, and institutions fragile (Gleick
and Iceland 2018)

Increasing pressure on water resources
undermines water security and contributing to
conflict, migration, and food insecurity in many
parts of the world

Currently, crisis scenarios relating to water
availability and accessibility increase the
severity of drought and flood events,
biodiversity-watersheds-ecosystems degradation,
challenges in managing wastewater (municipal,
industrial, and agricultural), and dynamics of
surface water and groundwater use

The socioeconomic and gender narrative
Is apparent yet often overlooked dimension
Unstable living conditions that manifest in
human mobility scenarios are not usually
sensitive to gender norms

In Africa, where most IDPs stay with
relatives or in host communities, hosts in turn
may exhaust their resources in addressing the
new arrivals (IDMC 2012) or the gender
groups can be subjected to harassments and
assault

‘Women are generally vulnerable, particularly
with respect to gender-based violence, as are
children (Internal Displacement Monitoring
Centre (IDMC 2019)

Unplanned human mobility poses a potential
threat to human security and sustainability,
particularly through the loss of productive land,
livestock, home, and vital assets as a result of
water and food crises (IDMC 2018)

IDPs often lose land, property, livelihoods, and
access to health services and education and
therein become poor

The climate change narrative

Is multifaceted, and its impact on human
mobility is embedded at various levels in the
emerging pathways of human mobility

In 1990, the first UN IPCC report on climate
change raised the alarm that the gravest effect
of climate change may be on human migrants
as millions will be displaced (IPCC 1992)

Impacts of climate change reduce the
communities’ resilience to cope with shocks
(i.e., environmental, social, and political). For
example, infrastructure damage (e.g., broken
water pipes, contaminated water) caused from
flooding increases the exposure of communities
and populations to risks such as waterborne
diseases and malnutrition and thereby creates a
situation of acute food and water insecurity
(IDMC 2018)

(continued)
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Narrative and related information

Explanation, example, and context

The narrative of adaptation

Argues that migration represents an
unsustainable adaptation pathway which
reflect a mismatch between expectations and
reality

Migrants who move to seek better
employment opportunities may move from
one vulnerability to another (Black et al.
2011)

Also, applies to the rural to urban mobility

IPCC states, “migration is the only option in
response to sea-level rise that inundates islands
and coastal settlement” (IPCC 2007) indicating
that some cases of relocation occur in low-
resource settings, where migration is the only
option for survival

The internal displacement of people and
communities in Africa and Asia has been
associated with the occurrence of droughts.
However, limited information is available as to
how floods, droughts, climate extreme events,
and food and climate crisis triggers international
and long-distance migration. The cost burden of
internal displacement and international migration
can be quite different, and frequently people may
choose to spend their money on food and
survival needs instead of the cost of moving far
away (international migration)

The narrative of environmental
determinism

States that environmental changes tend to
affect individuals and communities
differently. Vulnerability theories emphasize
that the impact of any specific environmental
change depends on the affected individuals’
and communities’ ability to adapt (McLeman
and Smit 2006)

It remains challenging to attribute specific
environmental conditions as a main cause of
human mobility trends and patterns,
particularly at the local scale (Black et al.
2011)

The individual and community capabilities and
nation and state level abilities to cope with
migration induced through environmental change
are intertwined with existing institutional and
polices measure that states have in place, such as
insurances for crop failure due to extreme events
or compensation policies for loss of income, etc.
Subjective assessments may overlook the
intricacies governing this nexus. For example,
when reporting the reasons behind migration,
those experiencing water and food crisis can
perceive more proximal drivers, such as
livelihoods, as the primary deciding factor
Existing climate adaptation strategies and
development plans for managing detrimental
effects of environmental change, resilience
building, land, and water management usually do
not factor addressing the resultant human
mobility

The narratives of health, tenure rights,
ownerships, and allocations

These factors influence displacement of
people, as safe and accessible water is
fundamental to human development and
well-being (e.g., human consumption,
domestic use, food production, or recreation)
Development projects like dam construction
or irrigation system expansion lead to the
redistribution of water allotments among
sharing stakeholders (Gleick 2000)

Making a distinction between territory and
property is essential when considering water
management planning options. Territory implies
stewardship of nature and its resources
(including water), whereas “property” refers to
something that can be cordoned-off and
privatized

Human mobility driven from centralized
ownership can be addressed by instituting a
system of collective ownership for water

(continued)
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Narrative and related information Explanation, example, and context

The narrative of conflicts Water and food crisis-induced human mobility,
Future projections show that nations and in some cases, links to conflict and violence
states may face extreme water stress in the Conflicts are further connected to situations

case of heavy dependency on river water when population and communities are directly
which is controlled by upstream nations who | affected by food and water crisis. For example,
have unresolved water-sharing issues high rainfall variability intensifies competing use

Water crisis is becoming acute, and conflicts | of land and water resources and augments

in shared water basins are on the rise (OECD | pre-existing disputes or other drivers of human
2012; DNI2012) mobility, thereby indirectly aggravating mobility
Conflicts negatively influence community’s | (IDMC 2018)

resilience to cope with the impacts of climate | Conflicts also increase the risks of displacement
change
The narrative of SDGs It is widely argued that human mobility and
Solomon and Sheldon (2018) explain that the | displacement context are underrepresented in the
declaration accompanying the adoption of the | sustainable development agenda (Samman et al.
SDGs, recognizes the positive contribution of | 2018)

migrants for “inclusive growth and Increasingly, the member states of United
sustainable development” Nations are acknowledging that “international
World Water Development Report of 2019 migration” is a multidimensional reality of

and World Water Day theme of 2019 “leaving | significant relevance for the development of

no one behind” presents a narrative of countries of origin, transit, and destination and
inclusivity (WWAP 2019) requires coherent and comprehensive responses
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Part 11
Climate Variability and Food Security

The four chapters in this part zero-in on specific regions and assess the threats,
impacts, and likely outcomes for the land, the water, the biodiversity, and the human
population.

Squires and Gaur begin with the assertion that smallholders are the key to pro-
viding “survival” food security. The critical role of smallholders is explained. Over
half of all the food that is produced is from the efforts of smallholders who are to be
credited with feeding their own households and generating a surplus for sale. There
is focus on essential food for a reasonably healthy life, i.e., on basic food security
being the provision of essential food for survival. One of the agricultural pathways
toward sustainable food and nutrition security is through local production of nutri-
tious food, an activity in which smallholders play a crucial role. As food consumers,
all rural and urban people in developing countries count heavily on the efficiency of
their local smallholders to satisfy their food needs.

Problems of a different kind (mainly natural disasters) are at the core of the chap-
ter relating to the western Balkan region (Augustyn, van t'Wout and Terzic).
Agricultural risk reduction plays a key role in maintaining viable livelihoods in the
ever-changing world. Climate change as manifested in a higher frequency (and
severity) of extreme weather events as well as the slower, but seemingly unstoppa-
ble, climate shifts impacts agricultural production, especially cropping.

All aspects of food security are potentially affected by climate change, including
food access, utilization, and price stability, and these impacts are explained.

From Cameroon there is a case study (Tume et al.) that analyzes the impacts and
expected outcomes for people in the highlands. The information presented helps us
to understand the plight of the poverty-stricken mountain dwellers and the various
ways that climate change will affect their lives and livelihoods over the coming
decades.

Food security in China, as the most populous nation on earth, is of primary con-
cern, and the multifaceted and multidimensional nature of ensuring enough food
and guaranteeing its safety has been dealt with here (Squires and Feng). Attention
has been paid to the major transitions in agriculture over the past few decades.
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Chapter 5
The Critical Role of Smallholders

in Ensuring Food Security

Victor R. Squires, Mahesh K. Gaur, and Haiying Feng

Preamble

There is no consensus or universal definition of the term smallholder (Bosc et al. 2013).
The term is commonly used to refer to farms less than 2 ha in size.! Other authors do not
define smallholder farm systems by land area but instead base their definition on other
identifiers. Some such identifiers include reliance on family labor, percentage of produc-
tion consumed on-farm, and quantity of economic output. Smallholder farms can also
be distinguished from other farms by the economic size of their farm, a measure derived
by scaling farm area by the revenue produced per unit of land, the cost of renting or sell-
ing land, or the amount of income derived from an area of land. Economic size can
substantially diverge from physical size. We interpret agriculture broadly, to incorporate
crops and livestock, but also agroforestry, fisheries, aquaculture, hunting, and resource
extraction, which frequently form part of diversified smallholder livelihoods

Much has been written about food security. Several different elements are identi-
fied in the most widely accepted definitions (Fig. 5.1).

! The term “smallholders” is widely understood to include small farmers who do not own or control
the land they farm. In some cases they may have a formal use right. See FAO for a discourse on
smallholders and their characteristics. http://www.fao.org/docrep/t0211e/T0211E03.htm
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Fig. 5.1 a, b Food security is a multifaceted and multidimensional concept as shown here.
Availability Access, Adequacy, Acceptability are key elements in many definitions

But in this chapter we will focus, as our central theme, on basic food security
being the “provision of essential food for survival.” We are talking about essential
food for a reasonably healthy life. The defining characteristic of very low food secu-
rity is that, at times during the year, the food intake of household members is reduced
and their normal eating patterns are disrupted because the household lacks money
and other resources for food. Food security, following FAO definition and concepts,
is achieved when individuals have the food they need to live their lives: it depends
on sufficient, adequate food being available; people having access to it; food being
well utilized; and on reliable availability and access. Adequate nutrition depends
partly on access to food but also on the health environment and level of child care.
Undernutrition and “hidden hunger” may well be part of the seasonal variation in
food supply and quality. One billion peoples — half of which are small farmers — are
hungry. Globally, food security is said to exist for about 4.7 billion persons with
another two billion being food insecure in terms of substandard diets and vitamin
and micronutrient deficiencies that impair physical and intellectual capacity.
Figure 5.2 illustrates the problem using WHO data from Zambia.

To protect the basic nutrition of the most vulnerable and improve food security,
social protection and nutrition actions are needed.

If global population stabilizes at around nine billion by 2050 as optimistically
predicted, food demands will rise to an equivalent of 12 billion of today’s persons
due to such factors as affluence-induced food preferences and food wastage in urban
supply chains (Braun 2009). And these population projections now look overly opti-
mistic. The vision for food security for all is not achievable from current institu-
tional approaches. No credible prediction of future technologies and policies for
food security exists: nevertheless, we may be reasonably sure that a 2050 population
of nine billion, mainly in cities, could not be supported from current approaches to
food production. With more people now living in cities than rural areas, costs of
supplying food (and the extent of food wastage) rise and spawn a new risk, the hun-
gry urban poor. This group can riot and threaten security — hence food security
becomes a national security matter (see below). This explains the instructive cases
of China and India placing a high priority for food security. Investments such as
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Fig. 5.2 Stunting [A] and underweight[B] children under five, moderate and severe 1992-2012,
Zambia. (Source: With data from WHO Global database on Child Growth and Malnutrition)

rural access (infrastructure like roads, railways) and agricultural research have
allowed China to feed itself in the face of various predictions to the contrary. Today
China is a leader in both farming new and foreign lands (Squires 2018) and in agri-
cultural research, as well as being the world’s largest food producer. India has also
fed herself but through a different approach based on subsidies of over $25 billion
per annum for fertilizer as well as other subsidies for power, water, and food prices
and by a priority on domestic stability before export. Both countries intervened in
favor of food security by managing emerging risks, such as rising demand for water
use efficiency. India’s response is through water user’s associations, participatory
watershed schemes, and community-based rain harvesting, while China relies on
incentives for irrigation systems managers. Gulati and Fan (2008) note that both
countries accept food self-sufficiency as the key to food security, with liberalized
market approaches restricted to surplus-to-security food. Other countries are less
organized, and outcomes of this neglect are food shortages in urban areas. The
urban poor are no longer just another urban issue but are fast becoming a serious
problem.

Social Stability Depends on Food Security

Neglect of a proper food security policy can be a source of civil unrest (Braun
2009). In the past hungry peasants walked in search of food or starved, whereas
today hungry urban dwellers readily coalesce into mobs seeking targets on which to
vent their anger. Governments’ first priority is to forestall such civil unrest. Rising
incidence of food protests in more than 60 countries since 2007, of which more
than half were violent, seems to follow spiralling grain prices. As the conflict in
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Syria has unfolded, experts increasingly point to the nation’s drought as a significant
underlying factor in the conflict. From 2006 to 2011, severe drought affected over
60% of the land and destroyed the livelihoods of many Syrian farmers. Crop failures
of 75-100% were common. By 2010 some one million Syrian farmers were forced
into cities already crowded with refugees from Iraq. Observers caution that other
nations could experience similar challenges. A study from NASA’s Goddard Space
Flight Center projected that the Middle East, North Africa, Pakistan, and other des-
ert regions will likely see increased periods without rain as global temperatures
increase. As devastating droughts destroy agricultural livelihoods and send farmers
fleeing to cities, the world risks repeating crises like that in Syria.

History informs us that most cities arose in fertile valleys and deltas close to their
food supplies. Continued expansion of cities has produced the almost unbelievable
situation where the area of the combined cities of the world covering the best farm-
land is the equivalent of half the area of China. Good food policy allows both small
and large farmers to innovate. The world needs all the food that it can produce.
Added to the increased food demand is that of changing dietary habits. The so-called
affluent diets seem to have only minimal effect so far but retain the potential to skew
demand as they have done in urban areas of China (Squires et al. 2015). It is pro-
jected that at current levels of crop yields, increases in land and water requirements
for affluent diets could rise in East Asia by 47-70% and in South Asia by 30-57%.
Of course, such additional resources do not exist. That is why increased yields and
efficiency in water delivery and on-farm use are imperative. Hence, China’s empha-
sis on food grain production in the face of other market demands, and its apparent
willingness to move toward treating non-essential foods under an open policy trade.

More critical to food security, since it is affected by both climate and urban competi-
tion, is water. Grain is produced under mainly rainfed conditions, as in the five major
global exporters. But the success of Asia to feed itself and export surplus relies on
irrigation. This means that the largest food production area in the world is faced with
increased competition for water from the most populous cities of the world. Quarantining
water for food production will require strong governance. Such variables as these have
never before been faced simultaneously. It is one thing to say that “the challenge is
great,” but that tends to lead to more of the same interventions as in the past.

Now that food security has become a primary focus for many governments of
food-marginal countries, multiple strategies will become essential, including food
reserves. As Falvey (2010) reminds us, food reserves around the world have been
allowed to decline over recent decades. This has been done in a managed way in
China as a cost-saving measure. At the same time, China has increased yields, pro-
duction, and cultivated area by huge research investments and political might and
investment. Smaller nations cannot do this, and neither do they have China’s diver-
sity of environments. Hence they will need to consider reestablishing and maintain-
ing reserves. It must be remembered that in many Asian, African, and Latin American
countries the vast majority of food is consumed in its country of production.
Figure 5.3 shows the ratio of rice produced and proportion for local consumption as
well as the level of self-sufficiency. It is significant that many of ASEAN countries
depend on smallholders to produce food for their populous and for export.



5 The Critical Role of Smallholders in Ensuring Food Security 83

%
200 %2009

2010 (Forecast)

150

Self-Sufficiency Line

50

£l -

ASEAN  Thailand Cambodia Vietnam Myanmar Indonesia Lao PDR  Philipines  Malaysia Brunei  Singapore

Fig. 5.3 Ratio of rice produced to local consumption in selected ASEAN countries

Smallholders Play a Vital Role in Ensuring the Basic Level
of Food Security

In reality smallholders, especially small farmers, feed the world. IFAD and FAO put
the number of small farmers at about 530 million (85% of all farms across the
world). These are supported by two billion persons — about one third of the world’s
population — most whom are feeding themselves, some of them produce a surplus
(Samberg et al. 2016). Smallholder farmers are also estimated to represent half of
the hungry worldwide and probably three-quarters of the hungry in Africa (Sanchez
and Swaminathan 2005). Consequently, the fate of smallholder farmers will largely
determine whether or not the world succeeds in reducing poverty and hunger world-
wide and meeting the Millennium Development Goals. Of the world’s 530 million
farms, FAO records 85% as less than 2 hectares (ha), 12% between 2 and 10 ha,
2.7% between 10 and 100 ha, and only 0.6% of more than 100 ha (Samberg et al.
2016). The small farm sector of poor countries involves some two billion people — it
feeds them and provides surplus for non-producers in towns and cities. Most small
farmers live in poor countries (where most of the world’s population live anyway).
Smallholders have a significant role to play in the world food production system and
in the overall economy (Fig. 5.4).

India and China with their huge and diverse populations have large numbers of
smallholders. Some live in the drier agropastoral zones and even in the deserts; but
most are tilling pocket handkerchief-sized farms and feeding their families. Some
are landless (see below). The average farm size in most poor countries continues to
decline (Figs. 5.5 and 5.6).
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Fig. 5.4 The economic value of smallholders must take into account five distinct roles

Average farm sizes in selected countries
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Fig. 5.5 Average farm size has fallen dramatically in India and Ethiopia, largely in response to
population pressure. China started off from a low base and is constrained in further subdivision.
Part of the decline is attributed to land lost by urbanization and infrastructure development
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Fig. 5.6 Trends in farm size per household in India since the census of 1970-1971

China has the remarkable distinction of feeding its huge population from the
smallest area of arable land per capita in the world. Farm size in China was trending
downward, but of late there has been policy reform away from small individual
plots under the household contract responsibility system? introduced in the 1980s.
Land consolidation, usually as result of the pooling of land and water resources
within farmer cooperatives, has seen a statistically significant rise in the reported
farm size. In India, for example, farm size has fallen from 1.41 ha to 1.08 ha in the
past 20 years (Fig. 5.4). As much as 67% of India’s farmland is held by the marginal
farmers with holdings below 1 hectare. The average size of the holding has been
estimated as 1.15 hectare. The average size of these holdings has shown a steady
declining trend over various agriculture censuses since 1970-1971.

A similar trend in reduced size of farms has occurred in Ethiopia. Few countries
in the world are more synonymous with starvation and famine than Ethiopia. The
Ethiopian highlands are highly agrarian and densely populated relative to its fragile
natural resource base. Farm sizes are generally very small in the Ethiopian high-
lands (Fig. 5.6) and declining over time (Headey et al. 2014). The average farm size
varies with the agroecological region. For example, the average is 0.49 ha in the
Southern Nations, Nationalities, and Peoples” (SNNP) Region where the percentage
of farmers with less than 0.5 ha is highest (61.7%) to Oromia and Tigray where farm
size is near 1 ha and the percentage of farms with less than 0.5 ha is less than 30%.

2HCRS Since the mid-1980s under this policy, all livestock and rangeland resources (except the
land itself) that originally belonged to the State and were used communally in collectives were
distributed to each householder according to family size, at that time. There was a contract between
the government and the householder to produce a quota of produce. Surplus, above the quota,
would accrue to the householder. It provided incentive to produce, whereas before there was none.
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Fig. 5.7 Frequency distribution of average area of cultivated land per holder in the Ethiopian
highlands. More than 57% of holders have <0.5 ha. (Source: Headey Dereje and Taffesse, 2014)

Nationally, average farm sizes declined from an estimated 1.4 ha per holding in the
1977 agricultural census to just below 1.0 ha in recent times. Farmers below the age
of 38 have farm sizes that are almost 0.2 ha smaller than farmers aged 50 years and
about 0.3 hectare smaller than those aged 60 years. Young rural households face
particularly severe land constraints (Fig. 5.7).

India has many people, little arable land, and burgeoning populations, so a brief
analysis of what the situation is in India could be very instructive. India has made
great strides since independence, but there are a few major reasons which still keep
it among the league of developing nation. These are teeming population, over-
dependency of rural population (about 70%) on agriculture, fragmentation of land
holdings, decreasing growth in agricultural production due to depleting natural
resources (particularly land productivity and water resources), and weak implemen-
tation of various developmental programs aimed to promote sustainable develop-
ment. Food security is the major issue among all these problems, as it impedes the
development of the people as well as the country.

Problems of Food Production

Small and fragmented land holdings, land degradation (due to soil and water ero-
sion) resulting in depletion of land productivity, improper use of water resources,
old-fashioned agricultural production technologies, and absence of required infra-
structure for postharvest management and marketing of agriculture produce are
responsible for lower yield and income of farmers.
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The Indian Green Revolution worked very well particularly in Punjab, Haryana,
and parts of Uttar Pradesh and parts of Rajasthan, where lands were well developed
and fertile, water for irrigation was readily available, and farmers were keen to
increase their farm productivity and income. Generous support was extended by the
government to develop the necessary infrastructure for individual farmers as well as
for building common infrastructural facilities. As a result, the area under crop pro-
duction increased from 115.58 Mha in 1960 to 127.84 Mha in 1990. It generated
employment for everyone, i.e., landholders as well as landless, while ensuring food
security for the country. The positive impacts of Green Revolution continued for
over 30 years till the 1990s. However in 1990s, the growth in the agricultural sector
started facing stagnation.

Growth in Food Grain Production in India

India’s food grain production increased five times over six decades, according to
2016 government data. But with the average Indian farm now half as large as it used
to be 50 years ago and yields among the lowest in developing economies, both the
agriculture sector and farmers have been driven to the brink. Output of food grains in
India (Table 5.1) increased from 50.82 million tonnes in 1950-1951 to 252.22 mil-

Table 5.1 Growth in food grain production in India

Food crop production (million tons)
Year Rice Wheat Coarse cereals Pulses Total food grains
1950-1951 20.58 6.46 15.38 8.41 50.82
1960-1961 34.58 11 23.74 12.7 82.02
1970-1971 42.22 23.83 30.55 11.82 108.43
1980-1981 53.63 36.31 29.02 10.63 129.59
1990-1991 74.29 55.14 327 14.26 176.39
2000-2001 84.98 69.68 31.08 11.07 196.81
2002-2003 71.82 65.76 26.07 11.13 174.77
2003-2004 88.53 72.15 37.60 14.91 213.19
2004-2005 83.13 68.64 33.46 13.13 198.36
2005-2006 91.79 69.35 34.06 13.39 208.60
2006-2007 93.35 75.81 33.92 14.20 217.28
2007-2008 96.69 78.57 40.76 14.76 230.78
2008-2009 99.18 80.68 40.03 14.57 234.47
2009-2010 89.09 80.80 33.55 14.66 218.11
2010-2011 95.98 86.87 43.68 18.24 244.78
2011-2012 | 105.30 94.88 42.01 17.09 259.29
2012-2013 | 105.24 93.51 40.04 18.34 257.13
2013-2014 | 106.65 95.85 43.29 19.25 265.04
2014-2015 | 105.48 86.53 42.86 17.15 252.02
2015-2016 | 104.32 93.50 37.94 16.47 252.22

Source: Directorate of Economics & Statistics, DAC&FW, Government of India
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lion tonnes in 2015-2016 (Agriculture Statistics at a Glance, Government of India,
2016). Also yield increased from 522 kg per hectare (ha) in 1950-1951 to 2056 kg ha™!
in 2015-2016. The increase during the first 30 years of the Green Revolution was
mainly due to increase in the area under crop production and introduction of improved
varieties with recommended cultivation practices. The increase in food production
during 1990-2010 can be attributed to improved efficiency and increased use of agri-
inputs (particularly insecticides and other pesticides) which also increased the cost of
production.

The reason for the low yield is excessive dependence — 52% of India’s farmland
is not irrigated — on the erratic, uneven, and unpredictable monsoons. The domi-
nance of small and marginal holdings makes this situation highly volatile even more
troublesome, as small and marginal farmers are highly vulnerable to adverse cli-
matic conditions. Small and marginal farmers cannot afford to adopt modern tech-
niques of irrigation and production. They also find it hard to use modern machinery
on smaller plots. They are stressed and burdened by indebtedness due to successive
crop failures and low yields. The impact of these multiple problems is that the agri-
culture sector’s share in India’s economy is declining. It contributed 17.5% to the
country’s gross value added (current price 2011-2012 series) in 2015-2016, down
from 18.2% in 2012-2013, 18.6% in 2013-2014, and 18% in 2014-2015. This is
expected to decline further (Fig. 5.8).

About 67% of agricultural land in India is held by marginal farmers with farm size
less than 1 hectare, while farmers with large holdings (having more than 10 hectares)
constitute less than 1%. The area of their holdings that is operated by marginal farm-
ers is low compared to their holdings, but large farm holders get access to a land area
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Fig. 5.8 Farm size is changing and the area classified as marginal is increasing. (Source:
Agriculture Census 2015-2016, DAC&FW, Government of India)
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that is ten times their holdings, indicating the stress marginal farmers face in the
country. The average size of the Indian farmland has shrank by over 6% between
2010-2011 and 2015-2016, with operational holding in the country dropping to 1.08
hectares from 1.15 hectares in 2010-2011. With land holding getting smaller, the
share of small and marginal holdings in the country (between 0 and 2 hectares) has
risen to 86.21% of total operational holding in 2015-2016, which comes to around
126 million, as against 84.97% in 2010-2011. On the other hand, the share of semi-
medium and medium operational holdings (2-10 hectares) in total land holdings
dropped from 14.29% to 13.22%, while that of large holding (10 hectares and above)
fell from 0.71% in 2010-2011 to 0.57% in 2015-2016. This also means the number
of small holdings in the country has grown in 5 years, due to fragmentation of land,
while that of medium and large holdings have gone down. Total operated area, which
includes both cultivated and uncultivated, provided part of it is put to farm use, fell
from 159.59 Mha in 2010-2011 to 157.14 Mha in 2015-2016.

The highest number of operational holders belonged to UP — out of the 146 mil-
lion, around 23.82 million was in UP, followed by Bihar (16.41 million), Maharashtra,
Madhya Pradesh, and Karnataka.

Marginal Farmers Most Indebted

About 52% of India’s agricultural households are indebted, with an average outstand-
ing loan of Rs 47,000, according to Agricultural Statistics 2016 based on the National
Sample Survey Office — Assessment Survey of Agricultural Households (Jan—Dec
2013). The indebtedness varies across states, from 93% in Andhra Pradesh to 2.4% in
Meghalaya. Agricultural households with marginal holdings are the most indebted
(64%) compared to just 0.6% of households holding large farms. Nearly 70% of India’s
90 million agricultural households spend more than they earn on average each month,
pushing them toward debt; it was reported in mid-2017 (Mallapur 2017).

About 62.6 million households spending more than they earn had land holdings
of 1 hectare or less. In contrast, 0.39% households owning more than 10 hectares of
land had an average monthly income of Rs 41,338 and consumption expenditure of
Rs 14,447, thereby maintaining a monthly surplus of Rs 26,941 (Fig. 5.9).

Impact of Slow Growth in Agricultural Production

Reduction in the rate of growth in food production has several adverse effects on the
farmers, particularly the poor. The per capita availability of food grains has declined
after 1990 (Table 5.2). While the availability of rice and wheat marginally declined,
there was a drastic reduction in the availability of coarse cereals and pulses. This
had a direct impact on the supply of protein and minerals, which accelerated the
incidences of malnutrition particularly among pregnant women and children.
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Fig. 5.9 Land fragmentation is a factor in the increasing number of marginal holdings.
(Source:Agriculture Census 2010-2011)

Table 5.2 Per capita availability of food grains in India (Kg per capita per year)

Year Rice Wheat Other cereals Pulses Food grains
1951 58.0 24.0 40.0 22.1 144.1
1961 73.4 28.9 43.6 25.2 171.1
1971 70.3 37.8 443 18.7 171.1
1981 72.2 473 32.8 13.7 166.0
1991 80.9 60.0 29.2 15.2 186.2
2001 69.5 49.6 20.5 10.9 151.9
2002 83.5 60.8 23.1 12.9 180.4
2003 66.2 65.8 17.1 10.6 159.7
2004 71.3 59.2 25.3 13.1 159.9
2005 64.7 56.3 21.7 11.5 154.2
2006 72.3 56.3 22.1 11.8 162.5
2007 71.8 57.0 20.8 10.7 160.4
2010 64.0 53.0 19.7 15.3 159.2
2011 66.3 59.7 23.9 15.7 170.9
2012 69.4 57.8 21.9 15.2 169.3
2013 72.1 66.8 19.2 15.8 179.5
2014 72.3 66.8 22.8 16.9 178.6
2015 67.9 61.3 28.4 16.0 169.8
2016 67.2 72.9 26.1 15.9 177.9
2017 69.3 70.1 30.0 19.9 184.7

Source: https://eands.dacnet.nic.in/PDF/PerCapita-FoodGrains.pdf
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Stagnation in agricultural production has also been suppressing the employment
opportunities in this sector. As a result, contribution of agriculture to the national
GDP has come down drastically from 58% in 1951 to 35% in 1991 and to 17% in
2009. However, the population dependent on agriculture in the country reduced
marginally from 70% in 1951 to 60% in 2009. This has been affecting the income
of the rural families and their capacity to purchase food. Thus, the per capita food
consumption in rural India has been decreasing significantly over the last 25 years
and threatening food security. Landless, small, and marginal groups are facing
vulnerability.

Small Farms Are Very Efficient

Despite their small size (maybe partly because of it), efficiency levels are high.
Worldwide, and especially in the developing world, the production of food has
increased ahead of population growth for most of the last 50 years. Much of this
increase in availability has come from small-scale family farms, particularly in Asia.
Taking Asia as an example, we can see that 90% of the rice, 40% of other cereal
grains, and 40% of the meat is produced there — most of it by smallholders.
Smallholders in Africa, Asia, and Latin America focus on real food security for sur-
vival. Smallholders play a critical role in such food security in the poor world. They
feed themselves and their families and in some cases sell their surplus to feed rural
towns and even peri-urban markets.

The report of Lerman and Sedick (2011) for FAO Policy studies on rural transi-
tion 2003-9 in Central Asian agriculture demonstrates higher productivity of small
farms, especially household plots. Falvey (2010) notes that “the Asian smallholder
has consistently fed Asia, generated exports and accepted technological innovations
while feeding himself and enjoying less social protection (price support/subsidies)
than his compatriots.” This is quite a compliment! And they are very efficient. Small
farmer yields under these intensive conditions are often higher than under the exten-
sive broad acre systems common in rich countries. The advantages of small farms
over larger ones (Table 5.3) is well documented (Braun 2009). Smallholder production
offers specific skills that may not be accessible in broad acre agriculture, such as

Table 5.3 Some comparisons related to transaction costs of small and large farms*. (Modified
from Global Donor Platform for Rural Development, https:/www.donorplatform.org/)

Small farms Large farms
— Close supervision of farm household labor |- Sourcing and managing skilled labor
— Detailed farm knowledge down to small — Access to technologies and markets
areas, plants, and animals — Deals on inputs, credit, contracted and bulk
— Feeding the family on fresh produce direct sales, government favors
from the farm — More secure tenure over land
— Empathy with livestock and high levels of |— Possible quality assurance (QA) of produce
animal welfare across the supply train
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preprocessing on the farm, orientation to specific markets including organic produce,
and maintaining competitive cost structures. A review by the Australian Centre for
International Agricultural Research (ACIAR) presents some instances in which
smallholder initiatives produced higher returns than alternatives such as:

* The shift from plantation tea to small farm tea production in Sri Lanka

* Sulawesi cocoa growers who receive an unprecedentedly high 80% of the world
price at their farm gate from an industry started by their own initiative

* Vietnam cassava growers who have graduated from being price-takers for bulk
carbohydrate raw material by seeking new varieties to service 60 new local starch
factories and are now considering expansion to produce biofuel that does not
conflict with food production

These examples relate to cash crops, but the same applies to home food produc-
tion. Table 5.3 shows that there are different transaction cost advantages that apply
to small and large farms.

Small farms are vibrant interactions between diverse plants and animals, includ-
ing the farmer and his family. It is easy to elicit the virtues of small farms in com-
parison to broad acre farms, but this pits broad acre farms against small farms when
the world is not only big enough for both but urgently needs both. It needs to accom-
modate each in its own niche in social, humanitarian, environmental, and commer-
cial terms. All sizes of farms and variations on labor use are necessary to meet the
total food requirements of the world. But it is the neglected small farms that benefit
more people. As we have said before, smallholders feed half of the world’s popula-
tion. As suggested by Wiggins and Keats (2013), smallholder agriculture can poten-
tially affect food security and nutrition through the following pathways:

1. Making food available through production.

2. Reducing the real cost of food, by increasing the supply of food. The composi-
tion of production also matters, since this affects the availability and prices of
different foods with their varying nutrients.

3. Generating incomes for farmers and, for those working the land as laborers,
gives access to food and, through this, employment opportunity.

4. Providing incomes to others in the rural economy from linkages in production
and consumption that create additional activity and jobs.

Box 5.1 Existing Technologies Are a Starting Point for Adaptation to
Climate Variability

Many technologies already exist that could facilitate adaptation by small-
holder farmers when customized for local conditions and made available and
affordable. Examples include the following: Change varieties or species of
crops, or rear different breeds or species of livestock (or fish in aquaculture),
including neglected crops and breeds. Varieties or breeds with different envi-
ronmental optima may need to be adopted or those with broader environmental

(continued)
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Box 5.1 (continued)

tolerances. Increase diversification of crops to hedge against risk of individual
crop failure. Make use of integrated systems involving livestock and/or aqua-
culture to improve resilience. f Change planting dates for food crops, feeds,
and forage. f Change irrigation practices to reduce water use. Make more use
of rainwater harvesting. In some areas, increased precipitation may allow
rainfed agriculture in places where previously it was not possible. f Use
reduced tillage to lessen water loss. f Incorporate manures and compost. f
Plant cover crops to increase soil organic matter and improve water retention.
f Alter animal diets and stocking rates. Prepare for increased frequency of
extreme events, including putting in place water conservation measures in
times of drought, increasing soil organic matter to help store water after
storms, and improving drainage and farm design to avoid soil loss and gully-
ing. Farms in coastal areas may need to adapt to increased frequency of salt-
water intrusions and those in dryer areas to more frequent wildfires. f Adopt
integrated management strategies as pest, weed, and diseases respond to cli-
mate change. Recognize that the natural regulation of potential pests by their
natural enemies may be disrupted by a changing climate. f Engage with other
food producers to share best practice and experience so as to enhance
community-based adaptation. f Recognize that where wild plants and animals
supplement diets, climate change will alter their availability in ways difficult
to predict. Farmers with larger holdings tend to be more mechanized, use
more tillage, and rely predominantly on cultivation of single crops. For cli-
mate resilience they should explore low- and no-till options; improve man-
agement of the resources applied, including nutrients and water, to support
soil health; diversify crop production; and rotate crops.

Source: HLPE 2012.

Box 5.2 Reducing Postharvest Losses Can Help Combat Food and
Nutrition Insecurity in the Face of Climate Change

In the developing world, on-farm, postharvest food loss is substantial. Sources
of loss include harvesting methods, handling techniques, type or availability
of storage, and contamination from pests and pathogens. Climate change
could increase the losses. Many new programs to reduce postharvest losses
are under way. Two are highlighted here.

Burkino Faso

In Burkino Faso, USAID and Catholic Relief services supported the develop-
ment and distribution of tripled-lined storage bags that are airtight, warding
off pests and eliminating the need for chemicals to protect the contents. These
bags increase storage life, improve food quality and safety, and allow farmers
to sell produce when prices are higher.

(continued)
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Box 5.2 (continued)
Nigeria
Postharvest loss is also being combated in Nigeria where smallholder cassava
growers struggle to process cassava roots quickly before they deteriorate.
USAID, the International Institute of Tropical Agriculture, and the Shell
Petroleum Development company created the Cassava Enterprise Development
project, which provides smallholder farmers with tools such as industrial root
washers, peelers, and graters to facilitate postharvest processing.

Source: The World Bank 2013; USAID 2013; Integrated Cassava
Project 2014.

Barriers and Limits to Adaptation for Smallholders

The impacts of climate change are experienced locally, and therefore, geographic
variability in climate impacts emphasizes the need for “place-based” approaches to
climate vulnerability analysis and adaption. The term “place-based” refers to a spa-
tially distinct group of biophysical and social conditions, which can, in principle,
occur at any scale but tend to focus at local scales where local drivers manifest
themselves in particular ways.

Adaptation involves changes in social-ecological systems in response to actual
and expected impacts of climate change in the context of interacting non-climatic
changes. Closely related to the need of adaptation is the concept of vulnerability.
This is the case, because factors like adaptive capacity or sensitivity have effects on
vulnerability and adaptation mainly seeks to reduce vulnerability. Adaptation and
adaptive capacity have the potential to reduce vulnerability.

Adaptation strategies and actions can range from short-term coping to longer-
term, deeper transformations, aim to meet more than climate change goals alone, and
may or may not succeed in moderating harm or exploiting beneficial opportunities.
Generally defined, barriers to adaptation are challenges, obstacles, constraints, or
hurdles that impede adaptation. Barriers are defined here as obstacles that can be
overcome with concerted effort, creative management, change of thinking, prioritiza-
tion, and related shifts in resources, land uses, institutions, etc. Only a small subset
of all suggested adaptation measures will be implemented due to technical and physi-
cal limits as well as to differences in objectives.

Vulnerability of Smallholders to Global (Including Climate)
Change

Across the world, smallholder farmers already face numerous risks to agricultural
production. But despite their direct contribution to food production, small-scale
farmers and their households are disproportionately vulnerable to hunger and to
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malnutrition. Interventions to promote smallholder well-being should be developed
to recognize smallholders as a dynamic group with potential future livelihoods on
their own farms, in other rural sectors, and in cities near and far (see Fig. 5.10).

Climate Change Poses Risks to Global Food Security

Climate change will further increase food- and agriculture-related conflicts. The
impacts of climate change include increased water and heat stress, damaged ecosys-
tems, and rising sea levels. The actual effects are heterogeneous and region specific.
Yet, in most cases, the harmful effects outweigh the benefits and disproportionately
hurt the poorest, who have the least capacity for adaptation. By the 2050s, for exam-
ple, there will be twice as many areas with increasing water stress due to climate
change than there will be areas with decreasing water stress. In addition, heat stress
may reduce grain yields in Asia by 15-20% by 2050. And the effects of climate
change are expected to further increase the number of undernourished people in
sub-Saharan Africa. All of these impacts are likely to increase food- and agriculture-
related conflicts as well.

Climate change is expected to disproportionately affect smallholder farmers and
make their livelihoods even more precarious. Many smallholders are vulnerable to
climate change in ways that other farmers are not. The production risks posed by
climate shocks may interact with other stressors, including infectious diseases,
nutritional deficiencies, natural resource degradation, and insecure land tenure to
compound risks to smallholder livelihoods. Hundreds of millions of the world’s
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poorest people directly depend on smallholder farming systems. These people now
face a changing climate and associated societal responses. Smallholder farming
systems will become a critical fulcrum between climate change and sustainable
development (Cohn et al. 2017). Because smallholder farmers typically depend
directly on agriculture for their livelihoods and have limited resources and capacity
to cope with shocks, any reductions to agricultural productivity can have significant
impacts on their food security, nutrition, income, and well-being.

Farmers are particularly vulnerable to any shocks to their agricultural system
owing to their high dependence on agriculture for their livelihoods, chronic food
insecurity, physical isolation, and lack of access to formal socioeconomic safety
nets. Farmers are frequently exposed to pest and disease outbreaks and extreme
weather events (particularly cyclones), which cause significant crop and income
losses and exacerbate food insecurity.

As Falvey (2010) points out, if sea levels rise by 300 mm as the majority of the
models predict, the fertile river deltas of Asia and Africa will be at risk, of increased
saltwater intrusion (as is already happening in the Nile Delta), river siltation, and
course change, flooding, and damage from more frequent and severe storms, tidal
surges, etc. Loss of lives and property, that is, small holder’s lives and farms will be
lost to climate change. This is serious for two reasons: first, much of the world’s
food comes from such low lying deltas, and second, broad acre farming has already
significantly displaced smallholders on many non-delta lands leaving delta farmers
as a last and now vulnerable repository of advanced small farming innovation. If sea
levels rose by 1 meter — the worst case scenario — it has been calculated that this
would displace some six million people from 13% of arable land in Egypt, some
13 million producing 16% of rice in Bangladesh, and some 72 million from unspec-
ified large areas of China. These deltas are very expensive to protect, but the value
to the many societies is significant.

According to Falvey (2010), the practical response is to use realistic predictions
in survival food security policies as a guide for major technology development
oriented to smallholders in deltas. Such technology would build on the past innova-
tions of the farmers themselves. For example, smallholders have evolved tide-driven
irrigation schemes in the Mekong Delta, acid sulfate soil flushing technologies in
the serai of Vietnam, natural soil renewal management systems in the Nile Delta,
and highly integrated ecosystem agriculture in the Chinese river deltas. Retention of
this knowledge, coupled with means of continuing to use what has been the world’s
most productive agricultural land, is the task of policy and research. Policies that
promote low-input sustainable agriculture should be favored. Any analysis of the
cost-effectiveness of traditional delta user agriculture would favor continued invest-
ment in delta regions using the smallholder model. Smallholder’s attention to indi-
vidual plants and animals, intensive pest, and nutrient management maximizes use
of such valuable land. By contrast, simplistic engineering solutions for large cities
such as piping sewage far away from productive agricultural areas reduces food
production. Yet major cities arose from deltas with harvested nutrients returned to
agriculture. Technologies for healthily recycling solids and wastewater allow a
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return to seminatural processes. Once again, China reminds us that millions of tons
of pig and human waste used on small farms reduces the need for chemical fertilizers
and enhances food crop production. The general approach of nutrient tracking and
recycling can be applied to all food production systems.

A different kind of risk to survival food security is the genetic erosion that is hid-
den in homogenized agriculture and the narrowing of the genetic base of food plants
and the loss of indigenous breeds of livestock, especially poultry. Erosion of genetic
diversity in agriculture is a problem. It is only recently that fields restricted to single
species and varieties have become common. The introduction of modern varieties
and breeds has almost always displaced traditional varieties and breeds. The twen-
tieth century saw the loss of some 75% of the genetic diversity of agricultural crops.
Only about 150 plants species are now cultivated, of which just three supply almost
60% of calories derived from plants. Such erosion of genetic diversity in agriculture
represents a major threat to the food security of the majority of the region’s produc-
ers. Modern, uniform crop varieties will only reach their potential if the environ-
ment is also uniform, which means high-quality land where the fertility and water
status have been evened out with the use of fertilizers and irrigation. In areas where
mono-cropping is prevalent, diseases and pests can spread quickly and cause devas-
tation. While improved methods of controlling animal and crop diseases are now
available, the costs of these services have become increasingly prohibitive for the
farmer. This narrowing is making vast areas of agricultural land vulnerable to spe-
cific diseases or pests. Thankfully smallholders choose varieties, genotypes that dif-
fer from the mainstream for such reasons as flavor, ease of intensive crop
management, or just availability of seed or other necessities. Family poultry (village
chickens) are case in point (Wong et al. 2019).

Farmers of traditional and low-input agricultural systems have long favored crop
diversity. Even today, there are still a huge variety of crop combinations cultivated,
including cereals, legumes, root crops, vegetables, and tree crops. Cereals may be inter-
cropped, producing, in some cases, highly complex patterns, with up to ten species
grown in close proximity. In very variable conditions, farmers rarely standardize their
practices. They maintain diversity, develop a variety of strategies, and so spread risk.
Mixtures of crop and varieties clearly provide farmers with a range of outputs and also
represent a logical approach to coping with variable environments. Mixed crops can
also be less variable in time and space, and combined yields are often greater, particu-
larly if differences in root and shoot geometry allow the crops to use light, nutrients,
and water more efficiently Intercropping can reduce weed problems, so influence labor
requirements, returns to labor can be increased, and erosion and runoff may be reduced
because of the greater ground cover given by the mixture. Crop genetic diversity pro-
vides security for farmers against pests, disease, and unexpected climatic conditions. In
the highly variable environments of Asia, Africa, and Latin America, crop genetic
diversity can help small-scale farmers obtain higher yields than they could with mono-
cropping. Higher yields are obtained from a mixture of crops and crop varieties, each
one specifically adapted to the microenvironment in which it grows. Genetic diversity
also provides farming communities with a range of products with multiple uses and
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value. Some varieties of a particular crop may be good for immediate consumption, for
example, while others are better for long-term storage.

The mixed farm of the smallholder can be an almost closed system, making little
impact on the outside world: crop residues are fed to livestock or incorporated in the
soil; manure is returned to the land in amounts that can be absorbed and used;
legumes fix nitrogen; trees and hedges bind the soil and provide valuable fodder and
fuel wood and habitats for predators of pests. The components of the farm are thus
complementary in their functions, with little distinction between products and by-
products. Both flow from one component to another, only passing off the farm when
the household decides they should be marketed. It is also important to keep in mind
that, in some circumstances, modern agriculture undermines food security and
health by putting the rural poor at a disadvantage, threatening their land tenure, and
degrading basic resource such as water and soil.

Small Farms with Irrigation — A Miraculous Combination

The most productive lands outside small farms in deltas are small farms with irriga-
tion. The volume of food produced in poor countries is miraculous. From regions
destined for mass starvation, huge increases in population have been exceeded by
greater increases in food production. Today the two most populous countries in the
world are food exporters. Smallholder initiative has filled the gap. For an example
that relates to irrigation in Asia where 70% of the world’s 277 Mha or irrigated land
covers 34% of Asia’s arable land, that produces 60% of its food grains, mostly from
small farms. Smallholders have found ways of complementing or even bypassing
state-built irrigation schemes. They have done this, for example, by innovatively
pumping from aquifers and rivers and building on-farm storages. Such measures
supply a significant amount of irrigation water for small farms across large areas of
South, East, Central, and Southeast Asia. It is clearly impossible to support creation
of centrally designed irrigation schemes that ignore the specific water needs of
smallholders. The same smallholders who have been innovative in accessing water
have increased crop yields at the same time. Of course unregulated groundwater
pumping has led in places to massive drawdown and resource depletion. The practi-
cal response is not to ban pumping but to look to the priorities expressed by the
smallholders’ decisions, which in this case would suggest that past water delivery
schemes have met neither the scheme’s nor the smallholders’ objectives. Practical,
smallholder-focused policy would be integrated with development of further irriga-
tion potential. Potential still exists, despite conservative reports to the contrary. The
two major food producers, India and China, provide examples. India claims it has
potential of 113 million irrigable hectares compared to its current total of 57, while
China’s 58 million irrigable hectares is said to be expandable to 64. Even in
Southeast Asia, the current 17 million irrigable hectares could potentially be
expanded to 44 Mha. Expansion of irrigation in many areas is only possible by
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increased water use efficiency, an approach taken by China’s development in its
water-saving technologies in parallel with institutional innovations and the spread
of water user associations (Xu et al. 2014). Water use efficiency has been essential
to success everywhere, and this has been driven by research on agronomy and more
investment in infrastructure (roads in particular). Adaptive research that might show
how advances in science and technology (including climate-smart agriculture)
might benefit smallholders is poorly funded.

Between 1980 and 2004 in China, there was a 25% rise in irrigated area. This
occurred without a significant increase in water requirements: irrigated area
increased by 5.4 Mha and food production by some 20 million tons, thereby allow-
ing 200 million more people to become food secure. It is from such practical experi-
ence that other countries will develop their food security, using their smallholder
production bases. Indonesia in its Water Resources Law acknowledges water rights
for small-scale agriculture. The Law says “regardless of the financial questions,
there is strong case for protecting the water rights of smallholders, particularly in
areas where development change is expected, to ensure that their interests are fully
recognized in any change process.”

Farmers of the Sea

Likewise, the small farmers’ cousins of the sea, small-scale artisanal fishers, have
millennia-old traditions to husband community fish resources. These are now sub-
ject to commercial encroachment, piracy, and pollution; such artisanal fishers and
their care of the basic resources are being lost, and a rear guard action is being
vainly fought to legislate protection of remaining marine breeding resources to
counter clearing of mangroves to make way for aquaculture (fish farms). Regulation
of dredging of waterways to allow larger ships to traverse and measures to reduce
turbidity of waters that comes from larger ship propellers, etc. need to be imple-
mented. The marine situation mimics that on the hinterland, with declines in small
fisher numbers and concomitant risks to future production. The capture production
of fish has been declining, with aquaculture making up the difference, which is
about half of all consumption with the same narrowing of diversity that character-
izes other farmed food production. The potential for technological development
remains high as the whole field has been neglected compared to land-based food
production. But the promotion of policy initiatives that are firm on resource and
small fisher protection within the overall staple food security policy as reflected in
strong regulations and determined policing are yet to formulated.

Beyond the delta, seas, and irrigated areas at the other end of the environmental
water regime are the 40% of the rural population in developing countries who live in
less favorable agricultural areas — mainly drylands (Squires and Ariapour 2018).
These dryland areas vary markedly and cover 41% of the earth’s land surface (about
6 billion ha) and support, according to FAO, about two billion people (Squires and
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Gaur 2019). In some cases, innovations allow profitable crop or livestock production.
Technologies and social systems that encourage improvements to smallholding sub-
sistence animal husbandry and crop agriculture in these regions are poorly represented
in research and development programs (Squires and Bryden 2019).

Food Security in Drylands Uunder Global Climate Change

Pastoral production systems are the mainstay of livelihoods in drylands. They are
found in climatic zones as different as deserts, dry plains, savannahs, steppes, tundra,
and high-altitude mountain ranges, but all have in common the exploitation of
ephemeral concentrations of resources (Behnke et al. 2011; Asner et al. (2004) esti-
mate that about 26 million km? of land in these biomes worldwide are under managed-
grazing systems, which is more than the combined areas of USA, China, and the
European Union. Rass (2006) estimates that there are about “120 million pastoral-
ists/agro-pastoralists worldwide,” 50 million of which are in sub-Saharan Africa,
31 million in West Asia and North Africa, 25 million in Central Asia, 10 million in
South Asia, and 5 million in Central and South America.

Besides using strategic mobility and livestock feeding selectivity, pastoralist
smallholders interface the instability of their operating conditions with a high degree
of diversity within the production system itself. A common strategy is keeping a
variety of livestock species with different feed requirements and providing different
products and functions to the household (e.g., small stock for covering small
expenses and large stock for milk production and annual sales).

Data recently published by the FAO indicate that human-edible protein from
livestock is produced much more efficiently in countries where the sector is domi-
nated by pastoralism, with protein input/output ratios between 1:4 and 1:21 in India,
Sudan, Mongolia, Ethiopia, and Kenya compared with those of intensive livestock
systems where the ratios are well below or around 1:1 in Saudi Arabia, USA,
Germany, China, the Netherlands, and Brazil. This also highlights the comparative
advantage for livestock production in pastoral systems over intensive systems with
regard to the dependence on fossil fuels (as pastoralism is a low-carbon production
system) and the limited use of cultivated fodder or competition with food crops
(Steinfeld et al. 2010).

Climate change is a global phenomenon, but the impacts of related food crises
are expected to be greater in Asia, particularly in the context of the region’s indus-
trial structure, population structure, and food culture. Climate change directly
impacts agro-ecosystems that are at the heart of efforts to ensure food security
(Figs. 5.10 and 5.11).

Postharvest losses (see Box 5.1 and 5.2) must be minimized. In the long term, it
will be necessary to actively and proactively respond to future food crises at the
national and international levels. It is necessary to address food security in its broad-
est sense and integrate it in the development of agriculture worldwide. “Climate-
smart agriculture” can be built up by improving technology and management
systems to achieve global food security (Wheeler and Braun 2013).
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Food Production Under Conditions of Environmental
Instability

Livestock provides more food security than growing crops in many arid and semi-
arid areas. Comparing nutritional status of children from nomadic and sedentary
population groups in Mali, Pedersen and Benjaminsen (2008) conclude that farming
appears to be a poorer adaptation than nomadic pastoralism in arid environments
such as the northern Sahel. Mobile pastoral systems in both West and East Africa
were found to perform better than sedentary systems under the same conditions.
Sulieman and Young (2019) found that “in almost every production parameter, the
performance of the former is superior to that of the latter.” In Niger, nomadism was
found to increase productivity by 27% compared with sedentary livestock systems
and by 10% compared with transhumant systems.

One of the most critical analyses of the environmental impact of the livestock
sector — ‘Livestock’s Long Shadow — found that “If properly managed, nomadic
pastoral livestock production is potentially the most environmentally compati-
ble agricultural activity in this ecosystem [drylands]” (Steinfeld et al. 2006,
p. 260).

Increasing the productivity and resilience of smallholder farming systems is a
huge challenge that will require significant and sustained technical, financial, and
political support and action at both the national and local levels. However, a handful
of low-cost and local approaches — such as revitalizing farmer extension services,
implementing small-scale local infrastructure projects with farmers, strengthening
informal safety nets, and safeguarding natural ecosystems — could go a long way
toward beginning to address this critical challenge and improving the livelihoods of
smallholder farmers

A priority for policymakers is to safeguard the natural ecosystems that small-
holder farmers use as safety nets. Forests, wetlands, rivers, and other natural
areas provide critical ecosystem services to smallholder farmers, including the
provision of firewood and charcoal, water, wild foods, and materials for house
construction, among others. These services are important year-round but particu-
larly following catastrophic events when farmers turn to the forests for food and
materials to rebuild their damaged homes. Efforts that conserve, restore, or sus-
tainably manage these natural ecosystems are therefore crucial for sustaining
farmer livelihoods.

Particular attention must be paid to raising agricultural productivity, as this could
make a significant difference in food insecurity and poverty levels, both by increas-
ing the total food availability to households and improving household income gen-
eration (Sanchez and Swaminathan 2005). Agricultural growth has been shown to
be 2.2 times as effective at reducing poverty as growth in nonagricultural sectors
indicating the critical role that improving agricultural productivity should play in
development strategies.
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Women and Food Security

Women play a major role in agriculture and food security and thus need to be equal
partners in dealing with the challenges of climate change. Women are involved in
food production as farm managers and laborers, they earn income that helps their
families grow and (sometimes) purchase food, and they are largely responsible for
preparing food within the household. In developing countries, on average women
make up more than 40% of the agricultural workforce, ranging from 20% in Latin
America to 50% in parts of Asia and Africa. Yet there is a substantial gender gap in
access to agricultural inputs, with serious implications for agricultural productivity
(Elham 2019). There are limited systematic gender-disaggregated data on land own-
ership, but the few studies that exist point to large gaps in land holdings, with
women owning as little as 5% of agricultural land in West Asia and North Africa. In
West Asia and North Africa, less than 5% of agricultural land holders are women; in
sub-Saharan Africa, women hold approximately 15% of agricultural land. A recent
study in the state of Karnataka in India found that women held 9% of the land.

For female-headed households that do own land, plots are usually smaller than
those of male-headed households on average. Women also own fewer livestock and
have inferior access to productive inputs and services, including credit, technology,
equipment, extension services, fertilizers, water, and agricultural labor. These con-
straints as well as others directly affect women’s farm productivity. According to the
FAO, by addressing the gender gap in agriculture, developing countries could expe-
rience gains in GDP of 2.5-4% with an associated decline of 12—17% in undernour-
ished people. These inequities must be taken into account, and efforts to adapt to
climate change must address them to take full advantage of the contributions women
can make. Women have varying roles in food systems in different parts of the world.
Effective planning for adaptation should anticipate the consequences on gender-
specific workloads and effects on existing inequalities between men and women
both within households and communities. Institutional and social changes are often
essential elements of adaptation.

Although farmers use a variety of risk-coping strategies, these may be insuffi-
cient to prevent them from remaining food insecure. Few farmers have adjusted
their farming strategies in response to climate change, owing to limited resources
and capacity. At the same time, smallholder farmers have myriad adaptive capaci-
ties, including knowledge, networks, and management practices that have long
enabled smallholder systems to cope with both environmental and socioeconomic
change under a changing climate. It is likely that these adaptive capacities will man-
ifest differently from adaptive capacities employed in other farming systems.

Smallholders face many barriers to adaptation, including limited economic and
financial resources, lack of access to usable information, unavailability of appropri-
ate technologies for different users, credit constraints, lower socioeconomic and
educational status of users, and limited access to social networks (96—100). These
constraints can lead smallholders to have lower levels of risk tolerance compared to
other farmers, which also influences adoption of new ideas technologies, etc.
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Summing Up

Many of the rural poor are subsistence farmers or landless people seeking to sell
their labor. They depend on agriculture for their earnings, either directly, as produc-
ers or hired workers, or indirectly, in sectors that derive from farming. For example,
trading, transportation, and processing involve large numbers of small entrepre-
neurs and are necessary for agriculture, but, at the same time, such entrepreneurs
depend on farming activities for their survival. Food-insecure people neither consis-
tently produce enough food for themselves nor have the purchasing power to buy
food from other producers. During times of famine, food may simply not be avail-
able at any price. Fortunately, few places experience famine, but many suffer from
food insecurity. In the developing countries, 70-75% of the poor and hungry live in
rural areas. Farming is, therefore, at the heart of their livelihood strategies. The
International Fund for Agricultural Development (IFAD 2001) and the new World
Bank Rural Development Strategy (FAO 2002: 8) have reiterated the importance of
farming as worsening standards of living in rural areas drive desperate people to the
cities, thereby exacerbating urban poverty and a further decline of agriculture and
the rural sector.

Smallholders are here to stay for the foreseeable future. Not only that, they are
essential as a key to the best possible scenario of providing basic food for reason-
ably healthy survival of the majority of the world’s poor, including two billion of
themselves.
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Chapter 6
Climate Change and Food Security
in the Bamenda Highlands of Cameroon

Suiven John Paul Tume, Chiamba Charity Zetem, Sama Marcel Nulah,
Ateh Eugene Ndzifoin, Bailack Kevin Mbuh, Suika Rita Nyuyfoni,
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Introduction

Climate variability and change is a socio-ecological system which cannot be under-
stood and evaluated by relying on physical sciences alone because its effects trickle
down to the lowest level of society, particularly in rural communities (Tume and
Tanyanyiwa 2018). This stems from the fact that rural communities rely on climate-
sensitive sectors that include agriculture and other primary activities for their liveli-
hoods. Climate variability and change has exacerbated food supply issues by
impacting adversely on crop production, food security, and availability as well as
crop distribution (Ericksen et al. 2010). With the shifting precipitation patterns and
the rise of land and ocean surface temperatures by 0.65-1.06 °C between 1880 and
2012 (IPCC 2013), there has been a decrease in crop yields exacerbated by the shift-
ing precipitation patterns and decreased crop yields that are expected with climate
change which has pushed many developing countries to become increasingly depen-
dent on food imports. At the same time, pressure to cultivate marginal land or use
unsustainable cultivation practices may lead to increased land degradation
(Biermann et al. 2016). Food and resource scarcity is particularly problematic in the
developing world, which is heavily reliant upon local resources for day-to-day sur-
vival (Newbold 2010; Weeks 2008). Climate change could further jeopardize food
crops and security as precipitation patterns shift and temperatures increase (Collier
et al. 2008). On its own, climate change is estimated to increase the number of mal-
nourished between 40 and 170 million globally. Even slight increases in tempera-
ture are expected to reduce crop yields, particularly in tropical latitudes, including
sub-Saharan Africa (SSA) (Hasan et al. 2017).
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Extreme weather events such as droughts in some of the agroecological domain
and floods in others are the main triggers of agrarian vulnerability in the sub-Saharan
Africa (Mathews et al. 2014; Kinuthia et al. 2018). Unlike flooding, drought is a
recurrent phenomenon in all the microclimatic environments though its onset is
slow and imperceptible. There is an established consensus that climate is changing
and impacting more negatively than positively on agricultural livelihood systems
(Tume and Fogwe 2018). Frequent irregular onset of the rains complicates practices
and the sustainability of such rain-fed agriculture in the Bamenda Highlands. Since
the full implications of climate change for development are currently not clearly
understood, the poor often cannot adopt diversification as an adaptive strategy
because they have limited diversification options.

Agriculture contributes about 70% of the GDP of some sub-Saharan African
(SSA) economies (Campbell et al. 2011). Climate variability is projected to reduce
yields from rain-fed agriculture by up to 50% by 2020 in Africa (Campbell et al.
2011). Rain-fed lands account for more than 80% of global crop area and 60% of
global food output but are especially susceptible to the impacts of climate change.
In Cameroon, agriculture directly employs about 80% of the work force and more
than 90% on some rural areas of the Bamenda Highlands of Cameroon (Tume and
Fogwe 2018).

Study Area and Methods

The Bamenda Highlands is part of the Cameroon volcanic line (CVL) that is a
mountainous landscape rising as high as Mount Oku (3011masl) cut across by a
series of plains and extensive valleys (Fig. 6.1).

The geology of this highland is volcanic which acts as aquifers that directly
determine the water supply to one of three agrarian production basins (Tume et al.
2018). The area has two seasons being the wet season from mid-March/April to
October and the dry season from November to mid-March. This highland has micro-
climatic zones: cold, cloudy, and misty zone; cool misty zone; dominantly warm
and wet climatic conditions; and variable conditions dominated by hot, wet, and
sunny conditions. This microclimatic zonation aligns with the topography to consti-
tute a blend of micro agroecological basins where climate change (long term) and
variability (inter-annual, intra-annual) are major environmental challenges con-
fronting crop production systems. These systems are part of the larger three agro-
domains of the Bamenda Highlands which are:

* The low-altitude agroecological domain of less than 800 masl that extends on
parts of Mezam, Donga Mantung, Bui, Boyo, Menchum, and Momo. The spe-
cific farming localities are Bafut, Ako, Nwa, Nvem, Belo, Njinikom, Menchum
Valley, Fundong, Ngie, Njikwa, Widikum, and Batibo. The dominant fruits in
these localities that are remarkably affected by climate change and vulnerabili-
ties yet are fundamental to farmers’ livelihoods are citrus, avocado, mango, pine-
apple, plum, guava, pawpaw, banana, and oil palm.
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Fig. 6.1 Location of the Bamenda Highlands

e The mid-altitude agroecological domain lies between 800 and 1400 masl and
extends on parts of Mezam, Ngoketunjia, Donga Mantung, Bui, Boyo, Menchum,
and Momo. The specific farming localities are Tubah, Bafut, Bali, Bamenda
Central, Babessi, Ndop, Balikumbat, Mbengwi, Batibo, Njikwa, Wum, Fungom,
Fundong, Belo, Njinikom, Bum, Noni, Mbiame, Kumbo, Jakiri, Mesaje, and
Nwa.

* The high-altitude agroecological domain above 1400 masl that extends on parts
of Mezam, Donga Mantung, Bui, Boyo, and Momo. The specific farming locali-
ties are Santa, Batibo, Fundong, Belo, Njinikom, Oku, Noni, Kumbo, Nkambe,
and Ndu.

In order to assess the effects of climate variability and change on food security, the
rainfall parameter was considered for investigating climate variability and change.
Rainfall data was collected from ten stations spread all over the Bamenda Highlands,
namely, Ndu (62 years), Jakiri (58 years), Tubah (18 years), MbawNso (43 years),
Takui (20 years), Santa (38 years), Bamenda (55 years), Ndop (29 years), Oku
(33 years), and Belo (30 years). Rainfall data was treated using rainfall anomaly
index (RAI). RAI, designed by van Rooy (1965), considers the rank of the precipita-
tion values to calculate positive and negative precipitation anomalies. RAI positive
and negative were calculated using the following equations:

RF-M .. .
RAI = +3———FF_(Positive anomalies)

10~ Yrr
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RF-M
RAI = -3——£ (Negative anomalies)
MLIO -M RF

where:

RAI = the rainfall anomaly index

RF = the rainfall for the year in question

My = the mean actual annual rainfall for the total length of the period

MH,, and ML,, = the mean of ten highest and lowest values of rainfall (RF), respec-
tively, of the period

RAI-normalized precipitation values are based on weather history at a particular
location. The only input parameter is precipitation. It reflects droughts that impact
agriculture, water resources, and other sectors. RAI is flexible in that it can be ana-
lyzed at various time scales (World Meteorological Organization-WMO 2016). It is
easy to calculate, with a single input (precipitation) that can be analyzed on a
monthly, seasonal, and annual time scales. For this study, the annual time scale is
used. RAI classification ranges from >3.0 (extremely wet) to < -3.00 (extremely
dry) (Table 6.1). RAI is dimensionless.

These extreme conditions are not favorable for rain-fed tropical crop production
because extreme wetness is associated with flooding that destroys agricultural land
while extreme dry conditions are associated with severe water deficits that cannot
support agricultural production. Positive anomalies have their values above the
average, and negative anomalies have their values below the average. Trend lines
were fitted on the anomaly graphs to show changes in climate.

Food crop data were collected for maize, solanum potato, and beans for Oku
(1982-2018) and Ndu (2000-2018). Rice production data were collected for Obang
(1983-2018) and Ndop (1977-2018). These datasets were treated in anomaly form
to show positive and negative changes with respect to variable climatic conditions.
Food crop data was complemented by 597 household questionnaires administered
throughout the three agroecological zones that make up the Bamenda Highlands to
capture farmers’ perceptions of changes in crop output with respect to climate vari-
ability and change.

Table 6.1 RAI classification RAI range Class description
>3.0 Extremely wet
2.00 to 2.99 Very wet
1.00 to 1.99 Moderately wet
0.50 to 0.99 Slightly wet
0.49 to —49 Near normal
—0.50t0 -0.99 | Slightly dry
-1.00 to -1.99 | Moderately dry
-2.00 to -2.99 | Very dry
<-3.00 Extremely dry

Source: van Rooy 1965
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Results and Discussions

Climate Variability and Change in the Bamenda Highlands

Climate variability and change is a global challenge facing socioeconomic systems,
health, livelihoods, and food and water security. Climate variability has significant
impacts on agrarian systems, especially in developing countries, which are domi-
nantly rain-fed production systems (Tume and Fogwe 2018). Several indices are
used to assess climate variability, especially in the tropical agrarian systems, such
that the increasing trend of RAI implies a decreasing rainfall. This index was ana-
lyzed for ten stations across the Bamenda Highlands. Eight of the stations (Ndu,
Tubah, MbawNso, Santa, Bamenda, Ndop, Oku, and Belo) have an increasing RAI
(Figs. 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8 and 6.9), while Jakiri has a relative constant
RALI (Fig. 6.10), and that of Takui is decreasing (Fig. 6.11). A decreasing trend in
RALI shows that rainfall is still reliable at this highland area.
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Fig. 6.2 Rainfall anomaly index for Ndu (1957-2018)
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Fig. 6.3 Rainfall anomaly index for Tubah (2000-2017)
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Fig. 6.4 Rainfall anomaly index for MbawNso (1975-2018)
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Fig. 6.5 Rainfall anomaly index for Santa (1981-2018)
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Fig. 6.6 Rainfall anomaly index for Bamenda (1963-2017)
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Fig. 6.10 Rainfall anomaly index for Jakiri (1961-2018)
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Fig. 6.11 Rainfall anomaly index for Takui (1997-2016)

In Ndu, which is located in the highland agroecological zone, the RAI ranges
from -0.37 (near normal) to 1.07 (moderately wet conditions). The trend has been
increasing.

In Tubah, located in the mid-latitude agroecological zone, RAI ranges from -0.17
to 0.38. These are near-normal conditions. Despite near-normal conditions, the
trend has been increasing.

MbawNso, located in a lowland agroecological belt, has RAI values of -0.25
(near normal) to 0.54 (slightly wet). The trend has been increasing.

The Santa agrarian basin is located in the highland ecological belt. It has RAI
values ranging from -0.27 (slightly dry) to 0.40 (near normal). The trend has been
increasing.

Bamenda, located in the mid-latitude ecological belt, has RAI value of -0.37
(slightly dry) to moderately wet conditions. The trend has been increasing.

The Ndop plain is located in the lowland ecological zone, with RAI values rang-
ing from -0.49 (slightly dry) to 1.34 (moderately wet). The trend has been increasing.

The highest altitude in the Bamenda Highlands is located in the Mount Oku
region (~3011 masl). RAI values here range from -0.29 near normal) to 0.63
(slightly wet). The trend has been increasing.

Belo is a highland ecological zone with RAI values ranging from 0.40 (near
normal) to 0.7 (slightly wet). The trend has been increasing.
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Jakiri has varied topography with lowland, mid-altitude, and highland ecological
conditions. The RAI values range from -0.41 (near normal) to 1.69 (moderately
wet). The trend is near constant, with an increasing tendency.

Takui is one of the highland ecological zones of the Bamenda Highlands at an
altitude of about 2800 masl. RAI values here range from -0.28 (near normal) to 0.82
(slightly wet). This is the only station with a decreasing trend.

All the stations located at high-altitude ecological zones have near-normal to
slightly wet conditions, while mid-altitude zones have slightly dry to moderately wet
condition. Lowland ecological zones on the other hand have slightly dry to moderately
wet conditions. It is worth noting that extreme dryness and wetness are rare in the
Bamenda Highlands. With the changing climatic conditions, RAI trends are increas-
ing, suggesting that rainfall is gradually reducing across all the ecological zones.

Emerging Food Insecurity in the Bamenda Highlands

Agricultural production in the Bamenda Highlands is rain-fed. The Bamenda
Highlands is ecologically diverse with a variety of food and cash crops (Fig. 6.12).
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Fig. 6.12 Spatial distribution of crops in the Bamenda Highlands (Source: Fieldwork 2019)
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The main food crops are solanum potato, beans, and maize, while cash crops are
rice, groundnuts, palm oil, cassava, and market gardening crops. Maize, solanum
potato, and beans have been reducing in Oku and Ndu, where considerable data was
available (Figs. 6.13 and 6.14).

Maize yields dropped drastically during the 1982-1983 and the 1997-1998
droughts because rainfall was insufficient for successive growth during its vegetative
growth period and the crops were bound to fail. This was the same with beans where
during its pod formation period, there was not moisture sufficient to facilitate growth.
Most of the bean plants were affected by the dwarf virus that is associated with high
temperature. The potato plants all were wilted because of excessive evapotranspira-
tion with no inadequate rains. Moreover, potatoes during their tuber enlargement
need alternating sunshine and rainfall, but these years were characterized by less
rainfall, so the tubers could not form properly. Again, 2002—2003 and 2007-2008 are
all El Nino years. Besides, the heavy rains noticed during these years; they were
accompanied by frequent wind storms and hail storms that destroyed bean flowers
and leaves of crops during their pod formation season. The 2003, 2004, 2007, and
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Fig. 6.13 Trends in crop output for Oku (1982-2018)
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Fig. 6.14 Trends in crop output for Ndu (2000-2018)
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2008 episodes are reflected in their harvest. These years corresponded with good
yield from maize, but beans and potatoes, which are very sensitive to intense rainfall,
experienced a reduction. A potato plant, for example, under high moisture content, is
liable to late blight. Bean plants under such conditions are affected by aphids in the
field. The 2007-2008 rains were so heavy up to periods of harvest that storage was
difficult and most beans on the high-altitude areas rotted, thereby reducing yields.

Climate variability and change has already impacted and will further impact the
agriculture sector and food production. Sensitivity to climate as well as several to
other driving forces, especially from the economic and societal domains, will deter-
mine the future evolution of the sector. But climate influence must be considered as a
first-order factor in the context of the enormous challenge of providing food for about
8-9 billion people by 2100 compared to the current 7.2 billion today (Zilberman
2018). Assessments of climate influence on crop functionality should consider stimu-
lation of photosynthesis by the elevation of CO, atmospheric concentration. The
direct influence of climate variations on crop function evidently involves temperature,
the effects of which may be quite variable. Higher temperatures are generally favor-
able for growth in cold climates (except in extreme events) and generally unfavorable
for warm areas. Further warming has increasingly negative impacts in all regions.

On the other hand, rainfall variability seriously modulates the potential changes
in plant growth resulting from the effects of increasing temperatures. Tendencies
toward drier conditions in some areas such as the West and Southern Africa may
cancel, at least partially, the positive potential impact due to higher CO, or milder
temperatures. Such combined climate influence leads to a variety of contrasted
effects on crop production, depending upon the type, the geographical zone, and the
level of adaptation. Farmers’ perceptions were recorded on changing crop patterns
(Table 6.2), with decreasing trends in food and cash crops.

Table 6.2 Perception of changes in crops output

Increase Decrease No change
Crops Freq. % Freq. % Freq. % % Change
Maize 351 58.8 218 36.5 28 4.7 223
Solanum potato 91 15.2 415 69.5 91 15.2 -21.3
Beans 311 52.1 235 39.4 51 8.5 15.6
Groundnuts 173 39 196 32.8 228 38.2 2.5
Cassava 138 23.1 256 42.9 203 34 -13.4
Cocoyams 163 27.3 312 52.3 122 20.4 -9.2
Yam 103 17.3 123 39.2 260 43.6 -19.2
Tomatoes 254 42.5 116 19.4 227 38 6
Onion 150 25.1 188 31.5 259 434 -11.4
Soybeans 103 17.3 320 53.6 174 29.1 -19.2
Rice 95 15.9 320 53.6 182 30.5 -20.6
Vegetables 323 54.1 148 24.8 126 21.1 17.6

Source: Fieldwork, February 2019
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Solanum potato and coffee have the most perceived negative changes of -21.3%
and -20.6%. Other crops with perceived negative changes are cassava (-13.4%), cocoy-
ams (-9.2%), yam (-19.2%), onion (-11.4%), and soybeans (-19.2%) (Fig. 6.15).

These negative changes are attributed to changing climatic and environmental
conditions. Crops are often attacked by blight and other pathogens during the tender
growth stages, leading to plant mortality. Since the growing season of 2016, solanum
potato has been devastated by blight. Irregular onset of rainfall has also negatively
influenced coffee production. A strange disease has been devastating cocoyams since
2005. To have a clearer picture of perceived changes, crops have been grouped into
food crops and cash crops. Farmers perceived that maize production is increasing.
Solanum potato has been decreasing, while beans and vegetables have been increas-
ing. Despite the increases in beans and vegetables, the cumulative trend of food crops
is negative, with a coefficient of determination (R?) of 0.0135 (1.35%). Cash crops
on the other hand have been oscillating because of economic and environmental
condition. Groundnuts have a positive change of +2.5%.

Cassava, cocoyam, rice, and soybeans have been decreasing because of their
extreme susceptibility to climate variability and change. With no negative changes in
vegetables, groundnuts, and onion, the cumulative perceived trend of cash crops has
an insignificant positive R? of only 0.0002 (0.02%). These perceived variations in
crop output have a direct link with temperature. The globally projected temperature
increase by 1.4-5.8 °C, over the period 1990-2100 (Collier et al. 2008), will result in
large changes in the frequency of extreme events which can have severe impacts on
agriculture (Mathews et al. 2014). Increases in surface temperatures will increase
soil temperatures which will in turn affect plant metabolism through the degradation
of plant enzymes, limiting photosynthesis and affecting plant growth and yields
(Campbell et al. 2011). Increases in soil temperature will increase potential evapo-
transpiration which causes damage especially to those crops with surface root sys-
tems which utilize mostly precipitation moisture (Collier et al. 2008). It increases
leaf surface temperatures, hence affecting crop metabolism and yields making crops
more sensitive to moisture stress conditions. Such crops include groundnuts, soy-
beans, maize, and fruit trees (Agba et al. 2017). Blanc (2012) revealed that crop yield
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changes in 2100 will be near zero for cassava, -19% to +6% for maize, -38% to -13%
for millet, and -47% to -7% for sorghum under alternative climate change scenarios
in sub-Saharan Africa.

The basic food stuffs on which people rely on daily have been declining in the
Bamenda Highlands because food crop production systems are rain-fed. When there
is hydrological, meteorological, or agricultural drought, threats to food security and
crop failure will be evident. In Mbiame, the trend has taken a nose dive, and the
climate continues to be very uncertain. This has to do with the timing of the onset
of first rains and prevailing mild drought conditions throughout the growing season
(Fig. 6.16).

The positive anomaly for solanum potato in Mbiame is because the dataset was
documented prior to the great blight of 2016. Soybeans, groundnuts, rice, cocoy-
ams, plantains, and onion have been decreasing in Mbiame. The general trend for
crop production here has been negative, with a R? of 0.6654 (66.54%). This is an
indicator of food insecurity. In the same vein, food crop production has been
responding to climate variability, among other factors in Oku. Rice output has
also been affected by variable climatic conditions. In Obang (Menchum Valley),
the output is still slightly increasing (Fig. 6.17), while there has been a steep nose
dive in the main production basin in Ndop (Fig. 6.18).
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Fig. 6.16 Food crop production trend, Mbiame Sub-division (2006-2012). (Data source: Mbiame
Council Development Plan, 2012)
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Fig. 6.18 Trend in rice output for Ndop (1977-2017)
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Fig. 6.19 The impact of climate change on food security dimensions in the Bamenda Highlands
of Cameroon

The 1996 World Food Summit adopted the FAO definition of food security; thus,
food security exists when all people, at all times, have physical and economic access
to sufficient safe and nutritious food that meets their dietary needs and food prefer-
ences for an active and healthy life (Jafari and Jafari this volume). The definition
encompasses four dimensions:

e Availability of sufficient quantities of food of appropriate quality, supplied
through domestic production

e Access by individuals to adequate resources for acquiring appropriate foods for
a nutritious diet

 Utilization of food through adequate diet, clean water, sanitation, and health care
to reach a state of nutritional well-being where all physiological needs are met

 Stability in the availability of and access to food, regardless of sudden shocks (an
economic or climatic crisis) or cyclical events (seasonal food scarcity)

Climate variability and change is a threat to food availability, access, utilization,
and stability. Ecological conditions in the Bamenda Highlands are favorable for
diverse crops to be cultivated to meet the dietary needs of the population (Fig. 6.19).
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Modification of agroecological conditions limits output and food availability,
together with arable land degradation and a silent extinction of some food species
like cocoyam which is a staple food in Ngemba land in Mezam.

Food is in abundant in interior villages and scarce in urban and semi-urban areas
because of the poor state of farm-to-market roads to transport the produce. The poor
transportation network, accentuated by heavy rains in the rainy season, limits physi-
cal accessibility. The transportation of food from areas of production to areas of
consumption is interrupted. This leads to increase in food prices due to inadequate
food supply in areas of high demand. Urban and semi-urban households with low
income are the hardest hit because they cannot afford soaring prices. As such, food
insecurity may eventually emerge in some areas because the excess food cannot be
transported to areas of high demand. Again, extreme weather events such as recur-
rent floods and droughts increases food crop vulnerability to changing environmen-
tal conditions. Such physical shocks limit stability in crop output. This is not only in
the Bamenda Highlands but in developing countries in general because they face a
bleak future resulting from large-scale demographic, environmental, economic, and
societal stresses. The links between food supply and demand are complex, with food
supply affected by land and water, constraints, inadequate agrarian investments,
trade, weather, and inadequate access to fertilizers and irrigation (FAO 2016). Food
demand is affected by rising energy prices, population growth, globalization of food
markets, changing diets, and the use of cropland for biofuel production.

Farmers’ Adaptation Responses to Food Security Threats

The farmers most affected develop coping and adaptation strategies on crop produc-
tion. These response strategies are perceived and applied in the three agroecological
domains of the Bamenda Highlands. In the low-altitude domain, these are early
planting, replanting, crop diversification, and the use of short season crops. In the
mid-altitude domain, there is intensive use of organic manures, small-scale irrigation,
water harvesting structures, chemical fertilizers, and early planting of crops. In the
high-altitude domain, there is terracing, manure, fertilizer, agro-forestry, drought-
tolerant crops, and crop diversification. Generally, early planting, crop diversifica-
tion, increased use of manure and fertilizers, and the planting of crops with reduced
growing degree days (GDD) were highly used by 70% of the farmers as crop pro-
duction response strategies. The moderately adopted strategies here have been the
practice of analogue forestry to curb adverse conditions of climate variability and
change, the use of drought-tolerant crops, the implantation of water harvesting
structures, irrigation, and terracing, among others. Based on the level of develop-
ment and poor perception to climate change impact on food security, these adapta-
tion responses are still far-fetched in some communities as most farmers have not
fully adapted but are only resilient, a situation which has left behind footprints of
food insecurity. Farmers are gradually embracing non-farm activities to supplement
rural livelihoods such as petty trading and other climate smart activities like mush-
room cultivation, apiculture, and aquaculture.
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Farmers in the Bamenda Highlands are adapting to changing climatic conditions
that play key roles in their decision-making, considering there are still a number of
limitations to adaptation strategies. There is the urgency to mitigating greenhouse gas
emissions from subsistence agriculture and other primary activities. This study has
equally shown that there is a major improvement in knowledge and access to agricul-
tural information among farmers with improved but inadequate access to media in
the area through community radio stations (Tume et al. 2018). Households in some
agro-zones observe positive changes in their farming practices largely because of the
presence of some development NGOs such Green Care Association (GCA) in
Shisong, Kumbo, Strategic Humanitarian Services (SHUMAS) with a climate-smart
demonstration farm in Kumbo, and Rural Women Centre for Education and
Development (RuWCED) in Ndop. Despite the presence of such development
NGOs, agricultural productivity has continued to decline. There is, therefore, the
need for a national climate change response strategy that will be put in place as a
robust measure needed to address most, if not all, of the difficulties posed by climate
variability and change to food and water security.

Conclusion

The current agricultural extension should target disaster risk preparedness and man-
agement to increase food security. Government must also look at the development
of weather services for better and accurate weather information that farmers could
use in their decision-making. The possible synergy between traditional and modern
conception of climate change adaptation and mitigation could yield more benefit for
better use of meteorological information. Encouraging farmers’ education through
extension services accessibility or adult education could help farmers in the adop-
tion of new technologies and farming practices to deal with climate change effects
to ensure food security. Farmers’ adaptation response strategies should be improved
by ameliorating the conditions affecting adaptation strategies like poor perception
of changes in climatic patterns and receiving and documenting weather information,
land tenure systems, and household characteristics. Global climate change has an
adverse effect on agricultural production and will bring ever-increasing human pop-
ulation toward critical thresholds in many regions. Areas currently suffering from
food insecurity are expected to experience disproportionately negative effects. To
reduce the effect of climate change on food supplies, livelihoods, and economies,
incentivizing greatly increased adaptive capacity in agriculture both to long-term
climatic trends and to increasing variability in weather patterns is an urgent priority.
This should be in line with Sustainable Goal 2 (SDG?2) which aims to end hunger,
achieve food security and improved nutrition, and promote sustainable agriculture.
The target is to ensure sustainable food production systems and implement resilient
agricultural practices that increase productivity and production, maintain ecosys-
tems, strengthen capacity for adaptation to climate change, extreme weather,
drought, flooding, and other disasters and that progressively improve land and soil
quality by 2030.
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Chapter 7

Building Capacities for Agricultural
Disaster Risk Reduction in the Western
Balkan Countries: The Case of Female
Farmers in Serbia

Tamara van ‘t Wout, Anna Maria Augustyn, and Dragan Terzic

Introduction

The Western Balkan region is exposed to various natural hazards such as floods,
landslides, storms, droughts, forest fires and earthquakes. With the changing cli-
mate, the occurrence and intensity of these hazards are increasing significantly. The
adverse impacts on agricultural production and food security are clearly visible
through extensive damages to agricultural equipment and facilities and production
losses to the crop, livestock, forestry, fisheries and aquaculture subsectors. At the
same time, the severity of these impacts is, among others, linked to environmental
issues, e.g. the rapid dynamics in land use, land consolidation and abandonment,
which are undermining diverse and healthy ecosystems that are in turn less climate
resilient. Enhancing the policy and institutional capacities to adequately manage
disaster risks is thus crucial to effectively address these challenges.

It is anticipated that the frequency and severity of hydrometeorological and cli-
matological hazards, like floods, droughts, storms and changing seasonal patterns
due to climate change, will present major challenges. The climatic changes that
have already occurred have adversely impacted agricultural livelihood systems and
related food security and nutrition (FAO 2015b). Moreover, drivers like population
growth, rising incomes and urbanization will increase the demand for food and
expect to lead to changes in lifestyles and consumption patterns, such as an antici-
pated decrease in grains and other staple crops, while vegetables, fruits, meat, dairy
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and fish will increase. At the same time, natural resources, including land, water,
energy and biodiversity, are limited and in certain areas already degraded, which
may further undermine the sustainability of food and agricultural production sys-
tems as well as constrain poverty alleviation and sustainable development in the
coming decades (FAO 2009; Emadi 2019).

Smallholder farmers, herders, foresters and fishers, especially those in develop-
ing countries, are among the most vulnerable to natural hazards and climate
change, as agriculture is among the most climate-sensitive sector (Squires, Gaur
and Feng this volume). These people and their communities are often highly
dependent on the sector and its activities for their food and nutrition security,
income, livelihoods as well as overall well-being. It is estimated that the livelihoods
of approximately 2.5 billion small-scale producers rely on the sector and related
activities (FAO 2013). They manage over 80 percent of the world’s estimated
500 million small farms and provide over four-fifth of the food consumed in devel-
oping countries (IFAD and UNEP 2013). In addition, they are also the custodians
of these resources due to their role in food production as well as the management of
natural resources.

An increase in frequency and severity of natural hazards is expected to magnify
in the years to come (IPCC 2012). This means that floods and droughts will occur
more often and affect more harshly rural populations. In order to manage their
adverse impacts and improve preparedness, several concerted efforts have been thus
undertaken by a range of international and national bodies. Most notable in this
context, the Sendai Framework for Disaster Risk Reduction 2015-2030, provides
for an intergovernmental agreement, with an aim to reduce disaster risk including
economic, physical, social, cultural and environmental assets that belong to humans,
their businesses, communities and countries (UNISDR 2015). Moreover, in certain
geographic regions, such as the Western Balkan countries, additional provisions
come with the preparations for the EU accession, i.e. introducing the acquis com-
munautaire via enforcement of the EU Floods Directive (2007/60/EC) and related
directives concerning environmental matters, e.g. the assessment of the effects of
certain public and private projects on the environment (Environmental Impact
Assessment — EIA Directive 2011/92/EU) and the assessment of the effects of cer-
tain plans and programmes on the environment (Strategic Environmental
Assessment — SEA Directive 2001/42/EC) (European Parliament and the Council of
the European Union 2001, 2007, 2011).

These legal documents and agreements promote improvements of the setting in
which management of disaster risk is taking place. They are followed by the finan-
cial investments, stakeholder dialogues and a wide range of projects. They also
require strengthening capacities of actors involved in their implementation at all
administrative levels. In result, it is expected that a greater resilience could be
achieved, i.e. the improvement of the system’s ability, community or society exposed
to hazards to ‘resist, absorb, accommodate to and recover from the effects of hazard
in a timely and efficient manner, including the preservation and restoration of its
essential basic structures and functions’ (UNISDR 2009: 24; Alexander 2013).
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Objectives

The purpose of this study is to describe the overall context in which capacity build-
ing efforts for DRR are undertaken in the Western Balkan countries’ agriculture,
with special reference to Serbia. Our main rationale was to observe the changes that
have occurred in the approaches to DRR in the recent years, with a special focus on
the efforts for building capacities of the local communities. Our hypothesis was that
the current efforts are still insufficiently targeted to the needs of the farmers, and
their capacities to absorb the growing body of the DRR tools and management prac-
tices, notably those related with the emergence of the information and communica-
tions technologies (ICTs) and geospatial data, platforms and applications.

Methodology

In this study, we take a closer look at the various mechanisms which have been fostered
in the Western Balkan countries with regard to improving their capacities in managing
the disaster risk in the rural areas and the agricultural domain. While to date, most stud-
ies have been concerned with the capacity building of the administrative personnel and
relevant governing bodies or NGOs, our study has a unique focus on the capacities or
rural population and farmers in particular. The study included desk research combined
with primary data from a questionnaire that was administered to female farmers and
their communities in the rural areas of central and southern Serbia.

The study was conducted in the Fall of 2017 and reached out to 30 respondents
who participated in the survey. It was conducted with the community of farmers
who participated in the FAO regional disaster risk reduction (DRR) project imple-
mented in 2016-2017. The initiative aimed at enhancing the resilience of farming
communities to natural hazards, in particular floods, landslides and drought in the
Western Balkan countries. The questionnaire was developed and administered
among 30 female farmers in Serbia. The objective of this survey was to identify the
impacts of different types of natural hazards on agriculture as well as gaps and
needs for capacity building of female farmers to help to better plan and implement
risk reduction measures in the agriculture sector.

Our survey was targeted to female farmers aged 30-67, all of whom were mar-
ried, except one who was separated. The number of household members varied from
2 to 9, with an average of 4.2, of which only 11 and 9 of the 30 female farmers had
girls and boys up to 18 years, respectively, with an average of 1.27 girls and 1.11
boys. In total, 7 participants (23%) indicated that they had completed primary
school and 20 (67%) secondary school. Female farmers who participated in the
survey were from the cities in the central and southern parts of Serbia, namely,
KruSevac (villages: Bela Voda, Srnje, Vratarare, Jasika, Lazarica), Svrljig (Grbavce,
Radmirovac, Izvor, Prekonoga, Lalinac and Svrljig) and Kraljevo (Ratina).
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Some of the challenges in obtaining the data were related to, e.g. being able to
interview the female farmers due to their busy schedules as well as gender-related
issues, such as the decision-making power of the head of the household. Among
some of the limitations and constraints included the limited number of respondents,
which result in the findings providing only an insight into some of the issues, chal-
lenges and constraints with regard to capacity building, and access to and use of
information and data to help reduce the adverse impact of natural hazards, such as
droughts and floods, on agriculture in the central and southern part of Serbia. In this
regard, the results can be seen as a case study with general observations. It is not
valid for the entire region or country.

Disaster Risk Reduction

Disaster risk reduction is defined as ‘preventing new and reducing existing disaster
risk and managing residual risk, all of which contribute to strengthening resilience
and therefore to the achievement of sustainable development’ (UNISDR 2017).
Following the devastating impact of the Indian Ocean tsunami in December 2004,
the Second World Conference on Disaster Risk Reduction was held in Kobe in
January 2005, which resulted in the establishment of the Hyogo Framework for
Action (HFA) (2005-2015). The HFA aimed to reduce disaster risk and in particular
build the resilience of nations and communities to disasters.

Its successor, the Sendai Framework for Disaster Risk Reduction (SFDRR)
(2015-2030), was endorsed by the UN General Assembly following the 2015 Third
UN World Conference on Disaster Risk Reduction (WCDRR). It aims to achieve
‘the substantial reduction of disaster risk and losses in lives, livelihoods and health
and in the economic, physical, social, cultural and environmental assets of persons,
businesses, communities and countries’ (UNISDR 2015: 12).

The Sendai Framework has seven targets and four priorities for action aimed at
preventing new as well as reducing existing disaster risks. Among the four priorities
of action are (i) understanding disaster risk, (ii) strengthening disaster risk gover-
nance, (iii) investing in disaster risk reduction for resilience and (iv) enhancing
disaster preparedness for effective response and to ‘Build Back Better’ in recovery,
rehabilitation and reconstruction. The Framework establishes linkages with climate
change with regard to, e.g. the exacerbation of disasters as well as one of the under-
lying disaster risk drivers.

The SFDRR fosters collaboration of the actors involved in managing disaster
risks at all levels, with a special attention paid to strengthening capacities of the
local communities and reducing their vulnerability. Coupled with growing concerns
around the climate change and its increasing impacts on natural disasters, in this
context, it is worth to highlight the community-based initiatives (CBIs) as a popular
way to manage the responses at the local level (Allen 2006; Rojas Blanco 2006;
Forino et al. 2018).
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Disaster Risk Reduction in the Agriculture Sector

Agriculture is a highly climate-sensitive sector, and climate change will add another
challenge to ensure sufficient agricultural production, due to the expected increase
in the frequency and severity of extreme weather events, like floods, droughts and
storms, which may lead to further damages and losses to crops, livestock, forestry,
fisheries and aquaculture. Also, due to drivers such as population growth, rise in
incomes and changing consumption and lifestyle patterns, there will be an increase
in the demand for food, e.g. meat, dairy, fish, vegetables and fruits. At the same
time, natural resources, including land, water, energy and biodiversity, are limited
and in certain areas already degraded, which may further undermine the sustain-
ability of food and agricultural production systems as well as constrain poverty
alleviation and sustainable development in the coming decades (FAO 2009; Squires
et al. this volume).

Reducing disaster risks and adapting to climate change for agriculture may
include the application of on-farm practices. Technologies like conservation agri-
culture, agroforestry, using water more efficiently through drip irrigation systems
and rainwater harvesting (FAO 2013). The use of local and hazard-resilient crop,
livestock, fish and forestry varieties, such as drought-resistant or flood-tolerant vari-
eties and breeds, as well as ensuring genetic diversity to enhance the efficiency,
adaptability and resilience of production systems (Anya and Ayuk 2011; FAO,
2015a) can be beneficial. Moreover, it may also include reducing risks to natural
and managed ecosystems (e.g. deforestation, ecosystem-based adaptation, biodiver-
sity management, sustainable aquaculture, application of local and indigenous
knowledge), risks of sea level rise (e.g. coastal defence structures, including dams
and dikes but also mangroves, sustainable land use and planning).

Besides, it also includes interventions related to information systems to help to
better understand disaster risks (e.g. disaster risk assessments, the use of climate
and extreme weather information for farming decisions agriculture post-disaster
damage and loss databases to help assess DRR investments and interventions) and
early warning systems as well as shock-responsive risk transfer mechanisms (i.e.
social protection and insurance schemes) and enabling legal, policy and institutional
environment to support government planning, implementation, monitoring and
evaluation of interventions as part of building resilience to climate variability
and change.

For the agriculture sector, disaster risk reduction (DRR) and climate change
adaptation (CCA) are closely linked as farmers and agricultural communities have
for generations adapted on the basis of climate variability. There are many similari-
ties between DRR and CCA as both aim to reduce risks and vulnerabilities from
climate change and climate-related hazards. Although CCA focuses on hydromete-
orological and climatological hazards as well as changes to the average conditions,
DRR also focuses on all natural hazards, e.g. geophysical hazards. As a result, the
area that is overlapping is sometimes indicated as ‘climate risk management’ as
shown in Fig. 7.1.
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Fig. 7.1 Overlap between CCA and DRR (Source: Mitchell and Van Aalst 2008)

The importance of these linkages as well as the need for integration between
DRR and CCA was also highlighted in the 2005 Hyogo Framework for Action as
‘the integration of risk reduction associated with existing climate variability and
future climate change’ (UNISDR 2005: 11). Moreover, in the current Sendai
Framework for Disaster Risk Reduction 2015-2030, it is stated that ‘to incorporate
DRR measures into multilateral and bilateral development assistance programmes
within and across sectors, as appropriate, related to poverty reduction, sustainable
development, natural resource management, the environment, urban development
and adaptation to climate change’ (UNISDR 2015: 25). In addition, the support for
risk reduction actions, such as ‘early warning systems, emergency preparedness,
comprehensive risk assessment and management, risk insurance facilities, climate
risk pooling and other insurance solutions’ was included in the 2015 Paris Agreement
(United Nations 2015: 4) as well as in the 2030 Agenda for Sustainable Development
and its 17 Sustainable Development Goals. Various targets within the various Goals,
e.g. Goal 1 on No Poverty, Goal 2 on Zero Hunger, Goal 11 on Sustainable Cities
and Communities and Goal 13 on Climate Action, include targets related to DRR,
CCA and building resilience to climate variability and change.

As a result, some of the risk reduction measures available to help agricultural
producers reduce risks of climate-related hazards can also be used for adapting to
climate change and as such are not different for the agriculture sector. Signs of con-
vergence between DRR and CCA have been observed in, e.g. the agriculture and
water and sanitation sectors (Tearfund 2008; Mitchell et al. 2010; CDKN 2014). In
this regard, building resilience to climate-related hazards is a basis for both DRR
and CCA, with DRR focusing on enhancing existing capacity in order to anticipate,
resist, cope with and recover from the impact of hazards, while CCA is more con-

cerned with future risks, thus trying to, i.e. address uncertainty/new risks
(Tearfund 2008).
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Capacity Building

The concept of capacity building has been central to practice of many donors, orga-
nizations and institutions involved in the disaster risk reduction and management
(DRRM). While there is a lack of single definition, it is commonly narrated through
the associated principles, processes and outcomes such as ‘participation’, ‘empow-
erment’ or ‘helping people to help themselves’ and strengthening civil society orga-
nizations (Eade 1997). Building upon these conceptual frames, the efforts of
development agencies are thus oriented on strengthening the actors that are the end-
users of development interventions or have to deal with those directly.

In the recent decades, one of the main reasons behind the growing focus on
capacity building as a solution to existing challenges such as disasters is the ten-
dency to delegate the power from the central to local level (multilevel governance)
and the subsidiarity principle (Berger and Neuhaus 1977; Stephenson 2013).
Moreover, it has been the core imperative for transformation of the governing struc-
tures and a precondition of the EU accession in the aspiring countries (Bache 1998;
Bailey and de Propris 2004). In line with this, the complex EU acquis' needs to be
translated into the settings of interconnected institutions and actors that deliver the
services in a synergetic way.

Frequently, cascade approaches are promoted, where capacity building is offered
to the intermediary bodies which deliver further capacity building to other ones. In
addition, people-centredness, women empowerment, sustainability and resilience
are referred to in this context. An increased participation of citizens in governance
is expected to improve as a result of capacity building efforts (Cairns et al. 2005;
Cuthill and Fien 2005). Communication between the actors and learning processes
is also at the centre of those approaches. They build upon various streams of knowl-
edge, especially those from psychology and education (Lewin 1946; Freire 1970;
Pluskota 2014). Action research and learning are the goals and ways triggering the
positive transformational process towards (Fals-Borda 1984; Thompson and
Scoones 1994; Ison and Russell 2000; McCall and Peters-Guarin 2012; Kagawa
and Selby 2012).

In the context of agriculture, DRRM involves a wide range of tools and methods.
Specific attention is paid to building capacities of farmers and agricultural extension
services, which are in the frontline of communication with farmers and risk-prone
communities and experiential (or learning-by-doing) approaches (Altieri 2004; Van
der Wal et al. 2014). One of the most popular practices in the developing context is
the farmer field schools (FFS), through which the disaster risk reduction good prac-
tices and technologies for agriculture can be demonstrated, validated and upscaled.
This approach was developed by FAO and partners nearly 25 years ago in Southeast
Asia as an alternative to the prevailing top-down extension method (Feder et al.
2003; Van den Berg 2004; Tripp et al. 2005).

'Acquis is a French term meaning ‘that which has been agreed’.
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In a typical FFS, a group of 20-25 farmers meet once a week in a local field set-
ting and under the guidance of a trained facilitator. They use control plots where the
conventional practices are implemented as well as test plots to compare the differ-
ences in terms of, e.g. yields, income generation, ability to reduce the adverse
impacts of natural hazards, and ability to reduce/remove greenhouse gas emissions.
They experiment with and observe key elements of the agroecosystem, exchange
knowledge and information, discuss and plan.

The learning-by-doing approach promotes farm-based experimentation, group
organization and decision-making as farmers are able to see for themselves if the
practice works, which creates ownership that can lead to farmers replicating and
upscaling the practices in their own plots or convincing other farmers to do the
same. This is also encouraged through the organization of field day to show local
politicians, government agricultural workers and other farmers what they are doing.
Exchange visits with other FFS are also encouraged, and the season-long approach
helps build stronger social ties, also between farmers, extension workers and
researchers, that carry on after the initial FFS. Ideally, the same practices should be
tested and validated through, at least three seasons, to ensure that these are effective.
FFS can be a powerful methodology to facilitate change and adoption of different
practices and technologies. At the same time, it often leads to positive improve-
ments in the farming systems, such as increasing farm productivity (Godtland
et al. 2004).

Gender Inequality and Capacity Building

Women play a significant role in the agriculture sector. Approximately 43% of the
global agricultural labour force in developing countries are estimated to be female
(FAO, 2011a). Even though women’s contribution to the sector varies across and
within countries, in general, the labour burden of rural women exceeds that of men,
including a larger share of unpaid household tasks with regard to preparation of
food and collection of water and fuel (Elham 2019).

Women and men are affected by the same risks differently, but they also face
different types of risks, as a result of various factors, related to, e.g. economic vul-
nerabilities (i.e. differences in wages), culturally specific gendered norms (i.e. dif-
ferent household tasks), mobility constraints and language barriers. The economic
and social gender-specific vulnerabilities are often interlinked and may lead to
chronic poverty and higher vulnerability levels, especially to external shocks and
stresses, such as extreme weather events and climatic changes.

In many developing countries, women still own fewer assets (i.e. land, livestock)
than men as well as have limited access to inputs, such as seeds, fertilizer, labour
and finance as well as access to information, knowledge and capacity building train-
ings. Some of the various challenges and constraints related to this include often
higher illiteracy rates among women than men as well as limited access to informa-
tion that is disseminated using information and communications technologies
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(ICTs) as they are less likely to own a mobile phone or have access to a radio as well
as general lack of Internet facilities and access to Internet. This may also limit wom-
en’s ability to access early warnings as well as (i.e. seasonal, monthly) climate fore-
casts for agriculture. Women may be involved in other household-related
responsibilities and tasks when climate information is transmitted. It is highly
important that women have access to these early warning alerts and climate fore-
casts, as they have, particularly in developing countries, a substantial role in agricul-
tural production as well as family nutrition (World Bank n.d.; McOmber et al. 2013;
Oedoemelan 2016; IFLA 2017).

In this regard, also ensuring that women have access to agriculture-specific
knowledge and trainings on, e.g. resilient and sustainable agricultural practices and
technologies, is highly important, as in general they have very limited access to
extension services compared to men. It is estimated that globally women only
receive 5% of agricultural extension services (UNDP 2016). Extension services as
well as the promoted practices and technologies should also address women’s
needs. Farmer field schools (FFS) in Kenya, Uganda and Tanzania, where women
farmers participated, also focused on vegetable gardens and seed nurseries, posthar-
vest management and storages as well as integrated nutrition and health with agri-
culture. As a result, women were able to obtain valuable knowledge for contributing
to the household’s and communities’ food and nutrition security (ODI 2009;
FAO, 2011b).

Serbia’s Natural Hazards and Climate Change in Agriculture

Serbia is highly prone to natural hazards. According to the INFORM Risk Index of
2018,% the country is exposed to natural hazards, such as (flash and river) floods,
storms, drought, landslides and earthquakes, and biological hazards, like plant and
animal pests and diseases, which may lead to substantial damages and losses to
animals and people. As shown in Fig. 7.2, Serbia is among the most exposed and
vulnerable, although Bosnia and Herzegovina is ranked the highest among the
Western Balkan countries with regard to natural hazards and humanitarian crises
and disasters.

In Serbia, floods have occurred the most frequently during the 1990-2014 period,
followed by extreme temperatures and earthquakes as shown in Fig. 7.3. The valleys
with the larger water courses and where settlements, farmland, infrastructure and
industry are located are more prone to inundation, in particular in the Vojvodina
region as well as along the rivers of the Sava, Drina, Velika Morava, Juzna Morava
and Zapadna Morava. These floods in the major river basins are usually the result of

2This index measures the risk of humanitarian crises and disasters through 50 different indicators
for hazards and exposure, vulnerability and lack of coping capacity, among others. The index con-
sists of data and country profiles for 191 countries and is free and publicly available. For more
information, see http://www.inform-index.org/Countries/Country-Profile-Map.


http://www.inform-index.org/Countries/Country-Profile-Map

134 T. van ‘t Wout et al.

Adstria

HETE Py
19

e

Bosnia and
Herzegovina
3.7

Montenegrg Bulgaria

2.6
Macedonia
- FYR
B e e e + ¢ F sy Lok 2'7 ek

Very Low ®s low =8 Medium S8 High S8 Very Hig I 1 Motincluded in INFORM
Source: http://www.inform-index.org/

Fig. 7.2 INFORM Risk Index of 2018 for the Western Balkan region. (Source: http://www.
inform-index.org/)

W Earthquake
M Extreme Temperature
B Flood

Source: CRED EM-DAT, 2015

Fig. 7.3 Frequency in percentage by type of natural hazard in Serbia, 1990-2014. (Source: CRED
EM-DAT 2015)

longer periods of extensive rainfall and/or the intensive melting of snow, while flash
floods in the smaller river basins and generally due to short intensive rainfall as a
result of summer storms. Moreover, factors, like the lack or limited maintenance of
embankments and/or flood defences as well as debris and sediments blocking river,
drainage or diversion channels, contribute to the extent of inundation.

Past disasters have substantially impacted the agriculture sector, for instance, the
severe rainfall that occurred during the months of April and May 2014, which
resulted in the worst flooding in over a century and affected 24 municipalities. The
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total damages and losses to all sectors were estimated at EUR 1.5 billion, of which
15% or EUR 228 million was the impact to the agriculture sector. It was calculated
that EUR 107.9 million and EUR 120.1 million were estimated damages and losses,
respectively, to the sector. In terms of recovery and reconstruction needs to the sec-
tor, these were estimated at EUR 152.1 million, of which EUR 40.8 million for
recovery and EUR 111.4 million for reconstruction (UN/EU/World Bank
Group 2014).

The impacts of droughts on the sector is also significant. Especially the areas in
the eastern part of the country as well as in the Pannonian Basin in the north are
drought-prone. During the 1991-2010, 1992, 1993, 1998, 2000, 2003 and 2007
were years that were extremely dry (WMO/UNCCD/FAO and UNW-DPC 2013).
While 2 years later in 2009 and particularly between April and September, Sremska
Mitrovica towards the north-west as well as Central Serbia was affected by drought
(Duric¢in and Bodroza 2013). Again, during the Summer of 2012, a drought nega-
tively affected the sector with estimated losses to agricultural production of approx-
imately USD 2 billion, e.g. corn (USD 1 billion), sugar (USD 130 million), soybeans
(USD 117 million), fruits and vegetables (USD 100 million), sunflowers (USD
55 million) and other agricultural crops (USDA Foreign Agricultural Service 2012).

Climate change projections estimate the increase in frequency and intensity of
natural hazards, such as floods and droughts, as well as in terms of scope and dura-
tion (IPCC 2012). In addition, it is anticipated that there will be increased exposure
to multiple and compound climate-related risks between 1.5 °C and 2 °C of global
warming, and these risks are likely to impact, e.g. food security, livelihoods, water
supply, health, human security and economic growth (IPCC 2018).

In Serbia, during the 1960-2012 period, a rise in the daily mean temperature has
been observed, as well as in the daily minimum and maximum temperatures with an
estimated average rise of 0.3 °C annually and per decade. In addition, eight out of
ten hottest years ever were reported after 2000. In general, an increase in precipita-
tion has also been observed, although with different distribution intensities during
the year. This included an increased number of heavy rainfall events, although the
total annual precipitation was relatively small (Ministry of Environmental
Protection 2017).

It is anticipated that climate change will result in a rise in temperature by
0.5-0.9 °C and 1.8-2.0 °C, respectively, under A1B scenario for 2011-2040 and
2041-2070. While under the A2 scenario, the expected temperature will increase by
0.3-0.7 °C in 2011-2040 and 1.6-2.0 °C in 2041-2070. Towards the end of the
century (2071-2100), the predicted rise is 3.2-3.6 °C under the A1B scenario and
3.6—4.0 °C under the A2 scenario. In terms of precipitation, under the A1b scenario,
the anticipated changes vary from +5% to -20% and from +20% to -20% under the
A2 scenario. The decrease in rainfall is especially predicted during the summer
months. Frost days are expected to become rare towards the end of 2100, together
with longer periods of droughts predicted to last for over a month under both sce-
narios (Ministry of Environmental Protection 2017).

It is expected that agricultural production of various crops will be impacted by
climate change due to changes in temperature and precipitation. For instance, during
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the 2001-2030 period, maize is predicted to mature 7—13 days earlier, although for
soybean and wheat, no change is expected. However, during the 2071-2100 period,
both maize and soybean are anticipated to flower more than 2 weeks earlier, while
full maize and soybean maturation may happen up to 2 months and 2 weeks earlier,
respectively, which can substantially impact quantity as well as quality of yield. As
a result, for some crops, yield reductions are estimated, such as -10% for winter
wheat in the southern area of Serbia expected for the 2071-2100 period and soy-
bean yield changes from -14% to 20% for the 2071-2100 period in the northern and
southeastern areas of the country (Ministry of Environmental Protection 2017).

Serbia’s Agriculture Profile

The agriculture sector is an important sector for the economy of Serbia, as it
accounts for approximately 8.2% of its gross domestic product (GDP) (World Bank
data 2009%). In certain regions of the country, the sector is a core economic activity
for people’s livelihoods. In general, the areas in the south and southeast are the
poorest, whereas the Vojvodina region in the north is more endowed in terms of
fertile soil and where the large agricultural commercial companies and cooperatives
are located with sizes varying from 50 to 2500 hectares (FAO 2009*). In general, the
country has favourable climatic conditions as well as extensive water resources for
its agricultural production. In addition, over half of the country’s surface is agricul-
tural land (4,867,000 hectares), of which 71% (3,437,000 hectares) is utilized agri-
cultural land (Ministry of Agriculture and Environmental Protection 2014). Among
its primary export products include. maize, wheat, apples and frozen raspberries. It
is estimated that these products make up around 21% of its national exports
(USDA 2015%).

It is estimated that 40% of its total population reside in rural areas, where one in
every five persons is over 65 years, while in the southern and eastern parts of the
country, it is calculated to be one in every four. Around one-third of the female
population in the rural areas did not attend any school or unfinished or finished pri-
mary school (Ministry of Agriculture and Environmental Protection 2014). While it
is estimated that approximately two-thirds of these people fully or partially rely on
the agriculture sector and its activities for their livelihoods, according to official
statistics, about 20% of the working population is employed in the sector (Republic
of Serbia 2014). The country’s unemployment rate is estimated at 12.8% in 2018,
while its youth unemployment rate is calculated at 29.7% in 2018 (Eurostat 2019).

3World Bank data, 2015.
4FAO data, 2009.
SUSDA, 2015.
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Findings from the Survey

While the survey respondents were 30 female farmers, a relatively small group, it
was challenging to perceive them as a homogenous group. On the contrary, they
were very diverse in terms of land ownership, sources of incomes, employment,
agricultural production and participation of their farms in the market.

With regard to land ownership, 20% totally owned the land, 10% owned more
than half the land, 10% owned less than half the land, while the majority (53%) did
not own the land. Of those female farmers who indicated that they owned the land,
47% indicated that their husbands actually owned the land and 27% indicated that
they themselves owned it. With regard to average size of the land, it was calculated
at approximately 1.8 hectares.

The majority of the female farmers were an unpaid family worker (57%), an
employee (37%) or an employer (3%). For the majority of the participants (53%),
farming was not the main source of income, although for 43% it was. Moreover, for
90% of the participants, who were engaged in food production for consumption,
and at the same time, 67% are also engaged in food production for the market, but
30% said they were not.

In terms of agricultural production, 47% of the survey participants were engaged
in vegetable production, including tomato, cucumber, paprika, etc., while 10% was
engaged in crop production, like maize and winter wheat production and livestock
production, such as poultry and pigs, while 50% were engaged in a combination of
two or three. For instance, two participants combined both vegetable and crop pro-
duction, while one participant combined vegetable and livestock production and
another one combined vegetable, crop and livestock production (Fig. 7.4).

_ | l |
Combination of two 50%
Livestock production - 10%
Crop production - 10%
Vegetable production . a47%
0% 10% 20% 30% 40% 50% 60%

Fig. 7.4 Engagement of female farmers involved in the type of agricultural production in Serbia
(%). (Source: Agrolink 2017)
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All female farmers who participated in the survey were engaged in various agri-
cultural activities, and the extent varied per type of activity. For instance, most of
them were involved in seeding (70%), manual removal of weeds (60%), processing
and storage (47%), and animal management (43%) as well as to a lesser extent
involved in preparation of land and harvesting (23%) and transportation (10%)
(Fig. 7.5).

Survey respondents were asked about the extent to which various natural hazards
could cause damage to their agricultural production. As shown in Fig. 7.6, the
impact of drought is considered high and very high in terms of resulting in damage
and losses to agriculture. While flood, storm winds and excessive precipitation may
damage some but not all farmers’ crops and livestock. For most participants, land-
slides are viewed as for the most part not adversely impacting the sector.

Despite that natural hazards can cause significant damage and losses to crops, live-
stock, forestry, fisheries and aquaculture, there are also many other factors that may
constrain the development of the farm. For instance, the participants viewed, among
the limiting factors, the lack of working capital, the lack of labour among the most
important factors as well as, to a lesser extent, natural hazards, lack of market, low
profit in production and poor soil quality. While the lack of knowledge and inability to
make and implement decisions were seen as less limiting, opinions were divided with
regard to lack of land and lack of machines and equipment as shown in Fig. 7.7.

When the surveyed female farmers have a problem related to agricultural pro-
duction, they turn the most to other trusted producers, as well as to some extent read
relevant books/magazines, use the Internet or consult with extension service offi-
cers, but not many turn to research for support (Fig. 7.8). With regard to the method
of information that they use the most, similar answers are provided, but also includ-
ing watching relevant TV shows as a source of information (Fig. 7.9).
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50% 7% 43%
40% 37%
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Fig.7.5 Engagement of female farmers in the type of agricultural activities in Serbia (%). (Source:
Agrolink 2017)
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Fig. 7.6 Overview of the types of natural hazards that can cause damage to agricultural produc-
tion in Serbia (number of respondents). (Source: Agrolink 2017)
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Fig. 7.7 Overview of the limiting factors constraining development of the farm in Serbia (number
of respondents). (Source: Agrolink 2017)

A survey question was also included on the various obstacles that female farmers
face when launching new agricultural production in order to better understand their
challenges and risks. Establishing a new type of agricultural production can also
help to diversify existing production, thereby mitigating the risk of total or partial
production failure due to, e.g. extreme weather events, like floods, droughts and
storms. Among the obstacles considered include the lack of subsidies and favour-
able loans as well as lack of workforce, the fear of failure, lack of knowing what is
profitable as well as insufficient professional knowledge and skills for new produc-
tion. However, insufficient professional institutional support and distance and poor
traffic connections with other cities are not extensively viewed as obstacles
(Fig. 7.10).
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Fig. 7.10 Possible obstacles to launching of new agricultural production in Serbia. (Source:
Agrolink 2017)
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Fig.7.11 What kind of support would to help overcome these obstacles? (Source: Agrolink 2017)

Since the access to financial resources was indicated as one of the primary obsta-
cles, fund support and subsidies is therefore considered as a way to address this
constraint as well as some market-related issues, such as better information on new
income opportunities, linking to potential buyers and organizing the purchase of
products. Capacity building-related support is also viewed as important, including
agricultural training and lectures, as well as support to help solve concrete problems
in the field as outlined in Fig. 7.11.

In terms of challenges that the participants face when attending trainings, work-
shops or meetings, 27% said that they lack time as a result of farm/employment
obligations, followed by 23% who are not informed about these capacity building
events, while 7% indicated that they did not attend and some did not have the oppor-
tunity to go to the training, and some specifically said that this was due to the lack
of permission from their husband (Fig. 7.12).

Most of the survey participants (43%) indicated that they never received any
information or advice from extension service on agricultural production, while 23%
and 27% said that they do receive frequently and a few times, respectively, and 7%
said they only once received information or advice. In addition, 16% said that usu-
ally other family members deal with extension, 13% said that no one contacted them
and 3% indicated that they do not see how these advisory services could be useful
to them (Fig. 7.13).
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Fig. 7.12 What challenges did you face when attending trainings, workshops or meetings in
Serbia (%)? (Source: Agrolink 2017)

Fig. 7.13 Have you ever
received any information or
advice from extension
service on agricultural
production in Serbia (%)?
(Source: Agrolink 2017)
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Conclusions

Serbia is prone to various types of natural hazards, e.g. floods, landslides, droughts,
storms and wildfires. With climate change, these natural hazards are expected to
increase in frequency and severity. Agriculture is one of the most climate-sensitive
sectors and is anticipated to be adversely impacted, through damage and losses to
crops, livestock, forestry, fisheries and aquaculture, by climate-related hazards. The
sector and its related activities are an important source of food and income for the
majority of people, in particular those who reside in rural areas. Within the context
of climate change, mitigating the negative effects of extreme weather events on
agriculture is essential.

Female farmers form a substantial part of the agricultural workforce in Serbia,
especially with regard to small-scale vegetable production in their gardens. In the
presented case study, women are involved in various agricultural activities, e.g. seed-
ing, manual weed removal, animal management, processing and storage and to some
extent selling of produce, land preparation, harvesting and transportation. Female
farmers are particularly vulnerable to adverse impacts of natural hazards (especially
drought, but also floods, storm winds and excessive precipitation) on their agricul-
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ture-related activities. Even though natural hazards can lead to significant damage
and losses to crops, livestock, forestry, fisheries and aquaculture, other factors also
constrain the development of their farms, including issues related to lack of or lim-
ited financial resources, lack of labor, lack of markets and poor soil quality.

From the case study findings, it has become apparent that for access to informa-
tion, knowledge and capacity building activities, the majority of the female farmers
surveyed would turn to other trusted producers and less to reading relevant books/
magazines. Use of the Internet or consulting with extension service officers, while
not many turn to research for support. Among the obstacles encountered when estab-
lishing new agricultural production were more related to lack of or limited financial
resources, lack of labour and fear of failure, while insufficient professional knowl-
edge and skills for new production were not extensively viewed as obstacles.
However, in order to overcome the obstacles and address the constraints, capacity
building-related support is also viewed as important, including agricultural training
and lectures as well as support to help solve concrete problems in the field. Moreover,
issues such as lack of time, not being informed or lack of permission from the hus-
band, were viewed as challenges to attend capacity building trainings, workshops
and meetings. Moreover, the majority of the survey participants mentioned that they
never or hardly received any information or advice from extension service on agri-
cultural production.

These insights, related to capacity building for the agriculture sector and in par-
ticular within the context of reducing disaster risks and adapting to climate change,
even if from a limited number of female farmers are crucial in order to help to better
inform design, planning, implementation as well as monitoring and evaluation of
capacity building interventions. This may involve better dissemination of informa-
tion and knowledge about agricultural good practices and technologies available for
disaster risk reduction, including capacity building training to field test, validate and
potentially replicate and update some of these options as well as a gender main-
streaming intervention to ensure the involvement of both women and men, thereby
addressing gender inequality and promoting gender empowerment. The findings
from this survey may also be valid in other parts of the country or in the neighbour-
ing countries within the region; however, further research will need to be undertaken.
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Chapter 8

Commentary on China’s Current Food
Security Status, Future Trends,

and Responses in the Face of Climate
Variability

Check for
updates

Victor R. Squires and Haiying Feng

Context and Setting

The leadership of China places a high priority on food security (Squires et al. 2015,
Scott and Si 2019; Kuteleva 2016). Investments such as rural access (infrastructure
like roads, railways) and agricultural research have allowed China to feed itself in
the face of various predictions to the contrary. Now that food security has become a
primary focus for many governments of food-marginal countries, multiple strate-
gies will become essential, including food reserves. Food reserves around the world
have been allowed to decline over recent decades. China has dealt with grain
reserves in a managed way in China (Squires et al. 2015). At the same time, China
has increased yields, production, and cultivated area by huge research investments
and political might and investment. Today China is a leader in both farming new and
foreign lands (Squires 2018) and in agricultural research, as well as being the
world’s largest food producer.

These multidimensional challenges are closely associated with various changes
in China’s agro-food system over the past few decades (Squires, Hua and Wang,
2015; Wang et al. 2017a). The changes in the agro-food system go far beyond the
agriculture sector and rural spaces.
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A 2015 special issue of the Journal of Agrarian Change on “Agrarian Change in
China” discussed the dynamics, policy environment, and political economy of agri-
cultural capitalization in recent years. The agrarian changes are characterized by
rapid industrialization, capitalization, and commercialization of the agriculture sec-
tor (Zhang et al. 2015). The engagement of industrial and commercial capital from
above and the proliferation of tenant farming from below explain the differentiation
of rural classes. The grain self-sufficiency policy and the recent reform of the rural
hukou (household registration) system are also found to have marginalized peasant
farming and encouraged the rise of agrarian capitalism in China (Andreas and Zhan
2016). Similar trends are observed in the development of the so-called dragon-head
enterprises (Chinese agribusinesses)! in the livestock industry (Schneider 2016; Li
et al. 2018).

Food systems in China, as elsewhere, face challenges to become more resilient
(Zhang 2018). On the one hand, although China is categorized as “moderately low”
in terms of food insecurity in FAO’s Hunger Map in 2015, and just 9.7% of its popu-
lation (133.4 million) is undernourished (FAO 2017; Zhou 2013), hunger still pre-
vails among its poor. On the other hand, obesity and diet-related health epidemics
such as diabetes and hypertension are rising significantly. At least 32 billion USD
worth of food is thrown away annually in China (Zhou 2013) which generates tre-
mendous environmental, economic, and managerial costs (Liu et al. 2013). Problems
within the agricultural system are also urgent as the depletion of soil and water
resources has been jeopardizing both the quality and quantity of the country’s food
supply. Along with the widening income gap between cities and the countryside,
Chinese farmers are struggling to make a decent living from farming their small
plots (Su et al. 2015; Oxfam Hong Kong 2015). As a result, rural-urban migration
has left millions of children, women, and elderly alone in rural communities, lead-
ing to a range of negative consequences (Ye et al. 2013, Jacka 2014).

Impact of Climate Change on Food Security

As home to the world’s largest population and a generally self-sufficient food pro-
ducer, any decline in Chinese agricultural production would have grave global con-
sequences. The projections for China outlined by the IPCC point to an uncertain
future if the agricultural benefits promised via technological innovations fail to off-
set some of the climate change impact stated by Piao et al. (2014).

The IPCC estimated China’s yields of rice, wheat, and maize (corn) will drop
about 20-36% over the next 20-80 years (IPCC 2017). While these estimates are
based on future scenarios, declines in key cereal production in important areas of
China have been observed. Climate change is reducing water availability and
increases in evaporation and therefore increasing the demand for water needed for
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irrigation, which will limit crop productivity in affected areas to a significant extent.
Relatively small reductions in rainfall will translate into much larger reductions in
runoff. Marktanner et al. (2011) indicated that the nexus of climate change and food
security is complex. A FAO report in 2008 identifies more than 100 links between
climate change and food insecurity. Specifically, the FAO examines the climate
change impacts of CO, fertilization, increase in global mean temperature, precipita-
tion changes, and more extreme weather events on food system assets, food system
activities, food security outcomes, and well-being (FAO 2008, p. 14—19).

With Regard to Availability of Food, Climate Change

e Adversely affects rural livelihood bases through a decline in water availability,
soil erosion, desertification and salinization (particularly for coastal agricultural
lands), droughts, floods, and wildfires

* Increases pest and disease problems (locusts, yellow rust, and the like)

e Likely reduces agricultural output

» Likely exacerbates the existing inequalities between rich and marginalized
populations

* Affects livestock health and productivity

* Negatively affects fish supply

With Regard to Access to Food, Climate Change

* Could reduce access to food of people whose livelihoods depend on agriculture,
livestock, forestry, and fisheries (especially smallholder, subsistence, rain-fed
farmers, and pastoralists)

e Could lead to livelihood losses in urban populations (extreme weather condi-
tions, coastal erosion, and flooding) and, as a result, could reduce food access of
vulnerable urban populations

* Could reduce access to drinking water

e Leads to an upward trend of food prices and increases their volatility

e Creates poverty in rural communities

* Could spur internal and external conflict that disrupts access to markets

With Regard to Utilization of Food, Climate Change

* Undermines the availability and efficient utilization of food through factors like
heat stress, disease, malnutrition, and the deterioration of sanitary conditions
* Increases competition for scarce public health services
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* Increases likelihood of diseases due to epidemics from food and waterborne
diseases such as cholera, malaria, dysentery, etc.

With Regard to Stability/Continuity of Food Supply, Climate
Change

e Disrupts continuous availability through trade restrictions in response to climate
change-induced catastrophes

» Leads to the collapse of social safety nets if the creation of fiscal space does not
keep up with rising social assistance needs

With Regard to Utilization of Food, Climate Change

e Undermines the availability and efficient utilization of food through factors like
heat stress, disease, malnutrition, and the deterioration of sanitary conditions

* Increases competition for scarce public health services

 Increases likelihood of diseases due to epidemics from food and waterborne dis-
eases such as cholera, malaria, dysentery, etc.

With Regard to Stability/Continuity of Food Supply, Climate
Change

» Disrupts continuous availability through trade restrictions in response to climate
change-induced catastrophes

* Leads to the collapse of social safety nets if the creation of fiscal space does not
keep up with rising social assistance needs

Farmers must adapt in order to mitigate the impacts of climate change. Whether
farmers are willing to adopt new measures or improve their ability to adapt is crucial
to mitigate the negative impacts of climate change. The Chinese government has
paid considerable attention to the formulation and implementation of pro-adaptation
policies. In 2013, China’s National Development and Reform Commission issued a
revised National Strategic Plan for adaptation to climate change that emphasized the
importance of adaptation in the agricultural sector (NDRC 2013). Agricultural
planting seasons and methods, farming systems, soils, and environmental and
climatic conditions vary across China’s 34 provincial administrative regions.
Agricultural adaptation to climate change is a dynamic process with a large varia-
tion in the region, physical and socioeconomic contexts. Hence, the formulation of
a uniform adaptation policy that guides farmers in the whole of China to adapt to
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climate change is difficult. Climate change and its impacts on water resources and
crop production is a major force with which China and the rest of the world will
have to cope in the twenty-first century.

China experienced explosive economic growth in recent decades, but with only
7% of the world’s arable land available to feed 22% of the world’s population,
China’s economy may be extremely vulnerable to climate change. Notwithstanding
clear evidence of warming that has occurred in China in recent decades, current
understanding does not allow a clear assessment of the impact of anthropogenic
climate change on China’s water resources and agriculture and therefore China’s
ability to feed its people. Agriculture is one of the most important economic sectors,
contributing 11% to GDP in 2013. China is the world’s largest agricultural economy
with farming, forestry, animal husbandry, and fisheries accounting for approxi-
mately 11% of its GDP. There are 425 agricultural workers (200 million farming
households) in China. A little over a decade ago, China was home to 700 million
farmers. They made up about 60% of the population.

Arable lands (130 Mha) span temperate, subtropical, and tropical climates
(Fig. 8.1). Single cropping is common in northern China, while multi-cropping rota-
tions dominate south of 40° N. Rice, wheat, and maize are the main crops, together
accounting for 54% of the total sown area and 89% of the grain yield in 2013.
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Climate Change and Its Potential Impacts on Water Resources
and Agriculture in China Over the Past Five Decades

Recent research strongly suggests that temperature increases since 1980 and accom-
panying changes in precipitation have already had demonstrable but varying effects
on agriculture. Regional warming has extended the length of the potential growing
season for crops, allowing both earlier planting and later harvesting, and northward
expansion of rice planting. For instance, the growing season of cotton in northwest
China was lengthened by 9 days during 1983-2004. In parallel, the number of frost
days shows a decline across most cropland regions. Data from the Chinese National
Bureau of Statistics suggest that warming has already enabled a significant north-
ward expansion of rice planting in Heilongjiang Province (the northernmost region
of China) from 0.22 Mha in the early 1980s to 2.25 Mha in 2007, that is, a north-
ward shift from 48 to 52° N. In parallel, rice yield in this province has increased
from 0.7 to 14.2 Mt over the same period, owing mainly to improved practice. All
these changes suggested that crop yield in the temperate climate zones of north
China has benefited from the increased temperature. For most regions within China,
climate change has been a drag on yields. Due to changes in precipitation and solar
radiation in the past three decades, there has been a 1.2—10.2% reduction in wheat
yields in southern China (Tao et al. 2014) (Fig. 8.2).

Average growing season temperatures in many agricultural counties in China are
already above the optimum in the regions where many of China’s most important
crops now grow, including wheat, rice, corn, barley, sorghum, and soy (Fig. 8.3).

Over the last few decades, China has experienced a pronounced warming.
Precipitation has increased in the south and northwest of the country; in contrast,
the northeastern part has suffered from drought. These changes have already
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Fig. 8.2 The horizontal bars show how climate change has affected yield growth over the past
three decades in the USA and a number of Asian countries, including China
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Fig. 8.3 Schematic diagram of climate change and its potential impacts on water resources and
agriculture. Impact cycle diagrams for southeastern, western, and northeastern China are superim-
posed on the annual precipitation map of China

produced significant impacts on agriculture as well as water resources. In western
China, reducing glacier mass driven by rising temperature and increased precipita-
tion caused an increase in runoff that benefited agriculture in western China. In
northeastern China, warmer conditions and decreased rainfall have been accompa-
nied by increased drought, which produced a negative impact on agriculture. The
wetter southeastern China has had more rainfall with an increase in high rainfall
events.! These increased extreme rainfall events are likely to cause decreased crop
yields, particularly through increased flooding. It is not clear whether the decrease
in soil moisture and runoff due to the increase in evapotranspiration (ET), driven by
rising temperature, is beneficial for crop yield in southeastern China, because this
region has high precipitation and because some modeling suggests that there will be
more winter rainfall. This increased precipitation would be counter to the cropping
patterns.

Crop production has already begun to shift in response to higher temperatures.
For example, rice production in China?® is already shifting north. Data from the
Chinese National Bureau of Statistics suggest that warming has already enabled a
significant northward expansion of rice planting in Heilongjiang Province (the
northernmost region of China) from 0.22 Mha in the early 1980s to 2.25 Mha in
2007, that is, a northward shift from 48° N to 52° N. All these changes suggested
that crop yield in the temperate climate zones of north China has benefited from the

'Guangxi Autonomous Region has up to 30 times the expected rainfall recently and severe flood-
ing has occurred.

2Robert Hijmans, “Relocating Rice Production in China,” Rice Today 6, no. 4 (2007): 25
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increased temperature. In parallel, rice yield in this province has increased from 0.7
to 14.2 Mt. over the same period, owing mainly to improved practice. Factors unre-
lated to climate change such as technical innovations, agricultural policies, and
changing diets also contribute to these shifts, but climate is a major factor.

Most studies of the biological effects of climate change on crop production have
focused on yield. A second impact, much less studied, is how the quality of food is
affected by climate change. As crops and animals respond to changing weather, a
change in the nutrient value of crops as well as a change in the mix of available
foods is likely. Raising livestock in China, especially northern and NW China
(Squires et al. 2009), is a traditional activity contributing to the livelihoods of mil-
lions of rural communities. Livestock make use of the scarce feed in the predomi-
nantly arid lands to convert them into nutritionally and economically valuable
products. The productivity of the livestock sector is challenged by the scarcity of
natural resources in terms of feed and water, lack of supporting infrastructure and
services, and a history of arbitrary policies that affected the sector negatively. In
addition, rangelands, the natural feed resource for mixed and pastoralist systems,
have been largely degraded leading to loss of biodiversity, soil erosion, and a
decrease in their carrying capacity, thus livestock productivity (Squires et al. 2009).

The Relationship Between the Development and Food Security

This aspect has become more and more decisive since the beginning of the twenty-
first century. This has led to the emergence of a new food geopolitics in the world.
The classical security paradigm has shifted to water, food, energy, and environmen-
tal security areas since the beginning of the twenty-first century. With the impact of
climate change, this process will continue and the effects of new food geopolitics
will increase (Fig. 8.4).

The concept of food security also includes food safety. China is struggling with
how to comply with the recognized pillars for the food safety (sanitary suppliers,
sanitary preparation, sanitary transportation, and sanitary serving.) Food safety is an
integral part of food security; yet, because of the long-standing focus on maintain-
ing basic food availability, until very recently food safety was not high on the list of
priorities for the Chinese government (Jen 2018). Ever since the melamine event,?
China has faced challenges of food safety both domestically and globally. With the
economic development, the Chinese consumers are demanding high-quality, nutri-
tious, and safe foods from the food industry but are not willing to pay higher prices.
The Chinese food chain system of mostly small and medium enterprises presents
challenges to the government to monitor and implement food safety laws and regu-
lations. The academia and media are learning to take on their responsibilities with
some success.

3Melamine was found in dairy products, including infant formula
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Fig. 8.4 Food security is dependent on a number of other important systems that include econom-
ics energy, climate, and water security

China’s aspiration for self-sufficiency is in conflict with food safety in two major
aspects. First, China’s government is motivating farmers to maximize production,
which has led to the development of some unsustainable and harmful agricultural
practices (e.g., overly intensive farming, excessive use of fertilizers and pesticides).
Second, China’s government is determined to make basic foodstuffs as affordable as
possible for the populace and adjusts the prices of agricultural goods. As a result,
producers are under pressure to cut costs in the drive for profitability by using illegal
additives and adopting unsafe food processing practices. The Chinese middle class,
which constitutes about 24% of China’s population (300 million people), has par-
ticularly high expectations about food quality and safety. Because of the huge scale
of China’s food industry and its decentralized and fragmented structure, progress on
food safety control and regulation has been limited (Squires et al. 2015; Kuteleva
2016). And we have seen in recent history that food dependence can bring signifi-
cant risks to the safety of imported food. We should also see that the various facets
of food security and food safety are now placed in a more central position in the
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overall security concept and that their relationship with national security increases
rapidly.

As a result, wise states need to be aware of changing their security paradigm and
take steps now to develop new food security strategies. Moreover, the challenges
faced by China’s food system have recently become even more complex, with the
escalating trade war between China and the United States and the potential restruc-
turing of the global food trade order (Perraton 2018). The tension of a trade war is
not only reshaping global market for food commodities but may also perpetuate
further environmental destruction in South America, where China’s demands for
soy have been increasing; Fig. 8.5 shows the widening gap between China’s demand
for soybean and the local production.

Such tension may also result in higher prices for pork and other foods* in China’s
domestic market, affecting daily food consumption throughout the country. Through
this process, the changing politics in the international arena are intertwined with
domestic food production and consumption. There are complex transitions and
nexus between land, food production, and consumption. They help to explain the
complexity and diversity of China’s rapidly changing food sector and its divergent
socioeconomic context. These are key elements of a food systems approach, which
can be defined as “a holistic approach to describing and analysing food systems
[that] allows the direct linking of ecosystem services to a critical part of human
well-being [i.e., food security]” (Ericksen et al. 2010, 40, see also Ericksen 2008).
Si and Scott (2019) analyze the multidimensional and multifaceted situation in a
special issue of Canadian Journal of Development Studies (2019).> There are calls

“Most soy imports are for feeding livestock like pigs and poultry.
SVolume 40, issue 1,
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for a more holistic perspective in both research and policy making to understand the
challenges facing the global food system and also explore potential solutions. The
impacts of the top-down and bottom-up initiatives are unfolding across various seg-
ments of the food system. They are collectively shaping the innovations beyond
food production and reconfiguring the food system as a whole.

A food systems approach (Erikson, 2008) includes consideration of the entire
food supply chain, from food production (and production inputs) to processing,
distribution, consumption, and waste disposal. Thus, it is more than merely a food
production focus (Si and Scott 2016; Ericksen 2008; Foran et al. 2014). Seemingly
trivial and unrelated matters, for example, seeds of registered varieties like canola
or GM maize, virtual water embedded in food trade, tea production and markets,
and support to develop organic agriculture all need to be considered. These aspects
were well canvassed in the special issue of Canadian Journal of Development
Studies (op.cit). Further along the supply chain, there is need to have analyses of
food supply in cities, food provisioning channels between farmers and their social
networks, and the role of CSA in food consumption and in addressing food safety
concerns. A food systems approach likewise includes attention to biophysical as
well as socioeconomic and cultural aspects.

Air pollution negatively impacts food security. Sun et al. (2017) review the cur-
rent literature on the relationship between air pollution and food security from the
perspective of food system. They emphasize that agricultural emissions, which sub-
stantially contribute to air pollution, could happen at every stage along the food
supply chain.

Despite the rapid evolution of China’s food system and the urgency of coping with
these critical challenges, state-led developmental approaches (advancing an agri-
industrial development model) to revitalize the countryside and boost sustainable
rural development have failed to address these social and cultural concerns effec-
tively (Si and Scott 2016) (Fig. 8.6).
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Fig. 8.6 There has been a marked shift in the way in which livestock were raised and utilized.
(Source: Bai et al. 2018)
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Since the mid-2000s, rural development and politics in China has entered a
new phase that revolves around what the central government calls “agricultural
modernization.” Transforming the once-dominant smallholding, family-based
agriculture has become a focal point of the government’s program of rural rejuve-
nation, where a range of economic changes unleashed by urbanization and indus-
trialization also converge. This opens up spaces for various non-state actors to
gain influence over food production and consumption, such as the significant roles
of civil society organizations, alternative food initiatives, farmers, and consumers
in promoting sustainable food production and ethical consumption (Scott et al.
2014; Schumilas and Scott 2019). The coexistence of top-down and bottom-up
forces in China’s food system transformations demands more integrated analyses
of key changes underway in its agro-food sector, including, but are not limited to,
the following themes:

1. The policy and practice around the protection of China’s agricultural land and
national food security

2. The marginalization of small-scale farmers (and their knowledge) through the
vertical integration and modernization of agricultural production

3. Diverse responses to heightened food safety anxiety and an increasingly disem-
bedded food system

4. Emerging “alternative food systems” and “alternative food networks” in China,
such as organic food and agriculture, ecological farmers’ markets, community-
supported agriculture (CSA) farms, and grassroots organizations promoting
environmental and social values for a more sustainable food system

The super marketization of food retail, dietary changes, and rampant food
safety crises, to mention just a few of the trends, have attracted much scholarly
attention (Garnett and Wilkes 2014; Scott et al. 2018). Traditional food outlets
face increasing competition from new food retailing formats. The overconsump-
tion of vegetable oil and meat (Hansen and Gale 2014, Liu et al. 2008) and the
decreasing consumption of coarse grains are associated with the growth of diet-
related noncommunicable diseases (Zhang et al. 2015; Chang et al. 2018). On a
more positive note, perceived food safety risks are fueling a rebuilding of rela-
tionships between people, food, and place through the pursuit of new food
sources and food practices (Si 2017, Wang et al. 2017b). The role of China’s
political economy must be mentioned. It is manifested in a developed‘rural land
rental market, agrarian transformation toward agro-industrialization and vertical
integration, the growth of China’s domestic organic market, and an emerging
civil society — in shaping opportunities and constraints for developing a more
sustainable, resilient food system.

®Not everywhere, but certainly in the major food producing areas
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The Winds of Change

In the past few decades, dramatic changes in China’s food system have generated
economic, social, and environmental consequences that jeopardize its sustainabil-
ity. Both the Chinese state and civil society have responded to these challenges,
with diverse initiatives. The state has promulgated a particularly strong focus on
developing “green” policies. Green production and sustainable farming practices,
under the overall framework of supply-side reform, was one of the highlights of
State Council’s policy document. “Green” actually becomes one of the most fre-
quently used words in the document. Supply-side reform in China’s agricultural
sector is to increase the output of high-quality products based on green and innova-
tive production. It is part of the broader push toward ecological civilization and
should in unison with the policy on rural rejuvenation. In its simplest form, eco-
logical civilization is a dynamic equilibrium state where humans and nature inter-
act and function harmoniously. The concept of an “ecological culture” is believed
to have been put forth by a biologist in the former Soviet Union in the 1980s (Gare
2012), but the concept did not see widespread practical use until the mid-2000s
when the term “ecological civilization” was translated and adopted by the
Communist Party of China as an explicit goal. Since then, China has embraced the
concept with vigor, notably as a central policy objective mentioned at several
national congresses of the Chinese Communist Party and written into China’s
“13th Five-year Plan” (2016-2020), which promotes the development of ecologi-
cal civilization. Achieving ecological civilization is an extremely broad goal and
involves addressing a range of human—environment issues including, but not lim-
ited to, air, water, and soil pollution; remediation of contaminated areas; clean
energy; climate change mitigation; food security; ecosystem health; sustainable
land use; human welfare; and social justice and equity.

China is often cited as an exceptional example of a developing country that has
succeeded in increasing food productivity and availability, improving access to
food, and ensuring stability of food supplies. While China’s record in protecting its
basic food security is indeed impressive, the challenges facing its pursuit of food
security are still many and complex (Kuteleva 2016). According to Garnett and
Wilkes (2014), as cited in Kuteleva (2016), China’s government still concentrates
considerable resources on eliminating hunger among the 150 million people who
live in rural areas (Fig. 8.7).

However, recent social and economic developments, such as marketization of
the economy, rapid urbanization, and rising incomes, add complexity and pressure
[italics ours] to the Chinese food security situation Long et al. 2015. China is expe-
riencing rapid growth in food consumption and fundamental transformations in the
food system, and its pursuit of food security now includes meeting the dietary
aspirations of an increasingly affluent population that seeks to consume more meat,
poultry, fish, fruit, and dairy products (Liu et al. 2008).
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Poverty levels in China’s rural areas according to the current rural poverty standard

Unit: million
800 770.39 765.42 120.00%
700 ~.661.01 65849 —
600 197.'50%96; “..554.63
L )
a2 78.30% E o
400 {30t 60.00%
0 - 40.00%
200
100 - 20.00%
0 - . T T 0.00%

1978 1980 1985 1990 1995 2000 2005 2010 2015
~a— Impoverished population (million) - @ Poverty incidence

Fig. 8.7 Poverty alleviation is a major goal and success has been (and continues to be) made
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From South Africa comes a story (Donkor et al.) about the Ndunakazi project
(named for the province of Kwazulu-Natal in South Africa, where the project was
implemented). It is part of broader program that intends to ensure that no one is left
behind. Inter alia it sought to improve the vitamin A status of children through the
cultivation and consumption of vegetables and fruits rich in provitamin A. The con-
sumption of the vegetables introduced by the project has greatly improved the vita-
min A status of the Ndunakazi people. About 85% of their intake of vitamin A
comes from the new crops. A further positive impact has been the contribution of
the vegetables to the intake of calcium and iron and, to a lesser extent, of magne-
sium, vitamin C, and riboflavin.

Environmental governance is an essential part of any transformational adapta-
tion. The study from Indonesia (Jupesta et al.) aimed at reducing/eliminating fires
in the forests and woodlands, reducing smoke hazard, and exploring more ecologi-
cally sound ways to grow food. The interplay between private interests (mostly
palm oil producers, the environmental protection agency, the local villagers) is
explained.

Urban areas have potential to be used as a food production base as the study from
Nigeria (Aliyu Barau) demonstrates. It examines the feasibility of zero-acreage
farming (Zfarming) in moderately large city. Similarly, the adoption of organic
farming techniques can successfully regenerate soils that are low in soil carbon and
other essential components of fertile soil. The experience from Bangladesh is
explained (Md. Shafiqul Islam) and the benefits, in terms of sustainable production
and better nutrition of those who follow these management practices, are summa-
rized. Special reference is made to more efficient use of water under organic farm-
ing systems.
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Chapter 9

Attitudinal Changes Towards Agriculture
Through the Generational Lens and Impact
on Engagement in Related Activities: Case
Study From a Mountainous Area

Felix Kwabena Donkor, Mearns Kevin, Enokenwa Ojong BAA,
Henry Bikwibili Tantoh, Eromose Ebhuoma, Hadisu Abubakar,
Sibusisiwe Mavuso, Philip Mbewe, Christopher Mabeza, and Arianne Leclerc

Introduction

Mountains in Africa collectively occupy approximately 3,000,000 km?2 of its sur-
face area (Bagoora 2012; UNEP 2012). These mountainous areas aside from their
aesthetic value also provide critical livelihood-sustaining services such as supply of
water, food and energy as well as other essential needs of people across the social
strata especially vulnerable groups (UNEP 2012). In addition, mountains supply
more than half of the African populace with water as most of Africa’s principal
rivers have their source from mountains that sustain the fundamental needs of both
up- and downstream communities (Alweny et al. 2014).
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Moreover, by virtue of their high fertility, mountain areas sustain highly
intense agricultural practices ranging from commercial to subsistence small-
holder systems (Mugagga et al. 2010). Furthermore, the slopes of mountains sup-
port a variety of ecosystems mirroring the differences in climate, soils and
landscapes (Alweny et al. 2014). For example, the fynbos biome in South Africa
hosts circa 6200 flora species regarded as endemic which is not an isolated case.
The associated biodiversity cum ecosystem services sustain the production of
both timber and non-timber forest resources, including nutrition and essential
medicines, whilst the spectacular massifs afford alluring panoramas with viable
potential for tourism (Alweny et al. 2014).

There exists a plethora of land-based livelihood activities in mountain environ-
ments, which together support the livelihoods of large sections of the South African
populace especially in the rural areas (Hoffman 2015). However, the manner in
which the environment is utilized and valued has essentially changed over the last
century (Hoffman 2015). Land was a chief resource in the pre-industrial era, when
the economy and social relations were founded on agriculture (Cousins and Walker
2015). However, the number of people directly engaged on agriculture has signifi-
cantly dwindled with the onset of the mining revolution towards the end of the nine-
teenth century which is akin to the quota of agriculture to the country’s gross domestic
product (Cousins and Walker 2015). In 1980, 57% of the population was categorized
as rural, but this was reversed by 2001 as 57 % of the population was reported as
urban rising to 63 % in 2014 (Cousins and Walker 2015). Furthermore, the chief
sources of livelihoods have shifted from being disproportionately land-based to
depend on wages, remittances and (increasingly) on social welfare grants.
Consequently, in contemporary times, agriculture forms the chief livelihood of a tiny
minority even so, small-scale farming in the former homelands is vital for household
food security (Cousins and Walker 2015). For example, whilst there were 120,000
South African farmers in 1994, this had dwindled to 37,000 by 2012 (Farmers Weekly
2012). This has led some to posit that there is a shift towards ‘deagrarianization’ of
rural areas (Neves and Du Toit 2013) which affects the rural economy and the rural
youth who perceive little potential in the sector (FAO 2016). Despite this assertion,
agriculture still has a vital role to play in sustainable development in Southern Africa
and globally. Thus it could be surmised that the future of food security would depend
on these rural youth. However, across the globe, youth hardly ever identify them-
selves with agriculture or rural areas (FAO 2016). Rural youth in particular are con-
fronted with several challenges in their attempt to make a livelihood (FAO 2016).
Increasing pressure on arable land the world over is an impediment for starting a farm.

Agriculture and Youth Employment in South Africa

South Africa’s relatively good infrastructure, counter-seasonality to Europe, abun-
dant biodiversity and aquatic resources, as well as competitive farm input prices can
propel it into a global leader in the agricultural sector (European Parliament 2015).
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Agriculture’s potential to create jobs for the nation’s teeming youth is one reason for
its prominence in South Africa’s National Development Plan (NDP) which seeks to
provide a million jobs by 2030. Hence there are developing state interventions to
enhance the country’s agricultural training institutions so as to draw more youth into
the sector (Farmers weekly 2012). The goals of NDP pertaining to agriculture
require a skilled human resource base. It also demands delivering comprehensive
support for smallholder farmers such as accelerating land reform and provision of
technical, infrastructural and financial support (DAFF 2016). This has become
urgent as South Africa is third in the world for countries with high levels of employed
young people within the age cohort of 15-24, as over 50% of South Africans in this
age bracket are projected to be unemployed (South Africa info 2014).

Furthermore, with climate change and variability becoming more palpable, it has
become imperative to adopt best management practices and to improve agricultural
resilience (Bezu and Holden 2014; FAO 2014). This involves having the requisite
skilled human capital to make such resilient agriculture successful. The youth rep-
resent a potential human resource base which can be nurtured with the necessary
skills to realize such resilient agriculture. However in spite of the potential of agri-
culture to help create income-generating opportunities for the world’s teeming rural
youth, problems associated predominantly with youth participation in the sector
bedevil its development and progress in the rural milieu (FAO 2014). Placing a pre-
mium on rural development and agricultural investment — crops, livestock, forestry,
fisheries and aquaculture — is crucial to ending poverty and hunger.

This study reported here thus contributes knowledge on enhancing youth involve-
ment along the agricultural value chain. The core objective is to interrogate the
causal factors that impede or disincentivize the youth from engaging in agriculture
and proffer some possible remedies to addressing these challenges. Given that a key
narrative in the Sustainable Development Goals (SDGs) is Not Leaving Anyone
Behind; addressing the needs of vulnerable groups such as the youth is necessary to
realizing such noble objectives. The effective intergenerational cross-pollination of
ideas is crucial to the successful management of ecosystem services that sustain
agriculture and the associated rural smallholder systems (Fig. 9.1).

United Nations member states have acknowledged that the dignity of persons is
essential and that the SDGs should be realized for all people and segments of society.
Moreover, they have committed to redouble efforts at meeting the basic needs of
those furthest behind (UNSTATS 2018). Mountain communities by virtue of their
remoteness and rugged landscapes are often marginalized — benefiting very little
from development dividends. Moreover, the youth and elderly represent vulnerable
groups which are disproportionately affected by such skewedness. In addition, the
environmentally sensitive livelihoods of these rural mountain dwellers and related
fragile ecosystems make them vulnerable to climate change and compromised eco-
system service functions (Mutoko et al. 2015). Agriculture represents a key lever for
sustaining these vulnerable communities and their livelihoods (Hoffman 2015). The
elderly generation embody the indigenous knowledge or biocultural heritage which
has been bequeathed from past generations. By virtue of the fact that indigenous
peoples have adjusted to severe climatic conditions across several generations, this
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Fig. 9.1 Flow diagram of thematic areas of the study

heritage is vital for food security in the light of climate change (IIED 2018). This is
transferred to the youth by way of socialization. The youth are also exposed to new
knowledge which calls for an intergenerational intercourse to build communities of
practice that will propel the entire agricultural value chain (Mutoko et al. 2015). This
is complemented by an enabling policy framework, favourable market conditions
and the innovation or adaptive capacity of the farmer (Tibesigwa et al. 2016).
Ultimately, this process feeds into building resilient agricultural systems and liveli-
hoods that help to Leave No One Behind (Fig. 9.1).

Methodology

Narrative inquiry or narrative analysis is a qualitative research technique which
employs field texts, like conversations, interviews and life experience amongst oth-
ers, as the units of analysis to study and comprehend how people make meaning in
their lives as narratives (Clandinin and Connelly 2000). From the point of educa-
tional research, some argue that human beings are essentially storytellers who, as
individuals and communities, lead storied lives. Hence an analysis of the narrative
is the key to understanding the ways people experience the world (Connelly and
Clandinin 1990). Ultimately education and educational research are the production
and reproduction of individual and social stories; students, teachers and researchers
are regarded as story reciters and characters in their personal and other’s stories
(Connelly and Clandinin 1990). In this study, analysis is hinged on the conversa-
tions and interviews on the changing attitudes towards agriculture between the
youth and the older generation with the aim of understanding causative factors and
the dynamics of this phenomenon.
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Research Design and Data Collection

Data collection was done in October 2015 and March 2016 employing household
interviews and key informant interviews. The data comprised of biographical infor-
mation, views on attitudes and changing nature of rural agriculture. Socio-economic
data were collected by medium of a semi-structured questionnaire in households. For
the interviews, 50 community members were randomly sampled from the 4 constitu-
ent zones of the study site (Fig. 9.2). In addition, interviews were conducted with 20
key informants who were selected due to their unique insights on the thematic area
under study (USAID 1996). The informed consent of each interviewee was sought
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Fig. 9.2 Location of the study area
Overview of the study site (Mpakeni)
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before the interview was conducted. As the study involved issues on ethics, ethics
clearance was gained from the University of the Witwatersrand non-medical human
subjects research committee with a certificate number H15/09/05.

Data Interpretation and Analysis

During the key informant interviewing process, pertinent points were noted and the
interviews recorded and transcribed. Through a thematic content analysis, the prin-
cipal recurring themes relating to the nature of attitudes and importance given to
agriculture by the youth and the elderly were integrated as per meaning condensa-
tion. Consequently, the accounts of interview subjects were condensed into phrases
mirroring the principal idea expressed (Kvale and Brinkmann 2009). All interviews
were coded to guarantee the anonymity of respondents. The data interpretation and
analysis is summarized in Fig. 9.3.

Study Site: Mpakeni Village

Mpakeni village is one of the four constituent communities which form the Mpakeni
Tribal Authority together with Daantjie (where the chief resides), Luphusi, Zwelisha
and Mpakeni. It is located in the Nsikazi District of the Mpumalanga Province
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Fig. 9.3 Breakdown of livelihood options of sample population
Distribution of respondents across different sectors of land-based livelihood activities
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(north-eastern South Africa), in close proximity to Swaziland and Mozambique. It
is represented by the geographical coordinates 25° 29° 08 South, 31° 16° 38” East
with an altitude of 821 m above sea level. Most people in the area of siSwati
(Swazi) — and Xitsonga (Tsonga) (-) descent (Van Riet et al. 1997).

A homestead refers to the living space of a household and may comprise of a
single or several houses (Ellis 2000). Furthermore a household is composed of sin-
gle or several individuals who share a dwelling as well as meals (Haviland 2003).
The household also represents the rudimentary unit of analysis in several socio-
economic models (O’Sullivan and Sheffrin 2003). Nonetheless, there was lack of
official census data on the population of the study site at the time of study (E., per-
sonal communication, July 5, 2015; N., personal communication, October 5, 2015).
In order to gain an accurate projection of the Mpakeni population, relevant govern-
ment agencies were consulted (L., personal communication, July 30, 2015). Other
people who have done studies on related topics in the Mpumalanga province were
also consulted and juxtaposed with published material on the area (Twine et al.
2003) to suggest an average of six individuals for a household. This household mean
was also confirmed in the course of a community mapping process. In addition,
Google Earth was employed in counting homesteads in Mpakeni. This involved
performing a search on Google Earth with the target site being Mpakeni in
Mpumalanga Province of South Africa at diverse scales (1 km, 500 m) to make the
homesteads visible for computing. A hard copy was also made and compared with
the digital version. Circa 270 homesteads were counted. An average of six people
per household was multiplied by the overall number of homesteads computed from
Google Earth to arrive at a population of 1620 individuals (270 s 6). The spatial
outlook of the study site is depicted in Fig. 9.2.

Results and Discussions

To the best of our knowledge, this is the first study that looks at the intercourse of
intergenerational dialogue premised in our mountainous context and its relation
with sustainable agriculture and goal of Leaving No One Behind. It is pertinent to
engage with the relations between individual stories and popular discourses or dom-
inant narratives and evaluate the implications for requisite interventions.

Moreover, respondents provided diverse perspectives on the themes under inves-
tigation which were expounded in the aforementioned narratives. Consequently, the
views of key informants concerning the dwindling interest of the youth in partici-
pating in agriculture compared to the older generation are woven around the tapes-
try of divergent narratives.

The majority of household heads were females with households receiving an
average of three social welfare grants. There were a total of 183 respondents made
of 81 (44.3%) males and 102 (55.7%) females (Table 9.1). The households had an
average of six (6) household members, one person permanently employed and
receiving an average of three social welfare grants.
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Table 9.1 Breakdown of the sample population according to age and gender
Sociodemographic profile of study respondents (n = 183)

Frequency Percentage
Age range
21824 7 3.8
25-34 27 15.3
35-44 50 27.3
45-54 30 16.4
55-64 25 13.1
65-74 31 16.9
75-84 9 49
85+ 4 22
Total 183 100
Gender
Male 81 44.3
Female 102 55.7
Total 183 100

“NB. The age range starts from 18 in consonance with ethics requirement

Table 9.2 Breakdown of agriculture-related activities of the respondents
Age distribution of respondents vis-a-vis their agriculture-related activities

(n =183)
Frequency Percentage
Age range
21824 7 4.1
25-34 22 12.7
35-44 49 28.3
45-54 28 16.2
55-64 25 14.5
65-74 29 16.8
75-84 9 52
85+ 4 2.3
Total 173 100

“NB. The age range starts from 18 in consonance with ethics requirement
The most predominant age groups in agriculture were 35—44 years, 65-74 years
and 45-54 years in descending order

Agriculture is a key source of livelihood sustenance in many rural areas such as
the study site (Fig. 9.2). Given the narrative of the importance of agriculture in the
rural sphere, the agriculture-related activities of the respondents were appraised
(Fig. 9.3). Furthermore the participation in agriculture in light of age cohorts was
also considered (Table 9.2). Thus Table 9.2 highlights the age distribution as per the
agricultural related activities of the study participants. In all 173 (94%) of respon-
dents were involved in agriculture, whilst 10 (6%) were not involved in any form of
agriculture (Table 9.2 and Fig. 9.3).

Study results also indicate that most respondents were involved in some form of
agriculture-related activity (Table 9.2 and Fig. 9.3).


https://dictionary.cambridge.org/dictionary/english/vis-a-vis

9 Attitudinal Changes Towards Agriculture Through the Generational Lens... 173

Thus 21.9% (40) and 12.0% of respondents were engaged exclusively in crop
production and animal production, respectively, whilst 39.9% (73) were involved in
crop and animal production, with the remainder engaged in a combination of differ-
ent agricultural activities (Fig. 9.3).

Intergenerational Narratives on Agricultural Livelihood
and Charting a Path for the Future

The intergenerational narrative thread shows that the elderly generation largely
regard tilling the land and life in the rural context in a more positive light than the
youth (Cousins and Walker 2015). This is encapsulated by respondent I, who serves
as chairperson of the local farmers association, in response to a question on the
claim that the youth are not as interested in agriculture as the older folk:

To be honest with you. The youth don’t like agriculture. They are lazy; all they just want is
the finished product.

Conversely, the youthful narrative paints a picture of resistance to rural life and
to the possibilities of agricultural work (Farmers Weekly 2015). This is vividly
expressed in the words of respondent K, a former agricultural engineering (bio-
resources) student from one of the nation’s reputable universities. This was a rebut-
tal in reaction to a question on the claim that there is a marked attitudinal change
towards agriculture amongst the youth:

Old people have always been interested in agriculture but young people are disinterested.
Blame the media; they advertise to the youth that they can do more with their lives than
being stuck in a rural area doing agriculture.

Such youthful narratives contrast with the popular discourse in relation to ques-
tions of food security and sustainability. However, it is also understandable given
historical conditions, the perpetuation of racialized unequal access to arable land
that would make agriculture viable (Cousins and Walker 2015) and contemporary
popular discourses that emphasize that freedom and achievement lie in escaping to
cities and urban life (FAO 2014) as surmised from the narrative of respondent K.

It is thus evident that whilst the elderly narrative on agriculture and rural life
borders on reverence, youth value it less highly. This shift in concentration from
agriculture to alternative sources of income has led to the phenomenon of deagrari-
arization (—) characterized by increased feature of wages, remittances and social
welfare grants on the rural landscape (Neves and Du Toit 2013). Education and
modernization are often cited as causes for this change as well as eroding the influ-
ence of traditional institutions and culture (Cousins and Walker 2015). Hence,
although improved educational levels in the rural areas have become evident
(Rosenberg et al. 2015), it may have increased career options for the youth but not
necessarily in agriculture. This is in contrast to the argument of 46% of respondents
(B, F, H, K) that introducing agriculture to learners will bolster the adoption of
agricultural livelihoods amongst the youth (FAO 2014). For example, respondent B
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(a youth leader) in response to a question on the youth’s perception and involvement
in agriculture surmised:

Yeah they (the youth) feel farming is for the old and vulnerable but farming is a way of life.
We (the youth) don’t see the importance of farming when we have the money to buy what
we can farm.

Similarly, respondent F (a former apartheid government employee in the
Kangwane government) commented:

Because the government we have now is different from the past. In the apartheid era, we
were taught at a young age to farm. But now the young are smoking ‘nyaope’ (an addictive
drug) which was not previously the case.

This is further buttressed by the account of respondent H, a local supervisor of
the Expanded Public Works Programme (EPWP) which supplies poverty and
income relief by offering temporary work for the unemployed to undertake socially
useful activities:

It is laziness. Young people are lazy. In EPWP (Expanded Public Works Programme) we are
30 people but those who are serious about agriculture are very few.

It is noteworthy that these comments were in response to a question on the claim
that there is a marked attitudinal change towards agriculture amongst the youth.

Furthermore education and modernization facilitated by the post-apartheid era
may have filtered those who genuinely are interested in farming from those who
may have been coerced into it, as argued by respondent K. Under apartheid regula-
tions, many were forced to remain rural dwellers (Neves and Du Toit 2013). This
argument also smacks of political ecology and betrays the socio-economic changes
which may be affecting the interest of the youth in agriculture.

The youth by nature are less risk averse compared to the elderly generation. This
may account for their penchant to explore other sources of livelihood unlike their
elderly folks who would prefer the stability of their farming activities. Nevertheless
it has been observed that the youth are often on the fringes of the job market, with-
out the requisite work experience and networks to secure employment (Rankin et al.
2016). This is buttressed by the accounts of respondents C and G. Thus during a
focus group discussion with four unemployed youths, respondent C explained:

Because it (desisting from farming) is a modern lifestyle (attitude). All the things being
planted you can buy in the shops so there is no need to farm again.

However respondent G (a local farmer) gives another perspective to the debate in
opining that:

Some young people want to farm but they don’t have money.

These were responses to a question on the claim that the youth are less enthused
about agriculture in comparison to the older folk.

Moreover, even when employed, their status is often precarious as they are lim-
ited to temporary contracts. In addition, they are found in the job categories most
sensitive to economic fluctuations and hence face higher likelihoods of retrench-
ment (Rankin et al. 2016). Nevertheless, in the face of rising youth unemployment,



9 Attitudinal Changes Towards Agriculture Through the Generational Lens... 175

entrepreneurship such as in agribusiness provides an avenue to help the youth har-
ness their potentials and contribute to rural development even as they escape pov-
erty (Rankin et al. 2016). This may explain why some respondents label the youth
as lazy (E, I) as they refuse to embrace available agricultural opportunities in the
hope of finding non-existent jobs as portrayed in the narrative of respondent H. This
point is clear from the account of respondent E (a local farmer) who in stating his
opinion on the claim that the youth are not as interested in agriculture as the older
folk argues that:

The change in attitudes is because young people now eat food from restaurants. In my time
we had to go to the farm to get farm produce to prepare food. We teach young people to
farm but they are stubborn. They eat what we plant but refuse to go to the farm.

Respondents G and A, however, point to other background issues, such as cli-
matic and financial challenges disincentivizing young people from agriculture
activities. For example, respondent A (an agricultural extension officer) in a rebuttal
as to whether growing of crops has reduced in rural areas:

Yes people have stopped growing vegetables due to shortage of rain.

This suggests the elderly generation may have enjoyed more favourable climatic
conditions and extension support (F, A) to incentivize their agricultural engagement
compared to present times (Neves and Du Toit 2013). The issue of how favourable
climatic conditions relates is confounded with the availability of arable land.

However the debate over land reform is a heated one which the Department of
Rural Development and Land Reform (DRDLR) of South Africa, despite its far-
reaching proposals, has largely failed to effectively address (Cousins and Walker
2015). When it comes to land, young people are less likely to buy land due to the
high levels of youth unemployment, poor income of majority rural youth and
escalating land prices (FAO 2011). Furthermore, loans allocated for land pur-
chase are not easily accessed by the rural youth who are in dire need of such
resources. In addition, in many cultures, the youth normally have to wait until
adulthood to have their own piece of land as it is also often considered an abomi-
nation for young people to appropriate family land when their parents are not yet
deceased (UN-HABITAT 2011). Whilst awaiting their patrimony, several young
people are confined to subsidiary land rights and perform labour on kinship land
which is often poorly remunerated. This could serve as further disincentive for
their engagement in agriculture.

Respondent E surmises that agricultural and farming skills are often transferred
from parents to their children. Such informal mentoring may have proved effective
in ushering young people into rural agriculture in times past, but the youth deem this
unwarranted as they can find whatever is planted on the farm in the shops as indi-
cated by respondents B, C and D.

Respondent D (a traditional healer) exemplifies this in her account on the claim
that the youth are not as interested in agriculture as the older folk:

The young ones like me have attitude and think of farming as old fashioned lifestyle.
Because they are eating well that is why they are not taking agriculture serious.
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Nevertheless, there is a call for such education to be carried out in a more syn-
chronized and organized way, instead of an informal basis (PAFPNet 2010), as
opined by respondents F and J.

Thus respondent J (a local ward councillor) posits that:

Young people are not motivated as the old people. Due to lack of education in agriculture,
people need courses in agriculture to engage young people from schools and teach them the
importance of agriculture in our country.

Furthermore providing mentors or exhibiting the success stories of other
young farmers and ‘agripreneurs’ can inspire the youth to adopt agriculture as a
career according to respondent K. Additionally, it could aid in overcoming the
stigma associated with agriculture as failure-prone and labour-intensive and
rather portray the limitless potential of the agricultural sector as a worthy career
option (FAO 2014). Novel training methods such as ‘sustainable socio-economic
entrepreneurship’ by incorporating human capacity development (such as cul-
tural, social, technical, organizational and economic) integrate agriculture with
industry and services by embracing its wider scope (FAO 2014). Similarly, in the
face of increasing food insecurity, the Sustainable Development Goals (the 2030
Agenda) also argue for an integrated approach to addressing food, livelihoods
and the management of natural resources (FAO 2016). These approaches help
package agriculture as an attractive livelihood option to the youth rather than as
an ‘old fashioned’ activity. Furthermore, they incorporate themes of the green
movement, a return to the ‘natural’, climate issues, political ecology which the
youth find ‘cool’ and 4 la mode. This contrasts with the mundane lifestyle of
the older generation, from which young people wish to flee, as portrayed in the
accounts of respondents B, C, D and E.

Conclusion

Understanding from the past through the narratives of the older generation helps in
drawing useful insights from the youth’s narrative and charting a future for food
security and sustainable rural development. As South Africa’s population grows and
becomes more urbanized, the dynamics of the agricultural landscape also changes
which requires skilful human capital to meet the fluctuating consumer needs.
Increasing the interest of the youth in agriculture includes revamping the several
abandoned agricultural projects on the rural landscape and showcasing the success
of thriving young businesses in the sector. This must be coupled with addressing
fundamental challenges within the sector related to accessibility to information,
finance, land, markets and infrastructure. Enhancing the skill level of the youth will
improve their employment opportunities and produce a critical mass of young agri-
cultural entrepreneurs. Another approach to improve job prospects in agriculture
would be to build the capacity of the agricultural colleges to escalate the number of
skilled-labour training centres. Currently there is an inadequate focus on education
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to develop skilled labour in the primary agricultural industry. Skilled farmers can be
produced by introducing agriculture-related programmes in the school curricula
such as the primary and secondary levels whilst modernizing the outdated agricul-
tural curricula. This can also be enhanced with practical training, like repairing and
maintaining farming equipment, production capability, farm management and lit-
eracy in information technology. There is the need to engage more with the youth in
policy development related to agriculture to make such measures attuned to their
unique needs. Similarly increased public private partnerships can make agricultural
projects constantly relevant to the needs of the market and consumer demands.
These measures will develop dynamic communities of practice that will enhance
food security and facilitate sustainable development in mountain communities.
With the capacity of the agricultural value chain to alleviate the plight of the most
vulnerable in society, ultimately the Leave No One Behind concept as per the
Sustainable Development Goals (SDGs) becomes tangible amongst those far-
thest behind.
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Introduction

In 2015, countries worldwide adopted 17 United Nations Sustainable Development
Goals (SDGs) with 169 underlying targets that tackle major issues impacting the
world. This ranged from ending poverty to protecting the planet and ensuring prosper-
ity for all, as part of a new sustainable development agenda (UN 2015). To reach the
goals in 2030, all stakeholders (government, business, and community) need to play
their role. The role of government as policy maker is needed to set the target, tracking
the progress and evaluating for the future improvement. The consensus among econo-
mists and policy makers has grown wider on the need for governments to put forward
strong policies directed both at facilitating the growth of existing and emerging indus-
tries and addressing the unaccounted and unintended impact on society to growth
(PWC 2017). In order to ensure that business takes part in implementing the sustain-
able development agenda, proactive action should be taken by policy makers.

Note: Exchange rate in 2017: 1 USD~ 13,380 IDR, 1 SGD ~ 10,000 IDR.
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In 2015, the Paris Agreement on Climate Change reflects a commitment to hold
the rise in average global temperatures to well below 2° C above (the pre-industrial
level) with an aspiration to a lower ceiling of 1.5° C. It too called on parties to “take
action to conserve and enhance, as appropriate, sinks and reservoirs of greenhouse
gases” as referred to in Article 4, paragraph 1(d) of the UN Framework Convention
on Climate Change (UNFCCC) (CoP 2016). The number of companies committing
to addressing deforestation continues to increase, in particular the palm oil and tim-
ber industries which are directly linked to deforestation.

While SDGs deal more with social concerns such as poverty, healthcare, and
employment as well as environmental issues, the Paris Agreement is focusing on
environmental concerns. It is expected that private sector will be central to meeting
the objectives of both the SDGs and the Paris Agreement. The business community
could deliver greenhouse gas (GHG) emission reductions equivalent of 3.2—4.2 bil-
lion metric tons of CO, by 2030 equal to 7-9% of global emissions in 2010 of which
0.5-1.2 billion metric tons would be delivered by eliminating deforestation.

In terms of loss and damage, the Paris Agreement also recognizes the importance
of averting, minimizing, and addressing loss and damage associated with the adverse
effects of climate change, including extreme weather events and slow onset events,
and the role of sustainable development in reducing the risk of loss and damage. The
Paris Agreement builds on the continuation of the Warsaw International Mechanism
for Loss and Damage associated with Climate Change Impacts, following the
review conducted in 2016 (UNFCCC 2016). Accordingly, areas of cooperation and
facilitation to enhance understanding, action, and support may include:

(a) Early warning systems

(b) Emergency preparedness

(c) Slow onset events

(d) Events that may involve irreversible and permanent loss and damage

(e) Comprehensive risk assessment and management

(f) Risk insurance facilities, climate risk pooling, and other insurance solutions
(g) Non-economic losses

(h) Resilience of communities, livelihoods, and ecosystems

The forest fire in Indonesia was considered as a climate disaster due to its nega-
tive impacts in terms of GHG emissions, biodiversity loss, health, education, agri-
culture, water, etc. (Ekaputri 2016). The largest area burnt on the 2015 fire event is
palm oil concessions followed by food crops and forestry concessions as shown in
Table 10.1. Some of the burnt area was peatland, a global carbon pool (Page 2016).
Out of 2.61 million hectares’ land burnt, 618,574 hectares are peatland. This is
caused by the emissions from Indonesia’s peatland fires. In 2015 alone, it surpassed
GHG from Japan and was more than double in Germany (Tacconi 2016). In total,
the GHG emissions during the period July—December 2015 from the fire are 1.75 Gt
CO,, 87% of the total GHG emissions in 2012.

Not so long ago, sustainability was seen by most companies as little more than a
peripheral “green issue” — useful for reducing energy and waste disposal cost or
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Table 10.1 Area burnt by land use type during the 2015 fire event (Tacconi 2016)

Land use Area (hectares) | Percentage (%)
Total area burnt 2,611,000

a. Food crops 346,039 13.25
b. Estate crops 72,763 2.79
c. Palm oil concessions 505,887 19.38
d. Forestry concessions 233,414 8.94
e. Swamp forest 176,179 6.75
f. Natural forest 259,376 9.93
g. Other 807,369 30.92
h. Mining 24,183 0.93
i. Total accounted 2,425,210 92.88
j- Uncontrolled area 185,790 7.12
k. Fire-affected area not allocated to specific stakeholders | 1,428,714 54.72
(e+f+g+j)

The items a(-)h were obtained from World Bank Report in 2015 on forest fire

supporting some worthy community causes but hardly central to a company’s core
business (PWC 2015). The palm oil producers for one decade have been accused as
one of the causes for the forest fire and deforestation in Indonesia (Purnomo and
Dermawan 2017). Forest conservation and palm oil development should be recon-
ciled with the landscape approach. Palm oil businesses have capacity to implement-
ing sustainable development goals through working together in partnership mode
with its stakeholders (community, government, other business entities, etc.).

The palm oil itself in terms of area was owned by plantation (private and govern-
ment owned) 59% and smallholders’ farmers 41%. Next to domestic consumption,
the export value of palm oil in 2015 is 19 billion US$ representing 12.63% of the
country’s export. The palm oil industry sustains the lives for 16 million households
directly and indirectly. The direct employment in the plantation is six million people
(5% of total labor force) using a land area of 11.3 million ha (5.6% of total land
area) in 2015 (Detik News 2017). A lot of the fire associated with palm oil is caused
by land clearing through slash and burn done by the companies and by individual
smallholders’ farmers in the neighborhood.

The aim of this chapter is to elaborate the role of a non-state actor such as busi-
ness partnership with different stakeholders (local community and local govern-
ment) in reshaping the environmental governance. There are dual functions: (i)
preventing forest fire in local scale and (ii) addressing the global issues (climate
change, climate disaster, and SDGs) at the same time. We consider the forest and
land fire in Indonesia at different levels of governance: global, regional, national,
and corporate. We also discuss and analyze the Fire Free Village (Desa Makmur
Perduli Api) program activities which comprise two initiatives: Fire Alert Village
program and Pilot Project Integrated Ecological Farming program. The case study
for Fire Alert Village program involves eight villages surrounding the palm oil plan-
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tation company (PT AMNL)', and the case study for Integrated Ecological Farming
program is one of those eight villages on Fire Alert Village program; Lembah Hijau
2 village.

Forest Fire in Indonesia

This chapter will elaborate the forest fire situation within a vertical hierarchy (inter-
national, regional ASEAN, national, and local) as shown in the Fig. 10.1. The
United Nations task force recommended stronger cooperation between multilateral
environmental institutions to facilitate synergies and promote policy coherence
(Biermann et al. 2009). This issue has been connected to “institutional framework
for sustainable development,” i.e., the second theme of the 2012 United Nations
Conference on Sustainable Development (UNCSD). A related study has been con-
ducted on the climate change governance in Indonesia (Jupesta et al. 2012).

International Context

Prior to Paris Climate Agreement, the UN held a Climate Summit in 2014 at UN
Headquarters, New York. This summit outcome is The New York Declaration of
Forests which comprises of commitment to reduce felling of natural forest to half by
2020 and strive to end it by 2030. Attended by governments, companies, indigenous
peoples, civil society organizations, and multilateral institutions, this non-binding
declaration was the preliminary commitment prior to the Paris Climate Agreement
2015. Several collective actions were announced such as Zero Deforestation

Fig. 10.1 Multi-level Levels Issues

governance in forest fire in

Indonesia International Sustainable Development Goals
Climate Change

Disaster Risk Reduction

Regional (ASEAN) Transboundary Haze Pollution

National (Indonesia) Forest Fire Prevention
Disaster Risk Prevention

Local (Ketapang) Food Security
Climate Resilience

'PT. AMNL is the palm oil company subsidiary of PT. SMART Tbk. PT. SMART Tbk is a subsid-
iary of Golden Agro-Resources (GAR), the second largest palm oil producer worldwide.
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Commitments from Commodity Producers and Traders. Some palm oil companies
such as Wilmar International, Golden Agri-Resources, and Cargill pledge to adopt
Zero Deforestation Policy from its palm oil production. Beyond that, Golden Agri-
Resources (GAR) also makes a commitment that this policy will be applied to all
third-party suppliers as well (UN 2014).

The Paris Agreement and the Sustainable Development Goals in 2015 have been
set clearly by the governments as the global framework for environment and social
sustainability. These two international agreements differ with the predecessor of the
SDGs; the Millennium Development Goals (MDGs) are focusing on the developing
countries, while the SDGs are applied to both developing and developed countries
(CDP 2016). While the Paris Agreement on Climate Change commits the inter-
national community to hold the rise in average global temperatures to well below
2° C with an aspiration to a lower ceiling of 1.5° C, the SDGs focus more on both
social and environment sustainability.

Out of 17 goals, the goal 13 of the SDGs (-): take urgent action to combat cli-
mate change and its impacts — is directly linked with the regional problems that are
the subject of this chapter. The goal also acknowledges that the UNFCCC is the
primary international intergovernmental forum for negotiating the global response
to climate change (UN 2015). Floods, drought, heat waves, and other extreme
weather events pose potential losses to persons and communities: losses in life and
health, economic damages, displacement, and reduced access to basic needs and
services, such as water, food, energy, and education. Disaster risk reduction (DRR)
entails systematic efforts to reduce those factors in our societies that amplify the
impacts of natural hazards. It includes such actions as building more resilient infra-
structures, investing in disaster preparedness and in early warning systems, and
developing new tools such as microinsurance and nature-based solutions, among
many others.

Regional Context

Rapid land use change and El Nifio-Southern Oscillation (ENSO) have resulted in
recurring fires in Southeast Asia in recent decades. Frequently the fires then ignite
underlying peat soils. The peat fires, in particular, release large amounts of CO,,
along with aerosols and toxic particulates that are known as “haze”. This haze pol-
lution has been a sporadic problem in Southeast Asia over the past 20 years (Lin
et al. 2017). They impact most strongly in Indonesia where the forest fire occurred
and in neighboring countries Singapore and Malaysia but also extend to Vietnam,
Thailand, and the Philippines.

Indonesia’s government has taken a step toward ratifying an ASEAN Agreement
on 2014 to fight the haze that reached record highs in the region in that year.
Indonesia is the only ASEAN member that has yet to ratify the ASEAN Agreement
on Transboundary Haze Pollution, which all other nine country members of ASEAN
already signed in 2002 (ASEAN 2015). The pact commits countries to prevent open
burning, monitor efforts at prevention, share information, and help one another in
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tackling the matter. During the haze period on July 2015—October 2015, Singapore
faced the worst air pollution index at 341, compared to 50—100 as normal. Singapore
Environment Council took action by suspending the use of the Green Label for
environmental sustainability given to several haze-linked companies, leading to the
removal of these companies’ products from some supermarket shelves and increased
public awareness of the links between consumer goods and haze (Wijedasa
et al. 2015).

Further, in ASEAN Plan 2025, it stressed conservation and sustainable manage-
ment of biodiversity and natural resources with ten strategic measures. One of these
is by strengthening regional cooperation on sustainable forest management in the
context of forest fire prevention and control, including through the implementation
of the ASEAN Agreement on Transboundary Haze Pollution, to effectively address
transboundary haze pollution.

National Context

One of the significant sustainability issues in Southeast Asia is the frequency of forest
fire which occurred yearly during the dry season in Sumatra and Kalimantan island of
Indonesia. Such fire rages every year during the summer season which brings the haze
in most of the Southeast Asian countries: Indonesia, Brunei Darussalam, Singapore,
Malaysia, The Philippines, Thailand, and Vietnam. In 2015, due to the El Nifio weather
pattern, the forest fire becomes especially severe. Unlike other emerging economies,
such as China and India, most of Indonesia’s GHG emissions are not from industrial
activities but from peat fires and deforestation (Jupesta et al. 2011).

While at the global level 57% of the GHG emissions originates from fossil fuel,
at the national scale, 53% of such emissions are caused by peat fires and changes in
land use and forestry (LUCF) and peat fire (UNFCCC 2018). The total GHG emis-
sions are estimated to grow from 1 Gt CO, in 2000 to 1.8 Gt CO, in 2014. GHG
emissions from peat fire and LUCF have grown from 0.5 Gt CO, in 2000 to 0.98 Gt
CO, in 2014. The GHG emission reduction targets in 2030 for LUCF and peat fire
are 59.31% (scenario 1) and 60.15% (scenario 2), while the GHG emission reduc-
tion targets for agriculture are 1.1% (scenario 1) and 0.34% (scenario 2). Both sce-
narios were designed based on the 29% GHG emission reduction within the country
effort (scenariol) and further 38% GHG emission reduction with international sup-
port (scenario 2).

Most forest fires were caused by the land clearing to convert it into other com-
modity products, e.g., palm oil plantation. Often this forest fire grows on peatlands,
which store carbon from decayed organic matter; in tropical regions, these hold up
to ten times as much carbon as surface soil. According to the World Bank, the forest
fires in 2015 cost Indonesia 16 billion US$; this amount attributes to 2% of its GDP
and is 84% of the export amount of palm oil value itself (World Bank 2016). In
terms of SDGs, the Government of Indonesia just enacted Presidential Regulation
No.59 in 2017 to promulgate the road map, national action plan, and local action
plan to achieve Sustainable Development Goals 2017-2030 (Setkab 2017).
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According to the government, 2.6 million hectares of Indonesian land burned
between June and October 2015, a land area 4.5 times that of Bali (World Bank
2016). In the absence of the controlled burning measures or significant law enforce-
ment, the fire grew out of control, fed by the drought and exacerbated by the effects
of El Niflo. This environmental crisis adds to the economic and social growth and
costs 16.1 billion US$ (excluding the regional and local cost). Most of the frequent
forest fires are in Sumatra and Kalimantan. Numerous studies have reported how
Indonesia is lacking measures and efforts related to forest fires; thus multistakehold-
ers’ cooperation through multi-partner governance might be a solution to prevent
and combat the forest fire.

Over the last decades, there has been rising trend in the occurrence of disasters
worldwide and their related economic impact. This is particularly notable for cli-
mate-related disasters, — such as drought, floods, and storms (—) which are of signi-
fying concern to agriculture and food security given the sector’s dependence on
climate. Despite the fact that the severe forest and wildfire during the long-term
drought were caused by El Nifio (FAO 2016), forest and wildfire has occurred every
year during the summer season, mostly caused by land use change (land clearing)
(Field et al. 2009). The Fire Alert Village program was developed as an effort to
solve the problem of forest and land fire that occurred yearly regardless with or
without El Nifio.

Corporate Level

To overcome the forest, plantation, and land fire, Golden Agri-Resources (GAR)
since 2016 took the initiative by working together with its stakeholders, local com-
munity, and local government to implement the “Fire Alert Village” program. This
forest fire prevention program was also endorsed by the central government through
the Coordinating Ministry of Economic Affairs. Those villages are highly vulnerable
for forest fire according to Ministry of Environment and Forestry. Land located in the
neighborhood of the company concession will be given priority to being supported
by GAR in terms of social and physical infrastructure. There are 731 villages catego-
rized as the most vulnerable villages in terms of forest and land fire according to
Ministry of Environment and Forestry. At least three of the most vulnerable villages
were located surrounding PT.Agro Lestari Mandiri (AMNL): Sungai Kelik Village,
Lembah Hijau 1 Village, and Lembah Hijau 2 village. All of those three villages were
in Nanga Tayap district at Ketapang Regency which is in West Kalimantan Province.

GAR decided to implement the Fire Alert Village program on the plantation in
Nanga Tayap district due to its historical record. The location which has the highest
risk and fire vulnerability level is given the priority for this program. This priority
refers to chronology of fire or fire hotspot, land coverage with fire potential, land
types (peat or non-peat), land condition and accessibility to the road, river, etc.,
conflict intensity and land claim, and socio-culture condition of local community
which is still using slash and burn in land clearing for production of food crops that
underpin food security.
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Fire Free Village Program

To prevent the forest and wildfire occurrence, there should be robust and credible
mechanisms for engaging multi-partnerships by involving community, market, and
state. The study case in this study is the eight villages surrounding the palm oil
plantation company (PT AMNL) for Fire Alert Village program and Lembah Hijau
2 village for Pilot Project Integrated Ecological Farming. PT. AMNL was located in
Ketapang, West Kalimantan, and it belongs to PT. SMARTTbk., which is one of
GAR’ subsidiaries.

GAR plantations and most of their operations are in Indonesia consisting of
more than 488,000 hectares of palm oil plantations (including smallholder farm-
ers). In 2015, GAR updated its policy governing sustainability and launched the
GAR Social and Environmental Policy (GSEP). It covers the key economic,
social, and environmental issues facing the palm oil industry and serves as the
company’s main road map toward responsible palm oil production. In envisioning
sustainable progress for people and the planet, it is aligned to the SDGs. As a
signatory of the UN Global Compact through its subsidiary PT SMART Tbk.,
GAR is committed to working on and delivering the SDGs. GAR Sustainability

Milestone is shown in Fig. 10.2.
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Fig. 10.3 Fires and hotspots on PT AMNL’s concession in West Kalimantan in 2015

In 2015, the area burnt at PT. AMNL is 541 ha; which consist of nucleus planta-
tion 450 ha and plasma plantation 91 ha. Figure 10.3 shows the fires and hotspots on
PT. AMNL concession in West Kalimantan in 2015. Apart from that, the buffer zone
also burnt, as did conservation area 590 ha and area outside of concession 85 ha.
Most of the burnt area is peatland. There are eight villages located surrounding PT
AMNL: Nanga Tayap, Tajok Kayong, Siantau Raya, Lembah Hijau 1, Lembah
Hijau 2, Sungai Kelik, Tanjung Medan, and Simpang Tiga Sembelangaan. All the
communities in those villages identify as “traditional agrarian” and still use slash
and burn for land clearing.

There are two mechanisms for this “prevent and extinguish” fire program:

1. Build the forest fire prevention and forest fire extinguisher systems within the
company PT. AMNL through activities of fire prevention management to prevent
the forest fire on community.

2. Community Empowerment Program through implementation of Fire Free
Village (Desa Makmur Perduli Api [DMPA]) program.

The first activity was implemented entirely within the company, and the second
activity was implemented directly on the entire eight villages that are in the neigh-
borhood of PT. AMNL. The second activity of the Fire Free Village Program con-
sisted of two parts: Fire Alert Community program was implemented on eight
villages, and Integrated Ecological Farming program was implemented only in one
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of the eight villages surrounding company: Lembah Hijau 2 village. Both activities
of Community Empowerment Program involved multistakeholders: company, local
community, and local government.

Fire Management System

PT. AMNL (the company) has developed the forest and land fire prevention and
suppression system as shown in the Fig. 10.4. There are four systems working
simultaneously to ensure the forest and land fire prevention.

Community Empowerment Program Through Implementation
of Fire Free Village/Desa Makmur Perduli Api (DMPA)
Program

The Fire Free Village Program started as pilot project in February 2016 as the com-
pany’s response to the “2015 forest fire.” This program works through institutional
strengthening (capacity building) at village level, so the villagers are able to orga-
nize and coordinate prevention measures and extinguish all fires on forest, planta-
tion, and backyards. This program becomes highly important considering the impact
of forest fire to human life in terms of health, environment, social, and economics.

Fig. 10.4 Forest
management system within
PT. AMNL
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Fire Alert Community Program

The Fire Alert Community program was developed on eight villages coordinated by
PT. AMNL, with the program implementation stages as shown below:

Fire Alert Community inauguration

Socialization of Fire Alert Village program

Mapping of village border indicative

Formation and institutional strengthening of Fire Alert Community
Provision on infrastructure and equipment for Fire Alert Community (FAC)
Development of early warning system for forest and wildfire prevention
Socialization and campaign on forest and wildfire

Pilot Project of Zero Burning Land Clearing (ZBLC)

Monitoring, evaluation, and reward for Fire Alert Village

e o

Integrated Ecological Farming Program

The aim of this is to enhance the community capacity to sustain its food without
land burning. Land clearing by burning is ecologically unsound not only impacting
the ecology and degrading the land’s support systems over the long term but may
also trigger forest and wildfire disaster. To meet the primary need for food, the
Integrated Ecological Farming was developed as implementation of an agricultural
system based on Zero Burning Land Clearing (ZBLC) method. Integrated Ecological
Farming was promoted (mainly through Farmer Field Schools and Extension) as an
alternative technology for the traditional farmers, many of whom practice the tradi-
tion of cut/slash/burn. The field school demonstrated how to self-sustain farming
without using chemicals. It showed that there is an expenditure reduction when
using improved farming practices to grow the self-sustaining vegetables on the
backyard. These crops provide food security to the family through “own use,” and
any surplus can be sold to generate revenue and improve household incomes
(Box 10.1).

The pilot project for Integrated Ecological Farming program was conducted on
Lembah Hijau 2 village in Nanga Tayap district. Lembah Hijau 2 is the village
created to accept new settlers under the transmigration program as part of “new
Order era.” The first phase was in 1992 when people came from Java (Javanese and
Sundanese tribes). Most of the households have less than 0.5 ha of land to plant
vegetables, raise goats, pigs, cow and tilapia fish. The villagers have one coopera-
tive which is managed by four persons. In terms of education, this village has one
kindergarten and one elementary school. There is no medical doctor, but there are
two midwives and two traditional healers with two local clinics. There are 259 wells
which are in good condition to supply fresh water for the locals.
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Box 10.1 Several cases derived from the Integrated Ecological Farming
program

Case 1: Mr. Yatimin (60 years old)

Mr. Yatimin is an active member of learning farm Sinar Harapan Besides
actively maintaining a learning farm that is used for Farmer Field Schools,
he also replicates the knowledge he gained on his backyard. Since January
2017, he started applying the knowledge he gained from field school by
planting several vegetable crops (chili, spinach, morning glory, mustard
greens, green bean, and corn) using the intercropping method. In a total of
12 months (1 year) in 2017, the 300 m*garden from Mr. Yatimin produced
23.8 million IDR (~1779 US$). Pro rata in a month, it could bring value
from generated additional income and save the household expenses with the
amount around 1.98 million IDR (148 USS$).

Case 1: Mr. Bambang (34 years old)

Mr. Bambang was a farmer previously. He is an active member of the learning
farm Sinar Harapan. Since January 2017, he has planted the chili crop on his
300 m? backyard. With 6 plots, it produced 1 kilogram chili plot every week
which starts from the third month to 12 months. The chili price is 80,000 IDR
per kilogram. Within 1 year in 2017, Mr. Bambang could generate additional
income 19.2 million IDR (~1435 USS$) or 1.6 million IDR (~119.57 USS$) per
month.

Results of the GAR Fire Program

The Fire Alert Community program was highly successful as indicated by the
decreasing number of hotspots/fire spots from 2015 to 2018 (Table 10.2).

Conclusions

Rapid land use change (including expansion of the area for oil palm production) and
El Nifio-Southern Oscillation (ENSO) have resulted in recurring fires in Southeast
Asia in recent decades.

One of the significant sustainability issues in Southeast Asia is the frequency of
forest fire which occur yearly during dry season in Sumatra and Kalimantan island
of Indonesia. The forest fires in Indonesia are considered as climate disasters due to
the negative impacts in terms of GHG emissions, biodiversity loss, health, educa-
tion, agriculture, water, etc. Indonesia’s government has taken a step toward ratify-
ing an ASEAN Agreement on Transboundary Haze Pollution, which all 10 members
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Table 10.2 Hotspots and fire spots in 2015-2018

2015 2016 2017 2018

No | Villages Hotspot | Fire spot | Hotspot | Fire spot | Hotspot | Fire spot | Hotspot | Fire spot
1 | Lembah Hijau 1 8 9 0 0 0 0 1 1
2 | Lembah Hijau 2 6 2 0 0 0 0 1 1
3 | Nanga Tayap 51 40 13 0 3 0 3 2
4 | Siantau Raya 132 99 2 0 3 0 6 5
5 | Simpang Tiga 2 2 0 1 0 13 3

Sembelangaan

Sungai Kelik 11 5 2 0 3 0 13 4

Tajok Kayong 2 0 4 0 2 0 - -
8 | Tanjung Medan 1 1 1 0 0 0 - -

Total 213 158 23 0 12 0 37 16

already signed in 2002 (ASEAN 2015). The total GHG emissions are estimated to
grow from 1Gt CO, in 2000 to 1.8 Gt CO, in 2014. GHG emissions from peat fire
and LUCF grew from 0.5 Gt CO, in 2000 to 0.98 Gt CO, in 2014.

To overcome the forest, plantation, and wildfire, Golden Agri-Resources (GAR)
since 2016 took the initiative by working together with its stakeholders: local com-
munity and local government implementing “Fire Alert Village” program. The
study case reported here involves eight villages surrounding the palm oil plantation
company PT. AMNL located in Ketapang, West Kalimantan, and it belongs to
PT. SMART Tbk., a subsidiary of Golden Agri-Resources (GAR) company, one of
the largest palm oil companies in the world. The Fire Free Village (Desa Makmur
Perduli Api) program consists of three activities: Fire Management System, Fire
Alert Community program, and Integrated Ecological Farming program. The Fire
Management System was implemented within the company and fully organized by
the company itself. The Fire Alert Community program was developed through
community engagement to prevent the fire by formation of the Fire Alert Community.

The Integrated Ecological Farming program was socialization to the local com-
munity for noslash and burn by Zero Burning Land Clearing (ZBLC) by the devel-
opment of the Field School. The success indicator of the Fire Alert Village is the
reduction of the hotspots/fire spots, while the success indicator for the Integrated
Ecological Farming is the replication on the backyard from the Field School
participants.

The case study on the Fire Alert Community program shows that forest fire risk
can be reduced, so that people could realize the healthy environment which is free
from fire and haze. The hotspots were successfully reduced from 213 in 2015 to
37 in 2018, while the fire spots that were not detected by satellite were decreasing
as well from 158 to 16 within the same period. The participation of local govern-
ment as facilitator for the training and socialization, the funding from the company,
and the active engagement from the local community in the fire prevention training
and socialization could bring about prevention of fire and avoid a lot of loss
and damage.
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In Indonesia, the food production was highly impacted due to the climate change.
The crops productivity has declined in 2015 due to long drought caused by El Nino.
This is also exacerbated by burning the land as local tradition to clear the land
before planting. The local community in Kalimantan believe that fire is the most
effective tool in the existing practice of shifting cultivation that existed for hundreds
of years. Shifting cultivation is local wisdom where the plot of land was cleared
through fire and later cultivated to produce food crops for 1 and 2 years before mov-
ing to another plot. In this old technique, only man power alone could be used
without machinery for cultivation, and no chemical fertilizer was applied. However,
this shifting cultivation technique has a high risk in terms of generating uncon-
trolled fire that could be expanded by wind over a broader area within several hours,
especially in the drought season. The productivity of this technique of food produc-
tion is also relatively low compared with the modern agriculture techniques that rely
on machinery and chemical fertilizer.

Hence, there is an urgent action to invest in healthy environment that produces
food in sustainable way. One of the solutions is by engaging the community to Zero
Burning Land Clearing. It would bring enormous impact to the environment so as
enhance the food security. Food security and livelihood of the poor were vastly
improved by adoption and replication of integrated ecological farming approaches
into the community’s backyard.

The two case studies for the successful replication on integrated ecological farm-
ing illustrate the merits of intercropping method over monocropping. Crop diversi-
fication is an important climate change adaptation and vulnerability reduction
strategy that can, in the context of climate variability and extremes, help distribute
risk, increase productivity, and stabilize incomes of the smallholder farmers, thus
leading to food access improvement. This crop diversification that was implemented
by Mr. Yatimin brought 25% more value added in terms of economic benefit com-
pared with monocropping that was implemented by Mr. Bambang.

Before the pilot project Zero Burning Land Clearing, this area faced high prices
of food since most of the food comes from outside the region. Since 2016, the fo