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EXECUTIVE SUMMARY

Most West African countries span two or three major ecological regions including the Sahelian,
coastal, and tropical inland zones. Given this geography, the design and planning of climate
change adaptation approaches must consider the social-ecological dynamics of not only these
three major ecological regions, but also those of the transition zones between them.

In complexity science, social-ecological systems—encompassing spatially and functionally related
social, economic, institutional, ecological, and geophysical elements—have been conceptualized
to facilitate analyses of vulnerability and resilience. Agro-ecological zones, for example, can be
analyzed as social-ecological systems.

In West Africa agro-ecological zones are closely related to annual rainfall amounts, which
decline moving north from the southern coast to the Sahara Desert. Annual rainfall amounts as
well as the timing of the seasons vary significantly from year to year. More recently, however,
scientists have discovered that climate variability has also exhibited a strong decadal component
related to variations in global sea surface temperatures, with a wetter period in the 1950s to
1960s and a drier period in the 1970s to early 2000s.

In the Sahel, changes in total rainfall amounts are related to fewer rainy days and longer dry
spells within the season and not to reduced rainfall amounts per event or significant long-term
changes in the overall duration of the season. This decadal variability, unrelated to the overall
anthropogenic climate change and significant amplitude, is unique to the region and makes
detection and projection of climate trends related to anthropogenic climate change difficult.
Predictability and interactions between the decadal component and longer-term climate change
remain unclear.

Models agree on a long-term increase in temperature on the order of 2.5-3.5°C by the end of
the twenty-first century, but these strongly disagree on future precipitation. Other
characteristics of climate, such as the onset and length of the rainy season and the distribution
of dry spells within the season—which are critical for climate-sensitive sectors such as
agriculture—are even more difficult to project with confidence. There is some indication that
the rainy season in the Sahelian region might be delayed in the future and that extreme rainfall
events, such as droughts and floods, might become more frequent.

Because rainfall is so critical to rural livelihoods, future uncertainties and decadal scale
variations make it difficult to predict and plan for “most likely” scenarios. Governments and
donors will therefore need to adopt effective risk management approaches that involve
developing a robust and flexible portfolio of actions. These should be aimed at preventive risk
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reduction and risk transfer as well as response to events as and after they occur—as opposed
to adopting a single focus on any particular measure.

At the local level governments and donors will need to develop a climate change response
portfolio in collaboration with affected communities. These should be context-specific, respond
to clearly identified community needs and vulnerabilities, and empower affected populations to
develop, modify, and control their own approaches in order to adapt more quickly. At the
regional, transboundary, and national level, capacity-building efforts should aim to monitoring
agencies and research centers such as the Agriculture, Hydrology, and Meteorology Regional
Centre; the African Centre of Meteorological Application for Development; and university-
based groups working on climate change.

In addition to embracing a climate risk management approach, climate change adaptation efforts
in West Africa should seek to:

* Enhance climate-related technical, management, institutional, and governance capacity,
including improving information and monitoring systems;

* Question existing paradigms and support flexibility in ways that advance sustainable and
resilient development and encourage new response patterns;

* Address the underlying causes of climate vulnerability, including the structural
inequalities that create and sustain poverty and constrain access to resources and
markets; and

* Apply focused approaches that address specific priority contexts at multiple spatial and
organizational scales including key transboundary issues (e.g., river basin management) in
addition to promising economic activities and resource management options targeting
ecological transition zones connecting Sahelian, coastal, and tropical inland areas.

These guidelines are drawn from a recent report of the Intergovernmental Panel on Climate
Change (IPCC) about how to manage the risks of extreme events and disasters (IPCC, 2012).

SAHEL REGION

Water is a key and limiting factor in the semi-arid Sahelian region, where populations have
experienced a series of widespread droughts, most notably in the mid-1970s and mid-1980s,
that resulted in humanitarian crises associated with periodic famines, region-wide food
insecurity, population displacement, and migration. The rainy season (July-September) generally
starts abruptly, signaling the beginning of the farming season. Delayed rainfall onset, or early
retreat, shortens the growing season, thereby reducing productivity. Rainy seasons that last too
long often lead to floods and crop losses due to high humidity during the harvest and post-
harvest processing periods.

Models project temperatures in the Sahel to increase more than in the coastal region, and
agricultural modeling studies suggest that these will result in declines in the yields of a range of
staple crops. As stated earlier, however, precipitation is difficult to model, and existing models
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disagree on projected long-term evolution of annual rainfall amounts even though most project
a slight increase in the central Sahel and decrease in the western Sahel. A number of models
appear to agree that future climate variations could bring possible delays in the onset of the
rainy season as well as higher frequency of extreme events such as droughts and floods.
However, it is the confluence of temperature increases that will likely result in higher levels of
evapotranspiration (a combination of evaporation from land and water surfaces and
transpiration from vegetation). Coupled with precipitation changes, this will ultimately have the
greatest impact on traditional livelihoods because the combined effects will tend to reduce the
overall availability of water in those areas where rainfall does not increase.

Rainfall variability is highly amplified in river flow and surface water availability. Unsustainable
freshwater withdrawals are already impacting freshwater availability in the Sahel. Given the high
number of transboundary basins throughout the region, and their origins in tropical inland
areas, it is critical that all stakeholders develop well-researched and -planned responses to
future needs that will take into account all possible scenarios—as they pertain to agriculture,
hydropower, domestic consumption, and water resource management.

Pastoralist systems have traditionally been well-adapted to inter-annual rainfall variability.
Today, however, these systems are subject to multiple and conflicting pressures as a result of
agricultural expansion and changes in land management policy that have eroded traditional
transhumance passageways and grazing lands. One of the most prevalent forms of social conflict
in West Africa is the recurrent struggle between pastoral livestock herders and sedentary
farmers. Climate change is expected to impact and possibly worsen conflict dynamics between
these two groups. It is likely to impact conflict dynamics indirectly by altering pastoral mobility
patterns and reshaping pastoral livelihood portfolios in ways that increase friction with local
farmers.

Recommendations for the Sahelian zone:
Targeted investments:

* Support better management of transboundary watersheds using multi-stakeholder
approaches to avoid conflict over water resources given that surface water resources
often amplify rainfall anomalies (both droughts and floods) and given expectations that
there will be increased pressure on water resources due to population growth as well
as water demands for irrigation and the generation of hydropower-.

*  Where possible, advance breeding and improve management of drought-, heat-, and
waterlogging-tolerant crop varieties in both the agriculture and agro-forestry sectors.
Focus should be on those agricultural products most important to the region.

* Encourage continued seasonal migration to cities and coastal areas by generating
additional employment opportunities, while simultaneously developing policy options to
help people better cope with climate extremes in situ, which could help reduce distress
migration.
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No-regrets strategies:

* Invest in decentralized, small-scale water supply infrastructures, such as dams and
irrigation systems, to extend the length of the growing season.

* Identify opportunities to integrate climate risk management into regreening strategies
through an examination of existing efforts to support regreening through farmer-
managed natural forest regeneration.

* In collaboration with local communities and governments, explore innovative
combinations of the most promising options for agriculture, agroforestry, and
regreening to determine which are likely to be the most flexible and most sustainable
given continued uncertainty over the impact of climate change.

* Develop new livelihood opportunities for pastoralist populations and investigate how to
incorporate more livestock production into the livelihoods of populations that typically
rely on crops. This will help build resilience and improve nutrition by meeting regional
protein needs.

COASTAL ZONE

The climate in the coastal zone of West Africa is characterized by two main rainy seasons
during April-June and September—November. Vegetation ranges from evergreen broadleaf
forests along the coast to woody savannah farther north. The regional economy is heavily
dependent on perennial tree crops.

This region is more densely populated—especially the coastal stretch from Accra, Ghana, to
Lagos, Nigeria—and it sometimes experiences flooding and crop loss due to excessive
precipitation. Rainfall projections point to an increase in coastal precipitation during the longer
dry season (December—February). The impacts of climate change in coastal areas stem both
from extreme rainfall events and storm surges that result in floods and from sea level rise.

In recent decades, people have been migrating into areas at risk of sea level rise. Climate-
related stress is causing increasing hardship in the Sahel, which will likely drive more people to
migrate into these coastal areas, thereby altering current social, economic, and political
dynamics.

The expected impacts of climate change on the coastal fisheries of West Africa remain
uncertain, and the magnitude of these impacts relative to other important factors in coastal
areas is unclear (e.g., the impact of increased demand for fish as a food source due to
population growth).

Recommendations for the coastal zone:

Targeted investments:

* Improve geospatial data and data infrastructure to support urban planning and the
development of integrated coastal zone management plans that address risks and
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opportunities as they relate to: projected sea level rise; expected increase in frequency
of storms, storm surges, and floods; urbanization trends; and coastal wetlands
protection and management.

* Inform decision makers and the public about the risks and potential impacts of sea level
rise to guide land-use zoning and relocation of vulnerable populations.

* Improve monitoring of quality and quantity of freshwater aquifers in those coastal
regions threatened with salinization due to over-abstraction and sea level rise.

* Explore how to improve governance and institutional capacity to promote sustainable
fisheries landings while incorporating knowledge of potential climate change impacts.

No-regrets strategies:

* Support efforts to preserve, protect, and restore coastal wetlands (e.g., mangroves) to
buffer the impacts of storms that may increase with climate change. Design and deploy
effective technological and management mechanisms to mitigate and prevent the erosion
of coastal wetlands.

* Integrate the development of alternative income-generating activities into coastal
wetland management to relieve pressure from subsistence use of these coastal
resources.

* Examine the sustainability of expanding on- and off-shore aquaculture to increase fish
production as a regional food supply.

TROPICAL INLAND ZONE

The vegetation cover in tropical inland areas of West Africa ranges from woody to open
savannah. Economies are characterized by a mix of tree crops, annuals such as peanuts and
grains, small-scale livestock keeping, and, where available, inland fisheries. In this region
agriculture is not typically limited by rainfall, though year-to-year variations can cause
production shortfalls. Climate risk management in the tropical inland zone should focus on
projected increases in temperature. Although the coming decades may see the tropical inland
zone of West Africa greening in some areas, subsistence and commercial land use practices as
well as local- to global-level market demand and consumption may counter this effect.

Recommendations for the tropical inland zone:
Targeted investments:

* In order to support those agricultural products most important to the region,
encourage the breeding and improve the management of heat-resistant varieties and
advance farming practices more appropriate to hotter growing conditions (e.g., agro-
forestry and the cultivation of shade crops).

* Support better management of transboundary watersheds using multi-stakeholder
approaches to avoid conflict over water resources given that surface water resources
often amplify rainfall anomalies (both droughts and floods), and given expectations that
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there will be increased pressure on water resources due to population growth as well
as water demands for irrigation and the generation of hydropower.

No-regrets strategies:

In areas that could potentially sustain higher productivity, support agricultural
intensification and modernization through improved seeds (high-yielding varieties),
fertilizer inputs, tractor services, improvements in small-scale livestock production (e.g.,
vaccination campaigns), provision of micro-credit services to farmers, and improved
market linkages. This will help meet regional food needs. Sustainable agricultural
intensification and modernization will help to offset decreasing availability of agricultural
land and boost local employment.
Invest in decentralized, small-scale water supply infrastructures, such as dams and
irrigation systems, to extend agricultural production into the dry season and ensure

year-round farming.

Concentrate on transboundary programs that aim to promote and safeguard gains in
forested and reforesting areas in order to maintain biodiversity, natural resources, and
the variety of ecosystem services that support human livelihoods and wellbeing. This
approach could contribute to both climate change adaptation and mitigation.

Support carbon sequestration efforts in protected forests, tree crop plantations, and
wetlands through Reducing Emissions from Deforestation and Forest Degradation Plus
(REDD+) and carbon credits.
Take measures to control bush fires to prevent the destruction of economic trees,
crops, and other types of vegetation cover.

Recommendations organized by sector and issue are summarized in the chart
below.

Research Needs

Institutional and
Governance Capacity

Information & Monitoring
Systems

Technical and Management
Capacity

Agriculture

Study the probability of high-
impact scenarios to identify the
most vulnerable populations.

Empower farmers to actively
participate in problem solving.

Develop innovation platforms
that bring together value chain
participants and other
stakeholders to help strengthen
institutional capacity and improve
market access.

Provide functional credit and
insurance institutions.

Enhance the dissemination of
weather information to farmers
(e.g., seasonal forecasts).

Invest in water management to
benefit rain-fed agriculture in semi-
arid and humid zones.

Improve irrigation infrastructure and
distribution of seed, fertilizer, and
pesticides.

Breed resilient and flexible cultivars
for key staple crops.

Pastoralism
& Livestock
Production

Advance research on how the
expected negative impacts of
climate change on staple crop
production may affect livestock
owners who increasingly rely

Value local pastoral knowledge
and understanding.

Develop inclusive democratic
local governance capacity to

Improve climate forecasting to
provide intra-seasonal rainfall and
water resource information.

Provide herders with general

Rehabilitate degraded areas through
rangeland enclosures managed in
collaboration with local herders and
farmers.
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Research Needs

Institutional and
Governance Capacity

Information & Monitoring
Systems

Technical and Management
Capacity

on purchased feed inputs.

enfranchise livestock herders and
improve/secure pastoral herding
labor markets.

information about expected climate
change impacts to improve herder
decision-making.

Develop measures to support the
sustainable production and
marketing of supplemental livestock
feed.

Rivers and

Downscale the spatial specificity

Prioritize and strengthen

Through existing regional

Enhance data collection for historic

Water of water availability, stress, transboundary river basin monitoring programs (e.g., FEWS monitoring and modeling of future
Resources scarcity, vulnerability, and management and national/local NET), monitor for rapid changes in | water resources.
footprint indices. water resources management water supply that outpace the
organizations. ability for institutional response. Establish systematic climate and
river monitoring stations across
West Africa; link these international
standardized monitoring stations
with local research/knowledge
networks and water resources
management organizations.
Inland and Build on previous and existing Promote good governance and Advance use of remote sensing to Partner with multi-disciplinary
Coastal wetlands inventories and efforts | integrated management of inland | monitor land-use/land-cover change | networks of wetlands experts in the
Wetlands to identify priority sites for water resources. in both inland and coastal wetland region such as the Sahelian
wetlands conservation, areas. Wetlands Expert Group and the
monitoring, and sustainable Promote effective institutional Coastal Planning Network.
development in ways that and governance mechanisms to | Improve monitoring of the quality
consider different climate preserve/protect coastal and quantity of freshwater Ensure that wetland resource
change scer\arios (e-g, sealevel | \otlands from loss/degradation. | reservoirs located in coastal management is adaptive in the face
rise scenarios). regions threatened with salinization | of uncertainties in climate change
Support the development of due to sea level rise. outcomes.
Improve knowledge of wetlands regional wetlands management
biodiversity dynamics, including | jnstitutions to foster cross- Design/deploy effective
research on the potential border partnerships and technological/management
consequences of climate change | ;o peration. mechanisms to mitigate and prevent
for habitat species composition the erosion of coastal wetlands.
(e.g., potential for displacement
of native vegetation by non-
native invasﬁle plant s;);ecies). Prgv,de wetlanfis managers.wn:h
training on habitat restoration and
rehabilitation.
Improve knowledge of the
economic and ecological values
of wetlands ecosystems to Integrate the management of c<.)as.tal
inform development of mangrove forest ecosystems within
integrated management robust forestry management and
strategies and to increase mtegraFed coastal zone management
awareness of the economic and strategies.
ecological importance of
wetlands under climate change. Integrate alternative income
generation approaches and
alternative energy sources (to
reduce extraction of wood fuel) into
coastal wetland management to
offer alternative livelihood options
to populations subsisting on coastal
resources.
Forest and Identify opportunities to Examine existing efforts to Improve monitoring of land Improve the management of fruit
Woodlands | integrate climate risk support regreening in the Sahel, | use/cover changes and vegetation trees in agroforestry parklands to

management into regreening
strategies.

coastal zone, and tropical inland
areas through farmer-managed

cover dynamics.

improve rural livelihoods in the
Sahel.
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Research Needs

Institutional and
Governance Capacity

Information & Monitoring
Systems

Technical and Management
Capacity

natural forest regeneration.

Fisheries Examine the sustainability of Improve governance/institutional | Improve monitoring of regional Collaborate with multi-disciplinary
expanding on- and off-shore capacity to ensure that fisheries. networks of fisheries and
aquaculture to increase planning/management of aquaculture experts in the region
production and to promote fish | sustainable fisheries incorporate
as an alternative regional food knowledge of potential climate (e.g.. the African Fisheries Experts
source. change impacts under different Network).

scenarios.
Provide fisheries and aquaculture
managers with scientific and
technical training and mentoring
opportunities that promote
sustainable practices and raise
awareness of climate-related
vulnerabilities, potential climate
change impacts, and promising
coping strategies.

Human Improve hydrological models Support launch of the World Utilize the Early Warning Index and | Improve potable water supply, road

Health that simulate variations of Health Organization consortium | risk maps at regional scales for drainage systems, and sanitary
mosquito breeding sites to aimed at developing a meningitis epidemic onset conditions to alleviate outbreaks of
better understand and possibly | comprehensive policy framework | prediction in order to optimally waterborne infectious diseases (e.g.,
predict Rift Valley fever to provide a scientific and direct national and international cholera and typhoid).
transmission dynamics. evidence-based coordinated health policy.

response to the climate change Support cross-sectoral initiatives to
Research behavioral responses | 2daptation needs of African Improve the capacity of the public | reduce the risks of aflatoxin
of malaria vectors (Anopheles countries. health community to use climate- contamination/exposure in high-risk
melas and An. gambiae) to sensitive and environmental areas.
habitat transformations caused information for decision-making by
by sea level rise. providing platforms that bring Incorporate health considerations in
climate scientists, public health the development of adaptation
Research the effects of climate- researchers, and public health strategies that involve water
related human migrations on practitioners together to translate | parvesting/storage.
disease distribution. research into the evidence needed
by decision makers.
Advance research on the
pathways by which climate
impacts nutrition and food
security.
Advance research on the
human and livestock health
impacts of toxins produced by
fungi (mycotoxins).
Conflict & Provide sustained support for Promote climate change Recognize that climate change is Prioritize a range of existing
Security integrated climate science and adaptation strategies that more often a “threat multiplier” development programs to adapt to

social science research on
climate-security connections to
better understand the causal
pathways and mechanisms
linking climate variability/change
to societal instability/conflict in
the region.

Apply scenario approaches to

facilitate conflict management
and cooperation among social
groups through effective
institutional frameworks and
governance mechanisms.

Promote accountable,
transparent government
institutions to better meet

than a direct trigger.

Support efforts to establish regional
early warning systems for sudden
climate-related disturbances.

Increase USAID interactions with
the intelligence community to help
advance existing conflict monitoring

changing climate patterns.

Promote activities that bolster social
capital and civil society participation
in planning, implementation, and
monitoring of disaster risk
management and climate change
adaptation activities.
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Research Needs

Institutional and
Governance Capacity

Information & Monitoring
Systems

Technical and Management
Capacity

think about: unexpected and
potentially disruptive single
climate events; conjunctions of
events with common causes
occurring simultaneously or
closely in time; sequences or
cascades of events in which a
climate event leads to a series
of consequences; and
disruptions of globally
connected systems that support
human wellbeing.

citizen demands through regular,
peaceful means.

As a response to shrinking
pastoral resources, promote the
legalization, regularization, and
management of aerial forage to
feed livestock; this should be
done in collaboration with local
communities of herders/farmers
and with local governments.

Develop policies/practices that
support improvement of the
functioning and transparency of
pastoral labor markets to ensure
that conflicts involving wage-
earning herders can be managed
effectively.

and early warning systems in ways
that integrate climate-related
stress. Request analyses of high-
priority countries in the region.

Promote and participate regularly in
efforts to establish a system of
periodic “climate stress testing” to
assess potentially disruptive
conjunctions of climate events and
socioeconomic/political conditions.

Promote activities that target likely
causal pathways linking climate
stress and conflict.

Promote active management of
pastoral resource areas where
grazing is permitted but crop
cultivation is not.

Migration

Research past climate variability
and migration impacts as a way
to understand likely future
volumes of migration.

Research the effects of climate-
related migrations on disease
distribution.

Increase the governance capacity
of city and town planners and
managers in order to
accommodate likely future
increases in rural-urban
migration volume.

In the absence of “hard data” on
rural-urban and international
migration, there is a need for cross-
national survey research on
migration streams in West Africa in
order to better characterize the
flows.

Encourage continued seasonal
migration to cities and coastal areas
by generating additional
employment opportunities.




Background Paper for the ARCC West Africa Regional Climate Change Vulnerability Assessment

INTRODUCTION

This background paper provides desk research and analysis for a regional climate change
vulnerability assessment for the USAID/West Africa Regional Mission. It addresses climate
change impacts and vulnerabilities across multiple sectors and also covers regional
vulnerabilities around conflict and migration. Most West African countries span two or three
major ecological regions including the Sahel, the coastal zone, and tropical inland areas. Given
this geography, the design and planning of climate change adaptation approaches in West Africa
must consider the social-ecological dynamics of not only these three major ecological regions,
but also the transition zones between them.

The paper begins with a brief overview of the regional geography. This is followed by an
overview of the regional climate, discussing the observed climate and its variability, climate
projections, and current climate risk management institutions and activities. The paper then
presents climate change vulnerabilities by sector and issue covering the following topics:
agriculture, pastoralism and livestock production, rivers and water resources, inland and coastal
wetlands, sea level rise, forests and woodlands, fisheries, and human health. Next, the section
on regional and local challenges addresses conflict and migration in the context of climate
change. The last section offers a set of guidelines drawn from a recent report of the
Intergovernmental Panel on Climate Change (IPCC, 2012) followed by recommendations
presented by sector, issue, and subregion.

OVERVIEW OF WEST AFRICA GEOGRAPHY

West Africa is composed of |8 countries. Cape Verde is an archipelago of 10 islands. Burkina
Faso, Mali, Niger, and Chad are landlocked Sahelian countries; and Mauritania, Senegal, The
Gambia, Guinea-Bissau, Guinea, Sierra Leone, Liberia, Cote d’lvoire, Ghana, Togo, Benin,
Nigeria, and Cameroon possess low-lying coastal zones and tidal ecosystems exposed to
seaward hazards along the Atlantic Ocean as well as inland areas exposed to floods and
droughts (Figure |). Combined, these countries cover a total land and water area of
approximately 7.9 million km?.
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Fig. | Map of West Africa. Source: Center for Geographic Analysis at Harvard University, 2012.

The climate of West Africa varies from a humid tropical zone in the southern part of the region
to semi-arid and arid zones in northern areas bordering the Sahara Desert (Figure 2). Due to
latitudinal rainfall patterns, the landscapes of West Africa transition from tropical rainforest to
tropical moist deciduous forest, tropical dry forest, tropical shrub land (or savannah), drylands,
and desert with increasing northern latitude (FAO, 2000).
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Fig. 2 Climatic zones of West Africa. Source: OECD (2008a: 7).

The total population of the 18 countries discussed in this report is approximately 354 million,
of which more than 40% is under the age of |5 (Hiraldo, 2011; CIA, 2012). The annual
population growth rate is a high 2-3% (OECD, 2007). Life expectancy at birth ranges from 49
years in Chad and Guinea-Bissau to 71 years in Cape Verde (CIA, 2012). Cape Verde is the
most urban society with 61% of the total population living in cities, while Niger is the least
urban with only 17% of the total population inhabiting cities (CIA, 2012). An estimated 5 million
people in West Africa live between 0—3 meters above sea level (CIESIN, 2012a).
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Fourteen countries are currently members of the Economic Community of West African States
(ECOWAS): Benin, Burkina Faso, Cote d’lvoire, The Gambia, Guinea, Guinea-Bissau, Liberia,
Mali, Niger, Nigeria, Senegal, Sierra Leone, Togo, and Cape Verde (ECOWAS, 2012).
Mauritania was an ECOWAS member state but withdrew from the organization in 2000
(Williams and Haacke, 2008). ECOWAS’s objective is “to promote cooperation and
integration, with a view to establishing an economic and monetary union as a means of
stimulating economic growth and development in West Africa” (ECOWAS, 2007). Many West
African countries have high real gross domestic product (GDP) growth rates. In 2011, Ghana
was ranked second in the world with a real GDP growth rate of 13.5%, and Cote d’lvoire and
Senegal were ranked at 24 and 25 with 6.9% growth rates (CIA, 2012). There is also great
variation in poverty between countries. Seventy to 80% of the population in Chad, Liberia,
Nigeria, and Sierra Leone lives below the poverty line in comparison to 30—40% of the
population in Ghana, Togo, Cape Verde, Mali, and Benin (CIA, 2012). Politically there is
instability and volatility. The questionable legitimacy of recent elections in a number of
countries has resulted in protest and societal mistrust of government (Nossiter, 2012).

OVERVIEW OF CLIMATE

3.1.1 Average Climate

In the absence of significant mountain ranges and water bodies, rainfall and its seasonal shift are
the main climate drivers in West Africa. The distribution of climatic zones and vegetation, and
by extension cultivable areas, follows closely the distribution of annual total precipitation
(Figure 3), characterized by a latitudinal gradient sharply decreasing from the southern coastal
region where precipitation exceeds 1,500 mm per year, toward the Sahara where precipitation
is lower than 50 mm per year. The main departures from this pattern are two precipitation
maxima in the coastal regions, corresponding to the two main mountain ranges: (|) the Fouta
Djallon in the southwest and (2) the Cameroon line in the southeast of the region. A slightly
drier region called “V Baoulé” (centered on Benin) separates these two maxima. Availability of
water is the main limiting factor for agricultural and pastoral activities that are mostly rain-fed,
especially in the drier areas.' Thus climate analyses in the region mostly focus on rainfall.”

Y1n the Sahel, the 400—-500 mm of rainfall per year isohyet usually marks the limit of areas suitable for agriculture.

2 In the southern, more humid areas, excess of rainfall and flooding are the main climate threats.
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Fig. 3 Climatology of rainfall in Wést Africa. The map on the left shows average annual rainfall totals in mm per year. Source:
UNEP/GRIS, 2012.

Figure 3 (above) displays the mean seasonal cycle in three locations: (1) Ibadan in southwestern
Nigeria near the coast; (2) Ouagadougou, Burkina Faso, in the Sahel; and (3) Timbouctou, Mali,
in the Sahelo-Saharan region. Source: COMET Program, date accessed | | December 2012.

Higher annual precipitation totals in the coastal zone can be linked to a longer rainy season
while further north rain only occurs during a few months in the year, centered on July—
September (Figure 3, right). This seasonality is linked to the seasonal cycle of radiative heating
of the surface that follows the movement of the sun (reaching its northernmost location at the
summer solstice) and drives low-level atmospheric circulation and the West African monsoon.
In a nutshell, as the sun moves north, the air overlaying the warmest regions rises and is
replaced by air from neighboring regions to the north and south. Southern air is cooler and
moister, fueling rainfall, while the region of the uplift migrates northward and reaches its
maximum northern location in August before retreating southward. This leads to very
contrasted wind and moisture patterns between the July—September and January—March
seasons (shown in Figure 4) and a latitudinal migration of the rainbelt. Note that when the
rainbelt is in its northernmost location the coastal region experiences a break in precipitation,
referred to as the “little dry season;” even if atmospheric moisture levels are important, rainfall
and convection (updrafts fueled by warm air) are inhibited and the moisture is “exported”
further north. Thus, from a climatic point of view, a distinction is made between the
monomodal region (with one rainy season during July—September, corresponding to the Sahel)
and the bimodal coastal zone (with two main rainy seasons during April-June and September—
November; this bimodal zone is not strictly confined to the coasts and extends several hundred
kilometers inland) with a relatively narrow transition zone in between.
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Fig. 4 Climatology of near surface wind (arrows) and atmospheric moisture (shading, in g/kg) in West Africa. The left panel shows
the average over the January—March season; the right panel shows the average over the July—September season. Data source: NCEP
Reanalysis, average period 19812010 (Kalnay et al., 1996).

The rainy season in the north generally starts abruptly, a process that has been termed the
“monsoon jump” (Janicot and Sultan, 2001), signaling the beginning of the farming season in the
Sahel. The retreat of the rains to the coastal zone is more progressive. Even in the heart of the
rainy season, rainfall occurs in events separated by several days of rainless conditions known as
dry spells. The distribution of rainfall within the season has greater impacts on agriculture than
the overall seasonal total. The onset, cessation, and distribution of rainy days and dry spells
show strong year-to-year variations to which crop, livestock, and fisheries activities have
adjusted over long periods of time.

3.1.2 Current Climate Variability
Interannual Variability

Annual rainfall amounts vary strongly from year to year, and the relative departures from
average precipitation (the coefficient of variation) can exceed 30% in some areas.’ The
variations are usually consistent across very wide areas, as they stem from variations in the
whole West African monsoon dynamics. Dry years are characterized by weakening of the
monsoon circulation, thus reducing moisture advection and overall inhibiting the rainfall. The
latitude of the northernmost location of the rainbelt also varies from year to year. It is
customary to think of rainfall variability in terms of coastal and Sahelian regions being similarly
or inversely affected (Janicot, 1992). When similarly affected, both regions experience rainfall
deficit or excess during their respective peak seasons. When inversely affected, for example, a
longer excursion of the rainbelt to the north leads to a longer little dry season in the coastal

3 By comparison, the coefficient of variation in the eastern United States barely reaches 20%, and such high levels of variability
are only observed in arid Southern California and Arizona.
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area and thus to a rainfall decrease in the south compared to above average rainfall in the Sahel.
On the other hand, the rainbelt can be blocked in its northward movement, in which case the
Sahel receives little rain while precipitation is higher during the little dry season on the coast,
sometimes producing floods.

Variations in the strength of the West African monsoon and their impact on rainfall amounts
are directly linked to global sea surface temperatures (SSTs) (Folland et al., 1986; Ward, 1998;
Janicot et al., 2001; Giannini et al., 2003). SSTs in the Tropical Atlantic, south and north of the
equator, are directly associated with the seasonal location of the intertropical convergence
zone—the main rainbelt over the oceans—and with the meridional land-sea thermal contrast
that drives the monsoon (Servain, 1991). High SSTs in the western Pacific (associated with El
Nifio-Southern Oscillation [ENSO] events*) and in the Indian Ocean have been related to
rainfall deficits in West Africa (Palmer, 1986; Janicot et al., 1998; Janicot et al., 2001; Bader and
Latif, 2003; Giannini et al., 2003).

The annual or seasonal rainfall totals reflect the variability of intraseasonal rainfall characteristics
such as the onset, cessation, and distribution of rainy days and dry spells as well as extreme
rainfall events, all of which have profound impacts on livelihoods. Le Barbé et al. (2002) have
linked rainfall deficits to a reduced number of rainy days (larger number of dry spells) during the
season rather than to the average amount of rainfall per event or the overall length of the
season.

Depending on soil moisture conditions and plant development stages, long dry spells can have a
very strong negative impact on crops and their productivity. Prolonged dry spells after the first
rains usually require re-sowing, shortening the crop growing season. In the Sahel, delayed
rainfall onset or early retreat also shorten the growing season, reducing productivity, while
delayed retreat often leads to floods and crop loss due to high humidity during the harvest and
post-harvest processing. Similarly, if the rainbelt is blocked in its northward progression, the
coastal zone experiences flooding and crop loss due to excessive humidity.

Decadal Variability

The Sahel has been known for a series of widespread droughts with extreme impacts on food
security in the region and humanitarian crises, which can lead to displacement and migration
(see Migration section). The analysis of long-term rainfall time-series over the Sahel (Figure 5)
shows the interannual persistence of dry conditions starting in the late 1960s and lasting until
the 2000s, while the previous 50 years (roughly 1920-1968) were much wetter. These
oscillations, which occur in roughly 10-year increments, are referred to as “decadal variability.”
The coastal zone has not experienced the persistence of the dry conditions to the same degree,

*ENSO, although occurring in the equatorial Pacific, impacts rainfall and temperatures around the globe (Ropelewski and
Halpert, 1989; Halpert and Ropelewski, 1992). It affects the West African monsoon by modifying SSTs in the equatorial
Atlantic as well as the strength of the monsoon itself. More information about El Nifio can be found at:
http://portal.iri.columbia.edu/portal/server.pt?open=512&0bjlD=491&mode=2&cached=true.
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and a similar analysis (not shown) shows a stronger interannual variability there, although a
long-term decline is noticeable.

Sahel precipitation anomalies 1900-2012
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Fig. 5 Long-term evolution of seasonal rainfall in the Sahel. Bars represent rainfall averaged over June—October seasons (in
cm/month) over the area 10°-20°N, 20°W-10°E, between 1900-2012. Source: JISAO, date accessed | | December 2012.

Decadal variability of rainfall of this amplitude is unique to the region and has been initially
attributed to the local changes in vegetation and land use following the first droughts and their
subsequent feedback on monsoon dynamics (Charney et al.,, 1975). However, this mechanism
cannot explain sporadic increases in rainfall during the dry epoch as well as a more recent
return of rainfall to more average conditions. Thus the early claims that declining precipitation
in the region was due to a land surface feedback owing to land degradation from population
pressures have largely been put to rest (Kandji et al, 2006). Research since the 1990s has
demonstrably shown that the source of this decadal variability lies in the decadal variability of
global SSTs (Janicot et al,, 2001; Mohino et al, 2011) with a potential impact of the Indian
Ocean (Bader and Latif, 2003), while the vegetation feedback plays only a secondary role (Zeng
et al, 1999).

Long-term Trends

The existence of high amplitude decadal variability in the Sahel—and to a lesser extent in the
coastal region—masks potential longer-term rainfall and temperature trends in West Africa.
For example, the long-term evolution in temperature shown in Figure 6 (left, following page),
based on an average of |0 stations in the Sahelian region that have long-term temperature
records, coincides (inversely) with the decadal variations in rainfall over the same period, thus
their attribution to anthropogenic climate change is difficult. Figure 6 (right, following page) puts
this evolution in the context of temperature changes predicted by the models including and not
including anthropogenic atmospheric forcing. It is easy to see that current evolution seems to
take a “middle path.” Note also that temperature levels recorded over the past 20 years are
only slightly higher than the temperatures recorded in the 1920s and 1930s. Further monitoring
of temperatures is needed to assess the impact of anthropogenic climate change.
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Fig. 6 Long-term evolution of annual average temperature in the Sahel. The graph on the left displays a time series of departures
from the long-term average based on 10 long-term recording stations. The graph on the right shows the same time series (in blue)
overlaid onto multimodel estimates of temperature evolution with (red band) and without (blue band) anthropogenic forcing.
Source: Global Warming Science, date accessed | | December 2012).

Several modeling studies have attempted to discriminate between natural and anthropogenic
(i.e., attributable to global greenhouse gas emissions) causes of variability in the Sahel. If some
studies attributed the multidecadal drying of the Sahel to changes in atmospheric composition
(Biasutti and Giannini, 2006), others have shown that only 10% of the Sahelian drying in the
twentieth century was attributable to anthropogenic climate change and global warming, and
that long-term variations in SSTs, such as Atlantic Multidecadal Oscillation and Interdecadal
Pacific Oscillation, are significantly more influential (Mohino et al,, 2011). Most of the studies
highlight the current difficulty in robustly attributing and quantifying the role of competing
influences over the region (Lu and Delworth, 2005; Hoerling et al., 2006; Ting et al., 2009;
Caminade and Terray, 2010).

3.2.1 Methods and Challenges
General Circulation Model (GCM) Representation of West African Monsoon

Capturing the West African monsoon remains a challenge to climate modeling groups. The
ability of models to reproduce the main features of observed climate in West Africa remains
limited. Most models do not produce sufficient precipitation across the Sahel in summer
(Biasutti et al., 2008) although they tend to overestimate the length of Sahelian rainy season,
starting the monsoon too early and extending it too late (Biasutti and Sobel, 2009). They also
fail to reproduce the fast shift between the coastal and the Sahelian locations of the rainbelt.
Several important features of the monsoon itself are not well represented, mostly due to the
coarse resolution of the models (Cook and Vizy, 2006). Regional models seem to simulate a
more realistic West African monsoon although they still exhibit large biases in the extent and
timing of the rainfall (Druyan et al., 2010). In addition, observed climate variability in West
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Africa is only partially reproduced by the models. While the main connections to SST seem to
be captured by most of the models (Biasutti et al., 2008), Joly et al. (2007) found that decadal
variability and related SST are not present in most of them. Variability of the onset, cessation,
and length of the season are underestimated and a very high variation exists among the models.
It is difficult to narrow down the selection of models to use in deriving the projections because
the models that produce the best mean state (i.e., average precipitation) may inadequately
represent the variability and vice versa. Biasutti and Giannini (2006) also show that the models
that correctly capture long-term evolution of Sahelian rainfall in the twentieth century might
project strong but opposite evolutions for the end of twenty-first century.

3.2.2 Projections of Climate in West Africa

Figure 7 presents the summary of annual and seasonal temperature and rainfall projections for
Africa from the last IPCC Working Group | (WGI) report (IPCC, 2007a). All models project
an increase in temperature by the end of twenty-first century with a multimodel average of 2.5—
3°C in West Africa. The increase is projected to be higher in the Sahelian than in the coastal
region. The projections of rainfall point to an increase of coastal precipitation during the overall
dry season (December—February) and during the rainy season the central Sahel is projected on
average to get wetter while western Sahel is projected to be drier. However, the bottom series
of maps point to a wide disagreement between different models in West Africa, with models
splitting almost evenly between increase and decrease of rainfall. This spread between models is
an important element when assessing the uncertainty level of projected anomalies.

The projections of intraseasonal characteristics of West African monsoon are even more
difficult. It seems that models agree on a delay in the onset of the Sahelian rainfall (Biasutti and
Sobel, 2009; Cook and Vizy, 2012), but the change in the growing season length seems to be
limited to a band stretching across the Sahel but very limited in its extent (Ericksen et al., 201 1).
The general thermodynamic argument that a warmer atmosphere is capable of holding more
moisture suggests a general increase in the intensity of high-intensity rainfall events. The recent
report on projections of extreme events (IPCC, 2012) suggests that extreme daily precipitation
with current return periods of 20 years® might occur more often. However, the spread among
return time projections remains very high suggesting little confidence in this result. Conversely,
the overall increase in average temperature leads to the projection of strong increase in very
hot days in West Africa with much higher confidence. Temperature changes might have higher
direct impact on livelihoods in coastal and equatorial areas that currently experience lower
temperatures and might cross the 30°C threshold in the future and impact different crops,
while in the Sahel crops are more heat tolerant and temperature change will mostly influence
crops via evapotranspiration (Ericksen et al, 2011). Overall, potential increase in extreme
events is thought to further adversely impact climate-sensitive sectors and increase migration as
livelihoods may become unsustainable in some locations, thus increasing pressure in relocation
areas (IPCC, 2012).

> This occurred only once in the 1981-2000 period.
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Fig. 7 Temperature and precipitation changes over Africa from the MMD-AI|B simulations. Top row: Annual and seasonal
(December, January, and February; June, July, and August) average temperature change between 1980—1999 and 2080-2099,
averaged over 2| models. Middle row: Same as top, but for fractional change in precipitation. Bottom row: Number of models out
of 21 that project increases in precipitation. Source: IPCC 2007a.

Confidence Levels for the Projections

Figure 8 further shows the range of projected temperature and rainfall anomalies by different
models, under different emission scenarios and for two different time horizons. This view does
not allow for a differentiation between the Sahel and coastal zone but shows the level of
agreement among models. All the models agree on an increase in temperature by about 1°C
(+/-0.7) by 2030 and by 2°C (2.7°C resp.) in lower emission scenario by 2060, with a spread
among the models reaching 2°C. By contrast, rainfall averaged over West Africa seems to
remain stable on average with half of the models predicting an increase of about 5% by 2030
and 10-15% by 2060, and half predicting the inverse. Despite a potential limited change in
rainfall, the increase in temperatures may have large impacts on climate-sensitive sectors,
especially agriculture in zones that are currently already vulnerable.
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Fig. 8 Projected changes in temperature (left) and rainfall (right) by |9 individual models from IPCC AR4 WGI under different
scenarios and averaged over West Africa. Source: Foresight (201 I: 69).

Additional uncertainty as to rainfall evolution in the near future comes from its strong decadal
variability that is currently believed to arise independently of anthropogenic climate change and
is not well represented in models used to project the impact of anthropogenic emissions on
climate (cf. Decadal Variability section above). Its strong amplitude can mask for decades any
rainfall evolution related to climate change. The ability of models to correctly predict this
decadal evolution has only started to be investigated in a systematic way (Taylor et al., 2012).

Decadal changes with impacts over large areas have precipitated humanitarian crises, most
notably the great Sahel droughts of the mid-1970s and mid-1980s. Climate in West Africa, and
particularly in the Sahel, has been extensively studied and a number of initiatives exist at
regional and national levels to help manage the risk linked to high climate variability and
persistence of anomalies. The Permanent Interstate Committee for Drought Control in the
Sahel (CILSS) has been one of the main drivers of the initiatives at regional scale, with
institutions such as the Agriculture, Hydrology, and Meteorology Regional Centre
(AGRHYMET, an agricultural and hydrology meteorological research group) at the forefront.
The recent World Meteorological Organization (WMO) initiative established a Global
Framework of Climate Services and further fosters the development and use of climate
information in climate-sensitive sectors. It is widely recognized that early warning systems for
food security (i.e., USAID’s Famine Early Warning Systems Network and the United Nations
Food and Agricultural Organization’s (FAO) Global Information and Early Warning System)

have, in the past 20 years, contributed to a reduction in famine emergencies (Genesio et al,,
2011).

Some countries, mostly Sahelian, provide comprehensive monitoring products on the current
climate, water, agriculture, and food situation (including prices and farming advice) through
interdisciplinary working groups. National-level food security authorities exist in several
countries. A number of climate and weather products are issued at regional and national scales
such as: daily-to-weekly weather forecasts; |0-day-to-monthly weather and related drought,
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flood, pest, and disease alerts; and seasonal forecasts. In addition to agriculture and food
security, seasonal forecasts were successfully used in disaster preparedness and management in
the 2008 West Africa floods (Tall et al., 2012). There is a general awareness of climate-related
issues, and efforts have been made to build information and capacity at different stakeholder
levels. Interdisciplinary working groups in the Sahelian countries are good examples of
platforms needed to better develop, share, and use climate information in climate-sensitive
sectors. However, few institutions are making use of longer-term climate change scenarios in
their planning and development activities, and the management of climate risk is still more
reactive than planned.®

There are several key reports that summarize the availability of climate information and
regional climate monitoring capabilities (e.g., Afouda et al., 2007; Garrison, 2010; ACPC, 201 I).
According to a 2009 Integrated Regional Information Networks (IRIN) report, the WMO
stated that out of the 744 weather stations across Africa, only a quarter met international
standards and that Africa needs at least 3,000 weather stations evenly spaced across the
continent (Brahic, 2006; IRIN, 2009). The Garrison report prepared for USAID notes that
national-level Meteorological (Met) Offices are weak and often lack the capacity to translate
technical data into climate services to meet development needs. Local data collection is still
insufficient for advanced modeling, and regional coordination appears fractured across
numerous agencies and initiatives (IRI, 2006; Garrison, 2010; ACPC, 201 I).

CLIMATE CHANGE VULNERABILITIES BY SECTOR
AND ISSUE

4.1.1 Overview

Agriculture is a critical sector in West Africa due to its impact on GDP, food security, and
health. Owing to population growth and the socioeconomic conditions that constrain farm
productivity and intensification, agriculture is also a driver of land-cover change as farmers
move into new lands in order to ensure food security (PERN-PRIPODE, 2007). Three major
agro-ecological zones cut east-west swathes across the region, corresponding largely to climatic
zones, while a fourth, wetlands, is found both in inland and coastal areas. Farming systems and
food staple crops also follow a geographic stratification that mirror rainfall, vegetation, and soil
types (Figure 9).

® More detailed assessment of climate services can be found in Kadi et al. (2011).
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Fig. 9 Farming production systems (top) and food staple zones (bottom) in West Africa. Sources: Top map from OECD (2007c: 5)
and bottom map from Haggblade et al. (2012: | )

Cereal staples of maize, millet, rice, and sorghum dominate crop production. These crops are
of significant importance economically. They contribute to regional trade, food security, and
employment (owing to the large number of smallholder farmers) and have the potential to
generate revenue through value-added industries. Other important crops in the tropical inland
and coastal zones include cassava and yams, which are dietary staples, together with plantains,
groundnuts, and vegetables (Haggblade et al., 2012). Pulses such as cowpea provide both dietary
calories and protein and are used as “green fertilizers” to improve soil health (Thornton, 2012).
As cash crops, cotton and cocoa are large contributors to export revenues (Nin-Pratt et al,,
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201 1). Livestock production (covered in the Pastoralism and Livestock Production section)
constitutes almost half of the region’s agricultural GDP (OECD, 2008b) and works
synergistically with the cropping system through browsing of crop residue, livestock feed, and
manure production, which is often the only fertilizer input available (USAID, 201 1).

Drought conditions have shifted the areas suitable for rainfed agriculture (OECD, 2007c) and
have reduced the length of the growing period in Senegal, Mali, and Niger (Sarr, 2012). Delayed
onset of the rainy season is considered to be the primary cause of reductions in growing season
length (Sivakumar, 1988).

4.1.2 Crops

Although farming systems in West Africa have diversified roughly according to climatic zones,
the literature rarely takes the approach of examining agricultural systems in this manner, with
the exception of the semi-arid Sahelian zone, which has received more attention due to its
history of drought. Even in that case, focus overwhelmingly tends to be either on a crop or a
region within a specific country (e.g., Barbier et al, 2009; Armah et al, 2011; Tambo and
Abdoulaye, 2012; Haussmann et al., 2012; Srivastava et al., 2012). One notable exception is a
study by Fungo (2011) that examined nutrition and food systems in West and Central Africa
according to agro-ecological zones (semi-arid, sub-humid, humid forest, and inland
valley/mangrove swamps) and |3 types of farming systems identified by FAO.

Many of the crop varieties important to subsistence farmers are not heavily studied at mid-
latitude research institutions. In comparison to wheat, maize, rice, and soy, crops such as millet,
sorghum, cassava, groundnut, and yam receive much less research attention (Ruane, personal
communication, 2012). When one considers the great diversity of crops actually utilized by
subsistence farmers, this knowledge gap becomes even more apparent (Ruane, personal
communication, 2012).

Thornton and Cramer (2012) and the Consultative Group on International Agricultural
Research (CGIAR) Research Program on Climate Change, Agriculture, and Food Security
(CCAFS, 2012) discuss some of the relationships between climate variables and certain key
staple crops in West Africa. Cassava, cowpea, millet, and yam are considered to be drought
tolerant, but drought can increase the risk of viral disease in yam. Crops considered to be
vulnerable to drought include groundnut, rice, and sorghum (due to increased risk of fungal
diseases). Some of these crops are unable to deal with heavy precipitation and associated
waterlogging during the growing season, or at specific times within the season (particularly at
planting and harvest). Sorghum, millet, and maize have a relatively narrow optimum
precipitation range. Rice, on the other hand, has a wide optimum precipitation range. Extended
flooding and wet soils pose problems for cassava and rice and can increase root rot and
pathogens in yam. Millet, maize, and cowpea are also sensitive to waterlogging. Temperatures
above the maximum levels required for growth are a problem for all crops, but certain crops
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react more negatively to increases in daytime temperature (e.g, maize) or nighttime
temperature (e.g., rice) (Thornton and Cramer, 2012; CCAFS 2012).

A number of quantitative studies have attempted to assess the impact of climate change on
crops important to West African agriculture using econometric, empirical, and process-based
methodologies.” Significant limitations with respect to input data, methods, and assumptions of
the three types of crop/climate studies lend great uncertainty to their results, limiting their
predictive capacity. Econometric models that describe agricultural productivity resulting from
the relationship between farmers’ income, production systems, and environmental conditions
are strongly limited by the lack of crop yield data (Miller et al.,, 201 1; Roudier et al., 201 1).
Statistical models account for heterogeneity in farming systems, soils, and management inputs at
large spatial scales also used in the most widely used climate projections (Roudier et al., 201 1),
but like the econometric models, they are constrained by data availability (Ruane, personal
communication, 2012). Lobell and Burke (2008) found large uncertainties in average growing
season temperature changes and crop responses, suggesting that more research is required to
understand the effect of temperature on crop production. Moreover, these models have little
explanatory power, limiting their extrapolation to conditions under climate change (Muller et
al,, 201 I; Ruane, personal communication, 2012).

Process-based crop models (such as the widely used Decision Support System for
Agrotechnology Transfer [DSSAT]; Environmental Policy Integrated Climate [EPIC] Model;
Cropping Systems Simulation Model [CROPSYST]; Systéme d'Analyse Régionale des Risques
Agroclimatiques, version H [SARRA-H]; or Agriculture Production Systems Simulator [APSIM])
are able to capture the complex physiology of crop growth.! However, these models use
different levels of detail and have not been fully developed for most of the important crops in
West Africa. Furthermore, it is difficult to capture the wide variety of different conditions, soils,
and farming practices in the models. For instance, important factors such as local cultivars, CO,
fertilization,” and farmer adaptation practices may not be captured. Demand and supply patterns
affecting production are not taken into account (Challinor et al., 2007; Mdller et al., 2011;
Roudier et al., 2011; Ruane, personal communication, 2012). Nearly always, only a small
selection of available climate projections is used in impact assessments (Miiller et al., 2011). A
scale mismatch that requires downscaling of global climate data to the regional level further
adds to model uncertainties, and the use of regional climate models does not appear to
improve predictive capability (Oettli et al., 201 1).

7 We found only two quantitative studies on climate change impacts on West African livestock production, both econometric
(Seo, 20104, b). For more on climate change impacts on livestock, see the Pastoralism section.

8 SARRA-H has been tailored to West African crops and is being used in Senegal.

9 Plant species vary in terms of the response of photosynthesis to CO,. C3 plants (wheat, rice, soybean, cotton, cassava,
groundnut, and potato) respond well to higher CO, levels. C4 plants (maize, millet, and sorghum) are more
photosynthetically efficient under current levels of CO, concentration and thus are more negatively impacted under rising
emissions scenarios. However, as Miiller et al. (2011) note, the validity of findings for the CO, effect for larger regions and
entire cropping systems has not been tested.
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Miller et al. (201 1) illustrates the vast range of results for 14 quantitative studies of climate
change impacts on African crops (Figure 10). Yield impacts ranged from -100% to +168% in
econometric assessments, from -84% to +62% in process-based assessments, and from -57% to
+30% in statistical assessments.
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Fig. 10 Variations in projected ranges from 14 studies of climate change impacts on African crop yields, expressed as a change in
percent relative to present conditions. Bar widths indicate spatial extent of the projection and color depicts methodology. Source:
Miiller et al. (2011: 4314)

A survey of findings from |6 statistical and process-based models analyzing West African crops
by Roudier et al. (201 1) also shows a wide variation of results, ranging from a decrease in yield
of -50% to an increase in yield of +90%. Despite the wide variance of results, median values of -
8% for Sahelian countries and -13% for Guinean countries are considered robust since both
types of models result in negative yield values. According to the authors, “The consistently
negative impact of climate change results mainly from the temperature whose increase
projected by climate models is much larger relative to precipitation change. However, rainfall
changes, still uncertain in climate projections, have the potential to exacerbate or mitigate this
impact depending on whether rainfall decreases or increases” (Roudier et al.,, 201 1: 1073).

CGIAR’s CCAFS (2012) compared the current spatial production in West Africa of cassava,
millet, rice, sorghum, maize, and cowpea and their climatic thresholds in order to determine
where crop growth may be limited by future climate, paying particular attention to the Sahel.
Results are open to question due to uncertainties in climate projections and the lack of crop
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level data to verify results against observed yields. Temperatures within the current cultivable
area for cassava will increase, while the northern growth limit may extend into the Sahel. There
is even greater uncertainty in the future spatial extent of cowpea production. For rice, shifts in
cultivation area are uncertain, but since rice has a fairly wide optimum precipitation range, the
increasing temperatures projected are assumed to improve growth conditions. The potential
cultivable area for millet is projected to expand both northward and southward. Sahelian
cultivation of sorghum will be affected by rising temperatures, while maize production will be
relatively unaffected. The CCAFS study also noted that if total precipitation decreases, which
will already stress these crops, the increase in intra-seasonal variability of precipitation will
provide a further challenge to their cultivation.

Relatively little has been done to study the effect of climate on crop biotic stress caused by
weeds, pests, viruses, and pathogens (Gregory et al., 2009). These stresses cause as much as
50-60% yield reduction (Nin-Pratt et al., 2011). It is necessary to further investigate the effect
of climate on crop biotic stresses to further determine yield impact (Miiller et al., 201 I; Ruane,
personal communication, 2012; Thornton, 2012).

Ericksen et al. (201 1) conducted a spatial analysis using food security and vulnerability indicators
(measuring exposure, sensitivity, and capacity to cope with shocks) together with climate data
in order to identify food security “hotspots,” i.e. areas where “flips” in conditions conducive to
crop production could be expected to occur with areas of vulnerable populations. Figure 11
(left) shows areas with a strong probability of a greater than 5% change in length of crop
growing period (LGP) with vulnerability indicators, while Figure |1 (right) shows areas where
rain per rainy day decreases by more than 10%. In both maps, the key areas of concern are
colored in dark red (areas of high exposure and low capacity to respond) and light red (areas of
high exposure and relatively higher capacity to respond).
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Fig. | | Areas with >5% change in LGP (left). Rain per rainy day decrease >10% (right). Source: Ericksen et al. (201 I: 29, 32).

32



Background Paper for the ARCC West Africa Regional Climate Change Vulnerability Assessment

Farmers have developed mixed farming systems to buffer against the risk of crop failure and to
increase their income and assets in both the Sahelian (crop-livestock systems) and coastal zone
(crop-livestock-tree systems) (OECD, 2008b). Jones and Thornton (2008) suggest that as areas
already marginal for cropping become increasingly less productive under many climate change
scenarios, farmers may shift from cropping to increased dependence on livestock.

The Agricultural Model Inter-Comparison and Improvement Project (AgMIP) under the
sponsorship of the UK Department for International Development and the U.S. Department of
Agriculture (USDA) seeks to link improved crop and economic models with climate data by
working with multiple crop and world agricultural trade modeling groups around the world. It is
expected that this will: a) address current gaps with respect to livestock, pests, and pathogens;
b) lead to model improvement and better inter-comparison ability; c) provide the necessary
data as well as the ability to test adaptation and mitigation strategies across a range of scales; d)
build monitoring and early warning systems; and e) inform water allocation. A fast-track study
in Senegal is expected to produce some results in early 2013, but more complete results and
capacity are not expected until spring 2014. Pilot programs involving research on millet,
sorghum, and groundnut will help to advance important West African crop research (Ruane,
personal communication, 2012).

4.2.1 Background

Livestock production represents an important component of livelihood portfolios across all of
West Africa’s ecological regions. In addition to being a critical productive activity, livestock
rearing holds a great deal of cultural importance for certain social groups in the region,
especially in the higher latitude, semi-arid areas such as the Sahel and the Sudano-Sahel (Niamir-
Fuller, 1999). Livestock production takes a variety of forms across the West African ecological
gradient, ranging from nomadic extensive grazing in the arid far north to sedentary intensive
systems in the sub-humid areas in the south. Most livestock production in West Africa relies on
some combination of geographic mobility and sedentary production.

Herein, pastoralism is defined as livestock management that includes some degree of geographic
mobility. Pastoral mobility is essential to dryland livestock production due to highly variable
ecological conditions that characterize dryland areas. Long distance mobility (>100 km) is
required to access: highly productive semi-arid rangelands (where agricultural pressure is
lower) during the rainy season; and crop residue, aerial forage (trees), and permanent water
sources during the dry season. Short distance mobility (<25 km) is utilized to move herds away
from cropped areas to reduce the risk of crop damages, away from riverine habitats that host
livestock diseases such as animal sleeping sickness (trypanosomiaisis) (Bassett and Turner,
2007), and to exploit local-scale grazing opportunities and ecological niches.
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Pastoral mobility has long been employed as a dryland production strategy and will continue to
be central to pastoral livelihoods in the foreseeable future. However, the context for pastoral
mobility has changed as dryland populations have grown, crop agriculture has expanded, social
relations have evolved, and livelihood strategies have been modified accordingly. As a result of
these changes, pastoralists must now adapt to greater competition for land and water; employ
more intensive, market-based activities; and recalibrate their political strategies for securing
resource access and resolving conflicts (see also the Herder-Farmer Conflict subsection in the
Potential for Conflict section). All of these livelihood components are complicated and
potentially threatened by regional climate change through its effects on natural resource
conditions (including crop productivity), commodity prices, human and livestock mobility
patterns, and many other factors.

4.2.2 Climate Change Direct Impacts

In light of the high degree of uncertainty of regional climate models (as described in the
Overview of Climate section of this report), this section considers published scenarios and the
likely impacts of precipitation and temperature changes on regional livestock production. There
is not yet an agreement on the direction of precipitation change in West Africa, although some
increase in the intensity of rainfall events is considered likely (Ericksen et al., 2011). Stronger
agreement exists in the climate modeling community that regional temperatures will increase
over the next 50 years.

Considering a set of climate models that predict a reduction in rainfall in the Sahel over the
next 50 years, Hein et al. (2009) construct an ecological-economic model that suggests
decreased rainfall combined with increases in rainfall variability in the Sahel will reduce incomes
among pastoralists and require destocking to reach efficient grazing levels. Destocking is a
controversial strategy that has been unsuccessfully attempted in the past. Scientific studies have
shown that livestock densities in drylands rarely reach carrying capacity and that compelling
pastoralists to reduce their livestock holdings can lead to unnecessary suffering and increased
vulnerability to climate shocks (Turner, 1993).

In terms of periodic drought, a study conducted by Herrero et al. (2010) in East Africa found
that drought recurrence every five years keeps livestock levels stable, while increasing
frequency to every three years substantially, and possibly permanently, reduces livestock
densities in Kenya. It is worth noting, however, that livestock densities have always varied with
climate fluctuations in dryland areas. Lesnoff et al. (2012) find that recovery time following
droughts is extremely variable. This variability of recovery time has implications for the impacts
of droughts across different socioeconomic groups, as wealthier livestock keepers will be able
to expend capital to rebuild their herds more quickly and easily than poorer ones.

Another effect of climate change on regional precipitation is the loss of peak August rainfall
(Nicholson, 2005; Lebel and Ali, 2009) and increased frequency of rainy season “mini-droughts”
and intense rainfall episodes, which are already reflected in local, non-expert accounts of
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climate change (Roncoli et al., 2002; West et al., 2008). Intra-season changes in precipitation
have important impacts on crop production, which indirectly affect livestock production
through pricing, availability of crop residue and fodder, and the potential for continued
extensification of cropped areas. In the Sudano-Sahel, the livestock sector is considered to be
less sensitive to climate change than the rainfed crop production sector (Mertz et al.,, 2010).
Livestock production is more viable than rainfed crop production in drier conditions and can be
moved in response to spatiotemporal changes in resource availability. However, given the
increasing reliance of livestock production on feed inputs, the expected negative impacts of
climate change on staple crop production (Burke et al., 2009; Miiller et al., 201 |; Roudier et al,,
201 1) will likely impact livestock owners as well, especially considering the number of West
Africans who rely on both livelihood activities. This topic deserves further study.

Changes in intra-seasonal precipitation patterns shape the relationship between the timing and
location of grazing bouts and rainfall events (Hiernaux, 1984; Turner et al., 2005). For instance,
these rainfall changes may affect the ability of vegetation to grow following the typical periods of
heavy grazing at particular sites, and they may accelerate transhumance movements (increasing
probability of crop damage) when late season rainfall falls off abruptly. Another impact on
livestock production occurs when, by affecting grazing impact on vegetation growth, more
concentrated rainfall results in a shift in species composition toward short-cycle forbs and
grasses. Furthermore, changes in intra-seasonal precipitation affect the distribution and
availability of ephemeral water sources, which could potentially increase the importance of
boreholes and deep wells, involving associated tenure and governance issues. As pointed out by
Thornton et al. (2009), climate change will substantially impact groundwater levels and runoff,
which feed these water sources."

Thornton et al. (2009) and Lohmann et al. (2012) emphasize the decisive importance of
precipitation regimes on future changes in vegetation resources. Increased CO, levels and
temperature, all other things being equal, will increase plant productivity (Thornton et al,
2009), but when coupled with reductions in rainfall, the opposite takes place. Length of growing
season will also be affected by the interactive changes in rainfall and vegetation with potential
negative impacts on livestock production (Ericksen et al., 2012). In terms of vegetation
productivity, Butt et al. (2005) report that a predicted hotter and drier climate in Mali (2010-
2030) will cause forage yields to decline by 5-36% and livestock animal weights to drop by 14—
|6%. These predictions are largely applicable to other parts of semi-arid and sub-humid West
Africa. In another study conducted by Stige et al. (2006), analysis of animal slaughter weights—
under climate vulnerability models based on the ENSO and North Atlantic Oscillation (NAO)
weather variability models—indicates a decrease in slaughter weight of goats following years
where NAO has negatively impacted crop production; such significant changes were less
detectable in cattle and sheep.

¥ Thornton et al. (2009: 118) note that “attempts to quantify the impacts of climate change on water resources in the land-
based livestock systems in developing countries are fraught with uncertainty, particularly in situations where groundwater
accounts for a substantial portion of the supply of water to livestock, which is the case in many grazing systems.”
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Climate changes will impact vegetation types in different ways. Competition between C3 and
C4 plant types will change, which will affect the balance between grazing and browse rangelands
resources. C3 and C4 refer to different biochemical mechanisms for carbon fixation in plants.
C4 plants have a competitive advantage at high temperatures and during droughts. Not only will
vegetation changes influence livestock species composition (cattle versus small ruminants), it
will also impact livestock nutrition as C4 plants are less nutritious in terms of crude protein
than C3 varieties (Thornton et al., 2009). Thornton et al. (2009) explain that increased
temperatures lead to more lignification of plant tissues and less nutrient availability for livestock
and point out that little research has been done on this issue in the tropics. Drier conditions
will also favor annual over perennial grass species with implications for dry season livestock
forage since the annual varieties are of lesser pastoral value than perennial grass species (Le
Houérou, 1989).

Lohmann et al. (2012) look at this issue by integrating grazing pressure into an ecohydrological
savannah model. Their results emphasize the negative consequences of drier conditions for
rangeland productivity and that the loss of perennial grasses can eventually lead to shrub
encroachment and overall land degradation, loss of biodiversity, and reduced system resilience.
However, it is worth pointing out that the semi-arid rangelands of West Africa are highly
resilient. In a long-term field study of Sahelian rangelands in the Gourma district of Mali,
Hiernaux et al. (2009) show how vegetation returned following the 1984 drought, first through
pioneer woody plant recruitment, followed by some diversification since the mid-1990s and,
over the long-term, a potential return to previous composition. This and other studies offer
valuable policy lessons: destocking, especially in semi-arid to arid areas, is not likely to be
necessary or encouraged; and, similarly, geographic mobility must continue to be promoted in
order for livestock to move between patches of vegetation in varying states of recovery
following periods of drought.

4.2.3 Agricultural Expansion and Resource Competition

Agricultural expansion is the principal threat to livestock mobility in dryland West Africa. It
interrupts or completely blocks seasonal pastoral movements, as evidenced in Senegal by the
shift from a north-south trajectory oriented toward the Ferlo rangelands to an east-west
trajectory that follows the Senegal River (McPeak, 2011). Thus, agricultural expansion
contributes to farmer-herder conflict as pastoralists find it increasingly difficult to avoid
movement of livestock through croplands. This is a longstanding problem, but one that still
consumes considerable political resources in rural West Africa and undermines the social
relationships that are needed to build inclusive local institutions.

Agriculture expansion often comes at the expense of grazing areas, which can contribute to
local-scale overgrazing and even undermine soil fertility, which depends on manure inputs to
maintain nutrient balances, especially under land scarcity (Powell et al., 2004; Turner et al.,
2005). Agricultural expansion also leads to significant ecological changes that impact livestock
production by causing a shift from perennial grass species, (e.g., Andropogon spp.) that are
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highly palatable for cattle to annual varieties when land is cultivated and then left fallow for less
than five years."" Not only are these annual species of lesser pastoral value, they are also
intolerant to fire (Le Houérou, 1989). In sub-humid areas (south of 14° N latitude), dry season
fires affect a large portion of the landscape and instead of regenerating perennial grasses and
providing rich livestock fodder, they now eliminate annual grasses until the following rainy
season.

West African livestock producers are adapting to agricultural expansion in several ways. During
the dry season, they increasingly rely on aerial forage through the lopping and pruning of trees
(Gautier et al., 2005),'? purchases of feed supplements such as cottonseed cakes (Moritz, 2010)
and crop residues (Ramisch, 1999), herd size reductions, and shifting to small ruminants like
sheep and goats. Although branch lopping can be done sustainably, it is widely seen, especially
among local farmers, as an ecologically destructive practice. It greatly contributes to animosity
toward livestock herders, especially in relation to species such as bamboo, which are also
heavily used by farmers. The creation of sustainable aerial forage production methods and rules
should be considered a principal area of intervention for climate resilient livestock development
in West Africa. The purchase of feed supplements, or “cut and carry” pasture, plays a growing
role in West African livestock production as, in many places, extensive rangelands are no longer
adequate to support existing herds. This ties pastoralists more closely to markets and can cause
them to reduce their herd sizes due to the capital requirements of feed purchases, which can
also drive poorer herders to move out of livestock production altogether to become hired
herders or smallholder farmers. Aerial forage and purchased inputs are likely to increase in
importance for livestock herders in eastern Senegal and other parts of the Sudano-Sahelian
zone of West Africa.

4.2.4 Intensification/Diversification of Livelihoods

It would be worth investigating the barriers that herders face to accessing the inputs they need
and whether new livestock feed supply chains should be supported or developed. Crop residue
is necessary but inadequate as dry season livestock feed. Farmers who hold their own livestock
will typically reserve their post-harvest crop residue for their own animals. Moreover, farmers
who are angered by uncompensated crop damage will often rather burn their residue than
allow access to pastoralists. Finally, crop residue that is removed from fields to feed livestock
represents a soil nutrient loss that must be compensated for in order to maintain crop
production levels (Powell et al., 2004).

"' Perennial grass will regenerate following cultivation only after a sufficiently long fallow period. The droughts of the 1970s and
1980s also contributed significantly to the elimination of perennial grasses, especially in the northern extreme of their
range.

12 Note the difference between the cutting of small shrubby trees (Acacia spp.) for browsers (goats) and the lopping of
branches from larger trees for both cattle and small ruminants/browsers.
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Among the Fulani, the principal pastoral ethnic group in eastern Senegal, a shift from cattle to
small ruminants will require overcoming a significant cultural barrier since cattle represent such
a central part of the group’s identity. An alternative to shifting from cattle to small ruminants, a
shift that represents a significant loss in material and financial wealth, is agro-pastoralism. Not
only does agro-pastoralism allow pastoralists to produce their own grain, feed supplements,
and/or cash crops, it also allows them to access the benefits of local citizenship such as schools,
markets, health clinics, and political resources (cf. Fratkin, 2012, for description in East Africa).

Sedentarization does not eliminate mobility-based livestock production. The lack of local
pasture around settlements obliges livestock owners to send at least some animals on
transhumance, which creates a labor bottleneck since at least some of their household
workforce becomes occupied with farming or other forms of employment. In Cameroon, this
has translated into pastoralists relying on hired labor to manage their herds, which poorer
pastoral households are unable to afford and thus must significantly reduce their herd size
(Kossoumna et al., 2010). The same labor constraint can also negatively impact rangeland
conditions, as research has shown that the feed supplied to livestock declines in quality with
reduced investment in herding time and effort (Turner et al., 2005).

4.2.5 Responses and Adaptations

Livestock keepers in dryland West Africa are highly resilient to climate shocks and long-term
environmental change (Mortimore, 2010). Many of the previously described adaptations to
agricultural expansion (aerial forage, feed supplements, livestock species shifts, and agro-
pastoralism) are also important responses to climate change. Destocking and the gradual
rebuilding of herds will continue to be principal responses to serious drought among
pastoralists. It is worth noting, however, that the recurrent droughts of the 1970s and 1980s
led to long-term changes in the Sahel's pastoral economy; after losing their herds, many
pastoralists became wage-earning herders for absentee livestock owners, or they moved south
to continue herding and/or to practice agro-pastoralism. Recognizing these types of long-term
socioeconomic changes, extreme droughts should be seen less as cyclical events and more as
part of a historical process that leads to both sudden shifts and incremental changes in
livelihoods (cf. Bassett and Turner, 2007).

Livestock producers are vulnerable to the same climatic shocks as they always have been, and
mobility plus destocking continue to be their principal response strategies. However, their
adaptive capacity has permanently changed as they have taken up cultivation, secondary income
generation activities (e.g., petty trade), and livestock husbandry more focused on commercial
production (Dieye and Roy, 2012). In terms of vulnerability to climate change, the effects of
these changes are positive (increased livelihood diversity) and negative (less labor available for
herd mobility). A key question remains whether, on balance, overall vulnerability is increased or
decreased by these changes. Under current conditions of resource scarcity, land competition,
intensive production, and diversified market-based livelihoods, one could argue that
vulnerability is increased by the absence of government support for rural livelihoods. Laws and
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decrees are enacted to enhance crop and livestock production but comprehensive, sustained
intervention in rural areas is not carried out. This lack of action on the part of authorities has
likely been made worse by structural adjustment and perhaps, more recently, by the
decentralization of political power.

It is important to consider how much the socioeconomic changes currently underway in the
West African livestock sector will increase the likelihood of maladaptation (Barnett and O’Neill,
2010) to the worst case regional climate scenarios. One example is the increasing emphasis on
milk production as a poverty reduction strategy and income-generating activity for West
African pastoralists. Milk production is negatively impacted by hotter and drier conditions
(Thornton et al,, 2009), therefore agricultural extension research in places like Senegal must
account for climate change as they work to build a regional dairy industry."

Although many pastoralists are increasingly taking up crop production, Jones and Thornton
(2009) indicate that the reverse might be a necessary adaptation in parts of semi-arid Africa by
2050 if certain climate change scenarios occur. Not only would this shift from crop farmers to
livestock keepers represent a drastic change in West African agrarian economies, it also
suggests that putting resources into crop agriculture rather than livestock as a development
strategy may be shortsighted in certain areas. Mcintyre et al. (2011), for example, argue that
projects to support irrigated and rainfed rice production in Senegal may not be viable in the
longer term due to climate change. If cropping does lose its viability in the drier parts of the
region, pastoralists will be in a much better position to adapt than peasant farmers, of which a
larger number would likely move to urban areas rather than take up livestock keeping as an
alternative.

In all but the worst case climate change scenarios, a livelihood portfolio based on cropping and
livestock is likely for both pastoralists and farmers. Climate change adaptation strategies must
focus on livelihood and production systems that combine markets, mobility, and opportunities
for intensive crop and animal production. This will include several measures that are currently
underemphasized or entirely absent from livestock-oriented projects.

Rangeland degradation, particularly the loss of perennial grasses, is widespread in semi-arid
West Africa and a major constraint on sustainable, mobility-based livestock production. The
time is long overdue to link livestock corridors, which are a popular and necessary project
component, with local-level grazing exclosures, or “zones de paturage” (Homann et al., 2008).
These projects are rife with socio-political pitfalls that lead to their failure, but they nonetheless
merit increased attention and resources, particularly in collaboration with local governments.

Sustainable livestock feed production, especially in peri-urban areas, is another important
measure. Attention should be placed on whether the use of supplemental livestock feed (e.g.,

13 Increasing intensification of dairy systems in the developing world, through the use of temperate-breed genetic stock, could
lead to greater vulnerability to increasing temperatures (Thornton et al., 2009).
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for animal-fattening operations) is sustainable and nutritionally efficient (Diogo et al., 2010). As
urban demand for meat and milk grows and is increasingly an important activity for livestock
holders, the degree to which existing feed sources are adequate should be investigated. This
includes annual crop production and agroforestry designed to produce livestock feed. These
areas have been the focus of considerable research (cf. Dongmo et al., 2012) but, to take hold,
they must be economically viable for farmers to invest their scarce labor. Development of
markets for livestock feed will likely help make this happen.

Climate forecast information is not currently very useful for pastoralists, who need information
on the timing of rainfall and its intra-seasonal variability (Kitchell, personal communication)
although it is unclear whether this is even possible with existing climate models. The French-led
African Monsoon Multidisciplinary Analyses project might be gaining insights along these lines
(Genesio et al., 2011). Similarly, projects that broadly diffuse information about resource
availability (water and pasture) should be approached with caution. Pastoralism is a socially
stratified activity and information diffusion risks favoring larger, commercial herds to the
detriment of local smallholders. Further, information provided as a public good may lead to
overexploitation if too many herders/livestock move into a specific area. Educational
information about climate change should be disseminated over the radio as a way to inform
local peoples' longer-term decisions and livelihood planning. Although support for rural radio is
strong in Senegal, climate change-focused programming appears to be lacking.

To improve governance, pastoralists must increasingly become integrated into local political
communities in which they have historically operated as outsiders (Brottem, in prep.).
Decentralization provides them with an opportunity to achieve this, but in many cases external
support will be required due to limited local government capacity and recalcitrant peasant
communities. This will likely be an incremental process, but should include specific, tractable
measures. The payment of local taxes by transhumant herders should be facilitated (farmers and
authorities in transhumant herders’ home areas often resist this). This should lead to the
establishment of more robust channels of accountability between elected local authorities and
transhumance herders. Central governments could create financial incentives for municipal
governments to establish and enforce land management plans that protect herd mobility.

Finally, perhaps obviously and arguably most importantly, Mortimore (2010) stresses that the
adaptation policy must take local pastoralist knowledge carefully into consideration to avoid
two pitfalls: (1) repeating many of the top-down mistakes of the 1970s; and (2) perpetuation of
the split between climate change adaptation and poverty reduction measures. Ayantunde et al.
(2011) present a set of indicators of pastoral sustainability that includes the preservation of
pastoral traditions and indigenous knowledge, which risk being lost through integration,
urbanization, and marketization.
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Scientific uncertainty around future rainfall and its likely impact on the water balance of West
Africa’s river basins is a major challenge. Precipitation outputs for GCMs for the region have
been inconsistent (Afouda et al., 2007; IPCC, 2008; Oguntunde and Abiodun, 2012; Parish et al.,
2012). Uncertainty is greatest in the Sahel region, with relatively less uncertainty in the coastal
region (Mitchell and Jones, 2005; ACPC, 201 |). However, monitoring programs have found an
overall decline in water resource availability across West Africa that is greater than reductions
in precipitation in the region. For instance, since the 1970s, whereas precipitation declined from
I5-30% across West Africa, the observed declines in surface water supplies ranged between
30% and 50% (Afouda et al., 2007). Specifically, flows in the Senegalese and Gambian rivers
declined approximately 60% from 1971 to 1989, far exceeding the observed annual decline in
regional rainfall of 25% from 1951 to 1989 (Garrison, 2010; ACPC, 2011). During extremely
dry years, flows completely stopped on the Bani tributary in Douna, Mali, in 1983, 1984, and
1987, and in Niamey on the Niger River in 1985 (OECD, 2006: 7).

4.3.1 Major Watershed Overview

Eleven of the 28 transboundary watersheds in West Africa are major river basins (OECD,
2006). The four largest river basins in the region have a total watershed area of approximately
3 million km? and traverse a combined distance of more than 8,700 km across eight countries
(Figure 12). With the exception of Cape Verde, all West African countries share at least one
river with one of their neighbors. These transboundary rivers pose a range of complex
challenges to effective water resource management, as there is a high dependency ratio of many
countries on water supplies that originate outside their territorial borders. Only five of the 28
transboundary watersheds have formal management organizations. The longest running
organization is the Niger Basin Authority, established in 1963, while the most recently created
transboundary management organization is the Volta Basin Authority, which was established in
2006. Table | below summarizes the characteristics of the four major river basins in West
Africa ranging from historic discharge, management organization, and number of treaties.

Lake Chad

StJohn

Cavally — — 0 200

Fig. 12 Transboundary watersheds in West Africa. Source: OECD (2006: 4).
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The Fouta Djallon Highlands of Guinea, known as the “water tower” of West Africa, is the
source of seven major rivers: the Niger, The Gambia, Senegal, Corubal, Kaba, Kolente, and
Kayenga-Géba. Precipitation in this subregion is heavily influenced by orography and local

atmospheric circulation (Sall, 2006). The Fouta Dijallon is a critical source of water in the

region, yet there is very limited research or monitoring in this area, except for the recently
announced Global Environment Fund (GEF) program, which focuses heavily on community
projects (Sall, 2007; GEF, 2009).

Studies of water balance and changing demands exist for each of major basins described in

Table | (Rodgers et al., 2007; Hollermann et al., 2010; Oyebande and Odunuga, 2010; TFDD,

201 I; Oguntunde and Abiodun, 2013). There are also a number of international agreements and
multinational basin management commissions relevant to mitigating climate change impacts and
ensuring stability between users and countries.

River River River | Water- Historic Formal Basin % of River by Population | Treaties | Water
Basin Origin length | shed Size | Discharge | Organization Country (millions) Stress
(km) (km?2) (km3/year) | (# of member Range
states) (m3/year)
Volta Burkina 1,600 411,203 1,565 Volta Basin Burkina Faso 22.8 4 0-100
River Faso Authority (6 in
Basin West Africa) (42); Ghana
(40); Togo (6); Mali
(5); Benin
(4); Cote d’lvoire
(93)
Niger Guinea 4,200 2,105,196 39,530 Niger Basin Mali (30.3); 88.6 I5 0-700
River (Fouta Authority (8 in
Basin Djallon) West and Nigeria (28.3);
Central Africa) Niger (23.8);
Guinea (4.6);
Cameroon
(4.4); Burkina Faso
(3.9); Benin (2.5);
Coéte d’lvoire (1.2)
The Guinea 1,120 69,536 113 Gambia River Senegal (70); 1.8 7 10-100
Gambia Basin Guinea (16.5); The
River Development Gambia (13.3);
Organization (4 | Guinea-Bissau
in West Africa) (0.02)
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River River River | Water- Historic Formal Basin % of River by Population | Treaties | Water
Basin Origin length | shed Size | Discharge | Organization Country (millions) Stress
(km) (km?2) (km3/year) | (# of member Range
states) (m3/year)
Senegal Guinea 1,800 434,518 560 Senegal River Mali (53); 5.6 I 20-200
River (Fouta Development Mauritania (26);
Basin Djallon) Organization (4 | Guinea (I1);
in West Africa) Senegal (10)

Table I. Major West African river basins. Sources: ACPC (201 1), TFDD (201 I), Rodgers et al. (2007), Ayibotele (2008), and Rieu-

Clarke (2011).

4.3.2 Groundwater Aquifers

The major aquifers in the region (Figure |3) are only accessible by deep drilling. Most domestic
water consumption in West Africa, however, relies on shallow wells. Although the region’s
groundwater is an underutilized resource, the deep aquifers are non-renewable. Studies from
the United Nations Educational, Scientific, and Cultural Organization/Internationally Shared
Aquifer Resources Management Initiative and the Organization for Economic Cooperation and
Development (OECD) identified considerable reserves in deep-water aquifers, estimated at
several billion cubic meters, although specific quantities remain unknown (Afouda et al., 2007;

OECD, 2006).
Taoudéni
Sénegalese<~
Mauritanian
Liptako-
Gourma
Sedimentary
Copast
Source :ESRI, Global GIS, WHY MAP  Produced by : M. Niasse, C. Mbow (2006)

Tin
Séririne

Air

lullemeden

Coast

Mourzouk-
Djado
Nubian
Chad
0 200 400
o —
© Sahel and West Africa Club / OECD 2006

Fig. 13 Main transboundary aquifer systems in West Africa. Source: OECD (2006: 5).
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4.3.3 Estimates of Changing Demands in Region

The Atlas on Regional Integration from the OECD reports an estimated potential six-fold
increase in freshwater withdrawals between 2000 and 2025 if West African users maintain
current levels of access to drinking water and food security. Increasing per capita consumption
rates would further increase that withdrawal rate (OECD, 2006). The future of freshwater
resources is difficult to assess due to complexity and rapidly changing geography and use
patterns. There are already several global efforts to create water stress models by combining
climate scenarios, water budgets, and socioeconomic information along digitized river networks
(Vorosmarty et al., 2000). To date, this has not been done at the regional level for West Africa.
There are examples of applied watershed management, such as the water availability and
demand models for 2025 in Benin using the water evaluation and planning system (Hollermann
et al,, 2010) or the GLOWA Volta project run by German researchers (Rodgers et al., 2007).

Current estimates are that irrigation uses 76% of freshwater withdrawals, with 17% going
toward domestic consumption and 7% for industrial use (Afouda et al., 2007). Agriculture is
largely rainfed in the region. Yet some reports, like Oyebande and Odunuga (2010) on the
Senegal Basin, suggest that irrigation is causing over-extraction of groundwater resources.
Irrigation use generally increases with temperature and decreases when there is an increase in
rainfall (IPCC, 2008).

4.3.4 Hydroelectricity

There are 150 large dams in West Africa out of a total of 1,300 on the continent. The region
has fewer than two large dams per 100,000 km?, as compared to 4.3 dams per 100,000 km? in
Africa as a whole (OECD, 2006; Lehner et al., 2011) (Figure 14). Recently, the UN World
Water Assessment Programme stated that hydropower could supply the region’s entire energy
need if cross-border cooperation was enhanced, using existing cooperation like the West Africa
Power Pool (McKenzie, 2012). Many new hydroelectric projects are being initiated. On the
Niger River alone, about 20 sites have been identified for large dams, and are at more or less
advanced stages of planning. They include, in particular, Fomi and Kamarato in Guinea; Kénié,
Tossaye, and Labezanga in Mali; Dyodyonga and Gambou between Benin and Niger; Kandadiji in
Niger; and Lokoja, Makurdi, and Onitsha in Nigeria (OECD, 2006). Similar to analysis
conducted by International Union for the Conservation of Nature (IUCN), the development of
new dams creates pressures on legal and management authorities, especially transboundary
water allocation mechanisms (Newborne, 2010). The Senegal River Basin has four specific sub-
committees providing forums for dialogue (Newborne, 2010). The presence of large
hydroelectric dams have raised concerns about the impacts on biological resources, wildlife,
water quality, and downstream quantity such as the [UCN impact assessment on the Gambia
River Basin’s Sambagalou hydroelectric dam (Diop and Niane, 201 I).
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Fig. 14 Large dams in West Africa. Source: OECD (2006: 8).

4.3.5 Data Availability and Climate Modeling

There are a variety of water management agencies and monitoring systems across West Africa,
which at present lack effective institutional arrangements to facilitate the generation, analysis,
and systematic integration of relevant climate information with other information to support
decision makers. These institutions include the Global Climate Observing System, monitoring
and policy programs at AGRHYMET, and national-level technical coordination units (IRl, 2006;
Garrison, 2010; ACPC, 2011). According to the United Nations Economic Commission for
Africa (UNECA) Africa Climate Policy Center, there is a lack of downscaled modeling and
scenarios to study the impact of climate change on water resources (ACPC, 2011). The
Garrison report provides concrete recommendations and an overview of the institutional
framework and opportunities for USAID (Garrison, 2010). There are emerging opportunities to
use satellite imagery to create new monitoring sources (Dinku, 2005).

4.3.6 Risk and Water Resource Vulnerability Indices

A range of evolving methodologies to construct water resource availability and water scarcity
indices monitor and quantitatively evaluate water resource vulnerability across facets of water
use, supply, and scarcity, with landmark indices developed in the late 1980s by Falkenmark and
Gleick (Brown and Matlock, 201 I). These include the Falkenmark water stress indicator as total
rainfall available per capita and have been calculated at the global scale. These methodologies
remain to be applied to the West Africa region. Regional studies could include calculation of
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the water footprint or watershed sustainability indices with components on hydrology,
livelihoods, and governance. Such indices could then serve as tools to help prioritize and
sequence financial, technical, and management support.

Wolf et al. (2003) argue that conflict mitigation is associated with the institutional capacity of
management organizations. They found that many conflicts arise when demands on water
resources outstrip the societal ability to address them. Other studies identify critical indicators
of conflict mitigation such as the formality of joint management agreements of international
basins, joint monitoring, mechanisms for conflict resolution, and mechanisms to avoid instances
of unilateral project development (Wolf, 2003; De Stefano et al.,, 2010; Tir and Stinnett, 2012).
Water stress is anticipated to combine with other stressors to exacerbate problems in areas
already prone to regional instability (De Stefano et al., 2010).

4.4.1 Extent and Distribution of Wetlands in West Africa

Wetlands are transitional lands between terrestrial and aquatic systems where the water table
is usually at or near the surface or the land is covered by shallow water. They have the
following three attributes: (l) at least periodically, the land supports predominantly
hydrophytes; (2) the substrate is predominantly undrained hydric soil; and (3) the substrate is
non-soil and saturated with water or covered by shallow water at some time during the annual
growing season (Mitsch and Gosselink, 2007). Globally, wetland ecosystems can be found on
every continent except Antarctica, covering approximately 2—6% of the world’s land surface
(Sundareshwar, 2010; Junk et al.,, 2013). In general, wetland ecosystems can be classified into
two broad categories: coastal and inland.

Wetlands in West Africa include freshwater (non-tidal) inland wetlands in the Sahelian
floodplains and tidal coastal wetlands and estuarine environments such as mangroves (Figure
I5). The freshwater inland wetlands include: the floodplains of the Senegal, Niger, and Longone-
Chari Rivers; inland deltas (e.g., the Niger Inland Delta in Mali); and lacustrine wetlands (e.g.,
Lake Chad).
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Fig. 15 Distribution of mangroves and other coastal habitats in West-Central Africa. Source: Compiled by UNEP-WCMC for Feka
and Ajonina (201 1: 218).

4.4.2 Sahelian Wetlands

The recurrent rainfall deficit in the Sahelian zones is moderated by interzonal freshwater
transfer from the wet to the arid areas within West Africa. Specifically, the hydrological
network of the major regional rivers—including the Niger, Senegal, The Gambia, and Volta with
their source in the high-rainfall areas of the Sudano-Guinean region—flows through the drier
Sahelian zones, creating a network of freshwater inland wetlands in the West African Sahel.
During years of good flows, these interzonal freshwater transfers flood approximately 4.6
million hectares of the Sahel annually, of which about 3 million hectares are in the Niger Inland
Delta situated in the semi-arid Sahel in Mali, about 500,000 hectares are in the Middle Senegal
River Valley, about 400,000 hectares are in the Hadejia Nguru Plains in northern Nigeria, and
approximately 800,000 hectares are in the Chari-Logone Plains between Cameroon and Chad
(Table 2; Oyebande, 2002: 366). These Sahelian wetlands form a cornerstone of ecological and
economic revenues regionally. For example, the Niger Inland Delta supports upwards of
550,000 people and, in the dry season, serves as grazing grounds for about 3 million heads of
livestock including cattle, sheep, and goats. In addition, these wetlands support approximately
80,000 fishermen and 17,000 hectares of rice cultivation (Adams, 1993).

Number | River/lake system Wetland area (10° ha) | Country
Senegal delta 300 Senegal, Mauritania
Senegal valley 500 Senegal, Mauritania
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Number | River/lake system Wetland area (10° ha) | Country
3 Niger inland delta 3,000 Mali
4 Niger fringing flood plain 300 Nigeria
5 Sokoto and Rima valleys 100 Nigeria
6 Hadejia Komadugu flood plains 400 Nigeria
7 Logone flood plain [,100 Cameroon, Chad
8 Lake Chad flood plain 1,000 Chad
Total 6,700 West African Sahel

Table 2. Extent of the original major wetland ecosystems in the West African Sahel. Source: Oyebande (2002: 366).
4.4.3 Vulnerability of Floodplain Wetlands

Despite their broad socioeconomic value, wetlands in West Africa remain among the most
vulnerable to climate change and anthropogenic pressures. From the perspective of climate
change impacts, models examining the trends in precipitation over the African continent predict
that while some regions of the Sahel and areas to the south will have more water over the next
two decades, the southwest of Africa will become drier (Mitchell, 2013; see also Rivers and
Water Resources section). Although historically water levels in permanent and semi-permanent
wetlands have varied in the West African Sahel as a result of climate variability inherent to this
region, future climate change scenarios predict altered precipitation patterns (e.g., more
frequent or intense rain or drought events) and river flows, which will have a pronounced effect
on inland freshwater wetlands.

The flow of the Niger River that inundates the Inner Delta is affected by changes in climate,
groundwater levels, and dam and reservoir construction. Drought conditions, which are
exacerbated by climate change, have resulted in reduced river flow and subsequent decrease in
flooding area. The flooding area of the Niger Inland Delta in 1956 was estimated to be 36,000
km?. After the Great Drought in the early 1980s, flooding area decreased by 50-80% (Zwarts
and Grigoras, 2005). During the period 1970-1990, the area that floods for at least four
months of the year experienced a 91% decline (Oyebande, 2002). These climate change-driven
reductions in water supply are worsened by higher temperatures that increase water loss
through evapotranspiration.

In addition to the ecological impacts, traditional agriculture and fishing have also been adversely
affected. For example, in the Logone Basin rice cultivation has dropped to 75%, while in the
Niger Inland Delta annual fish catch dropped by 50% from the late 1960s to 1988 (Oyebande,
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2002). Shrinking wetlands are increasingly creating conflict situations among multiple
stakeholders. Pastoralists, who also use these wetlands for grazing during the drier periods, are
often confronted with traditional farmers who utilize the same wetlands for cultivation during
the wetter periods, with agricultural operations extending into a greater part of the drier
period.

4.4.4 Vulnerability of Coastal Wetlands

With the exception of four landlocked countries, the remaining |4 countries in West Africa
have significant coastlines with a combined length of approximately 6,467 km (CIA, 2012). The
bulk of these countries’ economic and communications infrastructures is concentrated in this
coastal area. Approximately 28% of the region’s population—or 88 million people—resided
within 100 km of the coast in 2010 (CIESIN, 2012b). With major urban centers located along
the coastline, the coastal zones of these countries face increasing pressures from rapid
demographic growth, as a result of increasingly impoverished conditions in the countryside,
partly due to climate change-driven drier conditions inland. Of the 14 countries with a coastline
in this region, Nigeria, Togo, and Benin collectively rank among the highest in the pressure on
their coastal resources (Figure 16). This suggests that land-use effects on coastal processes (e.g.,
deforestation due to greater exploitation of the coastal wetlands) and vice versa (i.e., effect of
sea level rise) will be extreme.
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Fig. 16 Relative index for overall pressure on coastal zones for countries in the West Africa region that have a coastline
(Sundareshwar, unpublished). Data source: CIA (2012).

Coastal erosion or sea advance is expected to lead to degradation of vital coastal wetlands,
such as the mangrove forests, which cover roughly 15,000 km” in West Africa (Feka and
Ajonina, 201 1). A sea level rise of 0.5 m and | m will result in a loss of mangroves of 806 and
2,149 km? respectively (Dennis et al., 1995). The loss of coastal wetlands will likely have a
direct impact on the economy of the countries and the region. Another threat from a rising sea
level is the salinization of coastal wetlands, which can lead to mangrove die-offs and increased
salinity in groundwater aquifer and surface water that further constrains subsistence farming in
these coastal wetlands.
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Sea level is predicted to rise about | m over the next century. A slow to moderate rise is
expected over the next two to three decades, followed by a sharp acceleration after the year
2050 (Appeaning Addo et al.,, 201 1). On average, globally, the coastline will horizontally retreat
50 to 100 times the vertical sea level rise due to shoreline erosion and subsequent material
deposition on the near-shore ocean bottom. The level of coastal recession will depend on local
bathymetry and topography, but, depending on location, a coastal recession of 4.5-88 m by
2100 is expected, resulting in permanent inundation of natural habitats and major cities
(Appeaning Addo et al., 201 1). A relatively small rise in sea level can result in increased coastal
erosion, permanent connection of lagoons to sea, penetration of salt water inland, salinization
of freshwater lagoons and aquifers, and destruction of wetlands and associated industries
(Conway, 2009).

The projected rise in sea level due to mean sea-level increase and changes in storm
characteristics will have a major impact on the livelihoods of West African coastal populations
and diverse aquatic ecosystems including mangroves, deltas, estuaries, and coral reefs. Forty
percent of the population of West Africa lives in coastal cities (IPCC, 2007b). An estimated 5
million people live between 0 m and 3 m above sea level; Nigeria has the greatest population in
this zone (~1.6 million people), followed by Benin with about 522,000 people (CIESIN-
Columbia University, 2012). According to Nicholls et al. (2007), Lagos, Nigeria, ranks fifteenth
in terms of greatest city population exposed to coastal flooding in the 2070s. Increased
population density coupled with growing housing infrastructure will exacerbate flood disaster
conditions (Appeaning Addo et al., 201 I). Improved public awareness of seaward hazards, urban
growth planning, wetland preservation, and coastal zone management can improve the
resilience of coastal communities (Jallow et al., 1996). Niang et al. (2012) outline a number of
approaches to preventing coastal erosion through combinations of hard engineering (e.g.,
seawalls, groins, and beach revetment), soft engineering (e.g., beach nourishment, dune
restoration, and mangrove restoration), and integrated approaches (e.g., protecting marine
ecosystems, and water resource management).

4.6.1 The Regional Ecological Gradient

Two subregions within West Africa contain remnants of biologically diverse humid tropical
forests. These two humid tropical forest zones are separated by the Dahomey Gap, a landscape
mosaic of savannah and gallery forests in Benin that extends to the Gulf of Guinea. The Upper
Guinean forests, west of the Dahomey Gap, extend across Guinea, Sierra Leone, Liberia, Cote
d’lvoire, Ghana, and Togo. East of the Dahomey Gap, the Lower Guinean forests cover parts of
Benin, Nigeria, and Cameroon (Rudel, 2005; Conservation International, 2012).
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Human activities, including shifting cultivation, smallholder and plantation agriculture, timber
extraction, and the expansion of settlements, have fragmented and greatly reduced the overall
extent of the original Guinean humid tropical forests (Barnes, 1990; Rudel, 2005). What
presently exists in this ecological zone is a human-dominated landscape of cultivated fields,
fallows, secondary vegetation, roads, and human settlements surrounding small forest remnants
and woodland patches. The populations of coastal cities in this subregion, such as Monrovia
(Liberia), Abidjan (Cote d’lvoire), Accra (Ghana), Lagos (Nigeria), and Douala (Cameroon),
benefit from the ecosystem services these remaining humid tropical forests provide.

To the north of this humid tropical forest zone, the dry forests and woodlands of West Africa
cover an ecological gradient spanning from the Guinean sub-humid dry forest to the drier
Sudanian semi-arid open woodlands, wooded grasslands, and fallows (often referred to as
savannah) and further north to the semi-arid and arid Sahel. Across this gradient from south to
north, the climate and the land become increasingly unsuitable for rainfed agriculture. The
landscape is sparsely covered by drought- and fire-resistant tree species such as baobab
(Adansonia digitata), Shea tree (Vitellaria paradoxa), and Acacia spp. (Timberlake et al., 2010).
Pastoralist land management practices applied in the semi-arid West African savannah landscape
commonly incorporate the use of fire (Rudel, 2005).

4.6.2 Historical Patterns of Land Use and Forest Cover Change

West Africa’s humid tropical forest zone is the source of about two-thirds of global cocoa
production (OECD, 2007a). Local smallholders initiated cocoa production in this subregion in
the late nineteenth century. The sector expanded rapidly over the course of the twentieth
century. The growth of cocoa production drove deforestation, in-migration, and rapid
settlement of the agricultural frontier. In the 1960s, in addition to the local cocoa-producing
smallholders, rural migrants arriving from countries in the drylands to the north (e.g., Burkina
Faso) established more cocoa farms thus contributing to increased rates of deforestation. In the
mid-twentieth century, European investors began logging forest concessions in Cote d’lvoire,
Ghana, and Cameroon. Smallholders cleared forests for farming in areas along the roads built
by logging companies. In the 1970s and 1980s, increased demand for agricultural labor
contributed to rural population growth. Farmers often converted secondary forests to
agricultural land use since they were easier to clear than mature forests. By the late twentieth
century, cocoa production along the older cocoa frontiers was in decline and smallholders in
these areas began planting other crops such as cassava and fruit trees (Rudel, 2005).

Farmers have converted over 50% of West Africa’s dry forests and woodlands to agricultural
land use, often maintaining standing trees in land use systems known as farmed parklands
(Timberlake et al, 2010). Improved management of fruit trees in agroforestry parklands is
viewed as an important strategy for improving rural livelihoods in the Sahel (Rabild, 2012). In
the Sudanian savannah and Sudano-Sahelian transition zone, many farmers have responded to
the scarcity of forests and woodlands by protecting, pruning, and managing trees and shrubs
that regenerate spontaneously on their lands. Since the 1980s, efforts have developed to
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support regreening in West African drylands through farmer-managed natural forest
regeneration (Sendzimir et al., 201 1).

4.6.3 Land Use and Forest Cover Change Scenarios under Climate Change

Researchers have begun to investigate how global climate change may affect future distributions
of humid tropical forests around the world by modifying hydrological regimes (Zelazowski et
al,, 2011).

When considering climate change alone, the results of a recent predictive vegetation modeling
exercise suggest biome shifts toward a greening trend in West Africa by 2050, with increasing
tree cover in inland areas of Benin, Burkina Faso, Cote d’lvoire, Ghana, and Togo. However,
when human impacts are incorporated, the models in this study suggest future forest
degradation and potential desertification (Heubes et al., 201 1).

Increasing temperature and decreasing precipitation were found to have resulted in a significant
decline in tree density from 1954 to 2002 in the western Sahel at two sites in Senegal as well as
a significant decline in tree species in the Sahel (Mauritania, Mali, Burkina Faso, Niger, and Chad)
from 1960 to 2000 (Gonzalez et al., 2012).

Several investigators have challenged claims of large-scale land degradation and desertification in
the Sahel. For instance, Herrmann et al. (2005) argue that while human-induced land
degradation has been observed at local scales in the region, their analyses of the Normalized
Difference Vegetation Index time series for the period 1982 to 2003 and gridded satellite
rainfall estimates indicate that the observed increase in vegetation (e.g., greening) over large
areas of the Sahel is attributable to human factors as well as to rainfall.

Abiodun et al. (2012) point out that reforestation in West Africa as a potential adaptive
response to climate change is an important transboundary issue given that the impacts of large-
scale reforestation can extend beyond country borders and result in both positive and negative
impacts on the regional climate by reducing temperature in some places while increasing it in
others.

More research is needed on forest cover dynamics and forest regeneration in West Africa, and
on the interactions of climatic and human factors influencing forest and woodland cover in the
region, including the impacts of urbanization trends and the demands of growing urban
populations for forest-based resources and ecosystem services.

Coastal West African states rely on the fisheries sector, to varying degrees, for formal and
informal employment, foreign and domestic trade, foreign exchange earnings, local
development, and household food security (Lenselink, 2002). Adverse impacts on the sector,

52



Background Paper for the ARCC West Africa Regional Climate Change Vulnerability Assessment

accordingly, have wide repercussions from regional to household levels. Climate change poses a
serious risk to fisheries, affecting food security even substantially inland, but with greatest
impacts on the livelihoods and food security of the artisan fisher populations in West African
coastal nations.

Owing to the heightened state of vulnerability of fisheries throughout Africa and the increasing
role fish production and consumption plays in food security and livelihoods, the New
Partnership for Africa’s Development (NEPAD) Action Plan for the Development of African
Fisheries and Aquaculture, developed with Fish for All, places a high importance on on- and off-
shore aquaculture while advocating for improved sustainability in national and transboundary
water resource management and adaptation strategies for off-coast fisheries (NEPAD, 2005).

4.7.1 Current Role of Fisheries in West Africa

Though the fisheries sector makes up a low proportion of the GDP in many countries (as low
as 2% of the total export value for West African countries [FAO, 2007]), it nevertheless plays
an important role in household food security, offering an income diversification strategy for
poor rural households. Artisanal fisheries play a key role in local economic development in
coastal regions and inland communities such as those in the Inner Niger Delta and along the
Senegal River depend substantially on fishing (Morand et al., 2012). Many in West Africa are
highly dependent on fish as a source of protein. The regional fish food consumption is 14.6 kg
per capita; Senegal has the highest per capita consumption at 27.8 kg (FAO, 2010). Lam et al.
(2012) note that while this fish consumption is relatively high, fish protein has a much more
important role in the daily diet than land animal-based protein in the coastal region. This
importance of fisheries is seen in an increased push to expand aquaculture for sustainable fish
production, through projects elsewhere in Africa, such as Malawi’s integrated aquaculture-
agriculture project, begun in 1995 with The WorldFish Center (a CGIAR Consortium Research
Center), which has seen a remarkable national-level increase in annual average production from
fishponds (APF, 2008: 62-65).

4.7.2 Challenges and Strategies in the Current Fisheries Sector

Two major categories of coastal fishing operations include large-scale commercial fishing
vessels, often owned or employed by foreign corporations who are granted rights by domestic
national governments with little to no consultation with local populations, and small-scale
artisan fishers who operate with more traditional crafts for domestic markets and household
consumption (Lam et al., 2012). These categories represent separate challenges for the fisheries
sector and must be considered concurrently in planning for climate change adaptation given
their divergent needs and representation at the local and national levels. Commercial fishing,
particularly for export to the European and North American markets, has increased in recent
decades; Asian markets have also emerged as importers (Lenselink, 2002). These large-scale
operations are able to be regulated and subject to international standards for positive fishing
practices and maintenance of ecosystems. Commercial fishing operations also represent a
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livelihood option for those who have relocated from dryland or inland zones in search of
employment in the growing industry.

The once highly productive West African fisheries are subject to pressures of large-scale
intensification of coastal and open-water fishing, resulting in diminished stock and ecosystem
health. Some industrial vessels employ trawlers that destroy habitats. The impacts of an
expansion of artisanal fishing as a livelihood can have directly adverse effects on the livelihoods
themselves, as increased fishing practices increases vulnerability and potential for conflict
through competition for compounding limited resources (Lenselink, 2002). Use of dynamite and
bycatch discard are highly damaging to ecosystems, and fine mesh nets result in juvenile fish
take (Lam et al., 2012). Motorization has allowed fishers to migrate to deeper waters or new
locations in search of new fish populations. Trouillet et al. (201 1) detail new migration patterns
of Senegalese fishermen from the overcrowded waters off the Senegalese coast to waters off
the coast of Mauritania where there are healthy fish stocks and less competition. This mobilized
population of fishers, even at the transnational level, requires cohesive regional adaptation
strategies.

4.7.3 Potential Climate Change Impacts on Fisheries

The projected impacts of climate change on fisheries will be both social and economic for
fishing fleets and fishing communities, also dependent on these populations’ resilience to change
and capacity for adaptation. Projected changes include the composition, production, and
seasonality of plankton and fish populations (FAO, 2010). The most direct consequences of
climate change on coastal fisheries include an increase in ocean temperature, acidification
through increased oceanic CO, absorption and pH reduction, and a rise in sea levels (Doney et
al., 2012). The responses of individual species to the physiological impacts of climate change will
compound into difficult-to-predict large-scale changes of ecosystem dynamics, particularly food
webs from microbes to the fish species fished by human populations (Doney et al., 2012).
Changes to the chemical composition of ocean waters are associated with variability among the
different species that create marine ecosystems, ultimately resulting in a decline or
displacement of fish populations (Doney et al., 2012).

Rising sea levels and warming upper layers also disrupt current ecosystems, particularly
plankton and predator fish populations (Allison et al, 2009; Doney et al., 2012). Plankton
blooms in areas of upwelling (e.g., the Canary and Guinea Current Large Marine Ecosystems
[LMEs]) depend on wind episodes and nutrient supply, both of which are subject to increased
variability due to climate change (Sambe, 2012; Donkor and Abe, 2012). Wiafe et al. (2008)
investigated the impact of climate change on zooplankton biomass in the upwelling region of the
Gulf of Guinea. It was determined that zooplankton biomass during the upwelling season has
declined significantly over a 24-year period. The gradually increasing trend in SST during the
upwelling season accounted for more than 50% of long-term zooplankton biomass variability
(Wiafe et al., 2008). Variability in the plankton ecosystems is directly linked to viability of pelagic
fish populations, which account for the majority of landed fish in the Canary Current LME
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(Sambe, 2012). Impacts on food webs will impact fish stocks in terms of access to prey
populations, but also direct physiological responses to raising temperatures or changes in
predator population patterns. Changes in spawning or migration seasonality can alter predator-
prey interactions, as well as accessibility of fish populations to fishers. Additionally, increased
sedimentation, coastal erosion, and salinization as a result of climate change can have adverse
effects on marine and coastal ecosystems, particularly coastal wetlands and mangrove systems.
Rising temperatures are also associated with increased susceptibility to diseases amongst fish
populations (Allison et al., 2009; Doney et al., 2012).

Inland fishery zones, including those in the Inner Niger Delta in Mali, are impacted by potential
reduction in floodplain zones for seasonal inland fishing areas as a result of lowered
precipitation as projected by many climate models. Increased demand for dam infrastructure for
access to water or energy exacerbates the reduction in fish landings for seasonal inland fishing
(Morand et al., 2010). In addition to precipitation and temperature changes, changes in sea level
rise, land-based runoff and increasing frequency of storms and storm surges threaten coastal
infrastructure, aquaculture located in riparian and coastal zones, and loss of harbors or homes

(Allison et al., 2009; FAO, 2010).

Allison et al. (2009) identify three principle factors of climate change vulnerability for fisheries,
including exposure to the physical effects of climate change, the degree of sensitivity of the
natural resource system or the dependence of the national or local economy on social or
economic returns from the fisheries sector, and the adaptive capacity of populations to offset
the potential impacts. Mauritania, Senegal, Mali, Niger, Guinea, Nigeria, Guinea-Bissau, and The
Gambia are ranked among the 33 most vulnerable countries to climate change impacts on
fisheries.'*

Countries of the Western Sahel were among the most vulnerable to negative impacts overall.
Among these, Nigeria and Ghana are expected to experience the greatest negative impact on
fish landings, while impacted countries with the highest export income include Mauritania and
Guinea-Bissau; Ghana and The Gambia are marked as highly dependent on fish protein, with
dependency ranging from 59—67% of animal protein coming from fish. Most West African
countries scored low in adaptive capacity (Allison et al, 2009). Along with other most-
vulnerable nations, these countries are among the poorest nations in the world and are up to
twice as dependent on fish for daily protein intake as those that are less vulnerable.

14 To create their vulnerability index, Allison et al. (2009) analyzed 133 countries and used surface air temperature, not sea
surface temperature, to predict exposure to climate change, using the AIFl and B2 models for higher and lower emissions
scenarios. Sensitivity to outcomes was determined through prediction of impact on fish landings, representing the national
economic outcome and the dependence on fisheries for employment. Adaptive capacity refers to human development
indicators impacted by climate change, including health and governance.
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4.7.4 Food and Economic Security Impact of Reduced Landings

Lam et al. (2012) examine two climate scenarios and their impacts on fisheries: (1) an optimistic
projection of constant 2000 CO, level of 360 ppm; and (2) the still-conservative Special Report
on Emission Scenarios (SRES) AIB projection scenario. Their model of projected fisheries
landings considers ocean environmental conditions including sea temperature, sea ice coverage,
salinity, and advection from 2001 to 2059 under both scenarios for 14 coastal West African
countries. The Lam et al. (2012) model uses data from FAO and the Sea Around Us Project
database to forecast fish demand in the 2050s and to project the potential loss in fish protein
and total landed values under climate change. Under the constant CO, level scenario, all the
countries in West Africa would have a declining level of fisheries landings by 2050, except The
Gambia, Mauritania, Senegal, and Western Sahara. Under the SRES AIB, the situation is more
severe, totaling a reduction of approximately 26% from current levels across the region.
Substantial losses of up to or over 50% are projected in Ghana, Cote d’lvoire, Nigeria, Liberia,
Togo, and Sierra Leone. These last three countries are already acutely food insecure,
compounding the projected nutritional insecurity. Other countries, such as Mauritania and
Senegal, rely upon fish for exports, which would be highly impacted.

To maintain the per capita food supply, fish production must increase by five times the current
level by the 2050s, despite the SRES AIB projection of reduction of landings by one quarter.
The increased demand for fish, driven by population growth and coupled with the decreased
fish landings, may increase the price domestically and internationally of the fish that is landed.
This has major implications for food security in West Africa.

Landed values are estimated to drop for the 14 countries by 21% in the high-emissions SRES
AIB scenario; Cote d’lvoire, Ghana, and Togo would suffer up to 40% declines. Under the
constant 2000 scenario, only an 8% decrease in landings value is seen regionally, with projected
increases in landing values predicted for Mauritania, Senegal, The Gambia, and Western Sahara.
In terms of livelihoods, a decrease of up to 50% of fisheries-related jobs is expected under the
SRES scenario. Indirect induced impacts resulting from climate change related fisheries losses
greatly increase the economic burden under the SRES A|B scenario.

4.7.5 Adaptation Challenges

Coping strategies for climate-induced impacts to the fisheries sectors are varied, but overall
adaptation strategies are challenging given the severity of many climate change scenarios.
Traditional fisher populations have migrated with fish populations and used destructive fishing
techniques such as dynamite to improve fish landings, though as fish populations dwindle in size
and health or shift habitats, such coping strategies will not prevent decreases in landings. Inland
migration patterns toward cities and increased use of land for farms puts more pressure on
rapidly urbanizing centers and agricultural lands, potentially resulting in a decreased food supply
that is exacerbated by diminished fish protein supply (Lam et al., 2012).
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The OECD Africa Partnership Forum (2008) recognizes adaptation challenges and therefore
recommends the expansion and intensification of aquaculture with links to private sector
investments at national and regional levels, as outlined by the NEPAD Action Plan for
Development of Fisheries and Aquaculture (NEPAD, 2005). The availability of phytoplankton
and zooplankton may increase with rising temperatures; another potential positive impact is the
increased salinity in deltas, which can be harnessed for high-value shrimp aquaculture (FAO,
2010).

Beyond adopting new expanded industries as a means of adaptation, a challenge in crafting
adaptation strategies for the fisheries industry is the necessity of balancing state-imposed
regulations and the priority drivers of traditional fishers, who often mostly operate outside of
the regulatory structures. Often policies benefit the vocal large-scale corporations or local
business people over the needs and priorities of the small-scale artisan fisher (Trouillet et al.,
201 1). It is important when building local coalitions of community leaders and stakeholders
from the local and national level to consider the implications of fishing for food security and the
potential for conflict to arise as a result of increased competition over fewer resources.

Adaptation to climate change in West Africa, as elsewhere, requires the development of
strategies that take into account multiple sectors and various human health concerns related to
disease control, disease habitat transformations, land-use change, agricultural practices, food
safety and nutrition, water quality and quantity, and access to safe food and water supplies.

Climate change is a recent governmental concern for African public health policy. Current
climate and health adaptation plans are mostly pilot projects, research is focused on
accumulating evidence of climate change impacts on health, and there are no overarching public
health adaptation strategies. However, the World Health Organization (WHO) has begun to
develop a comprehensive policy framework to provide a scientific and evidence-based
coordinated response to climate change adaptation needs of African countries. Focus areas
include surveillance, early warning systems, predictive models, and research. The overall goal of
this international consortium, which is to be launched by the end of this year, is to identify
country-specific health risks and strengthen national core capacities of health systems (Manga,
2013).

Climate influences transmission, spatial and seasonal distributions, epidemics, and long-term
trends of parasitic, viral, and bacterial diseases (Kelly-Hope and Thomson, 2008). However, it is
important to keep in mind that the relationship between climate and human health is extremely
complex. Climate is only one of many variables that can affect risk of disease incidence and
transmission. Establishing direct linkages between changes in climate or other environmental
factors and disease transmission is extremely difficult due to the presence of many confounding
socioeconomic and demographic factors (de Souza et al., 2012). Identification of key variables is
strongly limited by a lack of observational health data under field conditions (Thomson et al,,
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2004a), and climate forecasting models are limited as well by uncertainties with respect to
climate data (Thomson et al., 2006; Lafferty, 2009).

At different spatial scales, climate change and geophysical factors (i.e., precipitation, humidity,
and temperature) affect the survival, reproduction, and transmission of disease agents and
vectors (de Souza et al., 2012). Temperature has the greatest overall influence on key biological
processes in vectors, pathogens, and their hosts, while precipitation affects diseases associated
with aquatic habitats (Lafferty, 2009). Malaria is the most temperature sensitive vector-borne
disease; a small change in temperature can have a disproportionate effect on infection risk in
epidemic prone regions (Kelly-Hope and Thomson, 2008). Rainfall- and flood-associated
outbreaks of disease are often caused by contaminated water and the formation of breeding
habitats (de Souza et al, 2012). Although drought is associated with a reduction in the
occurrence of malaria, drought increases malaria’s epidemic potential (Thomson et al., 2004b).

Climatic and environmental conditions can produce disease transmission zones or belts, such as
the malaria and meningitis belts of West Africa (Figure 17) that have been found to closely
correspond to the region’s semi-arid agro-ecological zones (Thomson et al., 2004a; de Souza et
al., 2012) situated in both the Sahelian and tropical inland zones. Similarly, infectious diseases
such as Rift Valley fever, yellow fever, relapsing fever, sleeping sickness, schistosomiasis,
lymphatic filiarasis, and onchocerciasis are also noted to occur within a “climate envelope” of a
specific set of precipitation, wind, and moisture conditions (Thomson et al., 2004a; Kelly-Hope
and Thomson, 2008).
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Fig. 17 Climate envelopes for malaria (Connor, 2002) and meningitis epidemics (Molesworth et al., 2002) in West Africa. Source:
Thomson et al. (2004a: 144)
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In the case of lymphatic filiarasis, Thomson, Connor et al. (2004) present a generalized
ecological distribution based on elevation, vegetation cover, and climate (Figure 18). Incidence
of this disease is notably higher in the coastal zones of West Africa, but there are some
important exceptions. For example, lymphatic filiarasis is largely absent from coastal Togo and
Benin, even though these countries are highly endemic for malaria, which is transmitted by the
same mosquito vector species.

B : Some cases but no focl
C : Some foci bat low Incidence [n general
55 D : Nurnerous foci and high incidence
E : Low incidence unioss favorable transmission condition
F1 : Probabily isolated cases
F2 : Probabity no filanasis
G : Numerous feci

Fig. 18 Zonation map of lymphatic filiarasis endemicity in West Africa based on ecological criteria. Source: Thomson et al. (2004a:
146) based on Brengues (1975)

A number of diseases display distinct seasonal patterns. Outbreaks of malaria, dengue, and Rift
Valley fever have been found to increase during and immediately following the warm, rainy
season (Caminade and Terray, 2010). Seasonality of river flow caused by the monsoon has been
found to influence breeding sites for the onchocerciasis vector (Thomson, Connor et al., 2004).
Seasonal winds, another large-scale phenomenon, contribute to the periodic resurgence of
meningococcal meningitis (MCM) in Mali (Sultan et al., 2005). MCM is an infection of the
meninges that is extremely contagious and causes high death rates in many African
communities. Outbreaks usually start at the beginning of February when the winter climate
creates dry air and strong dust winds that damage the mucous membranes of the oral cavity
and generate favorable conditions for the transmission of the MCM bacteria (Thomson et al,,
2004a; Sultan et al., 2005; de Souza et al., 2012). The higher humidity spring and summer
seasons decrease transmission capability and the epidemics generally stop with the onset of
rainfall around late May (Sultan et al., 2005; de Souza et al, 2012). Thus, the correlation
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between the atmospheric wind signal and the onset and seasonal course of the epidemic is
valuable information for disease monitoring and prediction.

The relationship between seasonality and variability in temperature and rainfall was also
examined by Bandyopadhyay et al. (2012) in the case of diarrhea in children under the age of
three in sub-Saharan Africa. Maximum and minimum temperature and high rainfall were all
found to be important, but their impact also depended on the season. High rainfall during dry
seasons was associated with reduced diarrhea prevalence, while water shortages in the dry
season increased it. This suggests that higher than average rainfall makes groundwater more
plentiful, improves the quantity and perhaps the quality of available water, and enables
households to adopt more hygienic practices.

The hypothesis that climate change is responsible for observed changes in malaria prevalence
has been particularly controversial (Ermert et al., 2012). Based on multi-model seasonal
forecasts, Caminade and Terray (2010) found that if only considering climate, the potential
future malaria epidemic belt in West Africa is slightly shifted southward (from 1° to 2°) in
comparison to that of the current climate, due mainly to a stimulated decrease in the number
of rainy days in summer. Lafferty (2009), however, rightly cautions that disease vector habitat
suitability is affected not just by climate conditions that foster growth and survival, but by
barriers to dispersal, competition, predation, disease control efforts, and habitat degradation—
factors that constrain the geographic distribution and transmission of disease.

Sea level rise along the coast of West Africa has the potential to impact mosquito-borne
infectious diseases, such as malaria, by modifying vector habitats and breeding conditions thus
changing mosquito vector populations and species compositions. The mosquito species
Anopheles gambiae is considered to be one of the most efficient malaria vectors in sub-Saharan
Africa; it is long-lived, has a short larval period, and is found in habitats associated with human
activity. Anopheles melas, another mosquito vector, is less effective at transmitting malaria than
An. gambiae and inhabits brackish water and saline environments such as mangroves and salt
marshes (Sinka et al., 2010). Coastal inundation resulting from sea level rise may contribute to
reductions in malaria transmission and incidence by creating more favorable breeding
conditions for the salt-tolerant An. melas while hindering reproduction of An. gambiae
(Thomson, personal communication, 24 January 201 3).

Reporting on research conducted in Niger during the 2003 rainy season to assess malaria
vector presence and abundance across the Sudanian, Sahelian, and Saharan zones, Labbo et al.
(2004) explain that although the disappearance of the malaria vector Anopheles funestus from the
Sahelian zone has been attributed to three decades of Sahelian drought, it is important to take
into account several local and subregional hydrological processes that can create breeding sites
for malaria vectors even under regional drought conditions. These hydrological processes
include the formation of temporary ponds linked to local groundwater recharge and enhanced
water run-off in areas where the clearing of wooded savannah and the expansion of cultivated
areas changes the landscape and surface characteristics.
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Other associations have been made between climate, land use, and health. For example,
increases in the more severe savanna form of onchocerciasis have been linked to decreases in
forest cover in Ghana (Wilson et al,, 2002). The often complex relationship between climate,
land-use change, and health is illustrated by the “paddies paradox” of malaria, which describes
the findings that in some semi-arid areas, increased breeding sites for vectors associated with
increased irrigation of rice has increased malaria prevalence, while in other areas, the inverse
has been found, leading to conclusions that vector density impacted by climate does not appear
to be the key driving force of malaria transmission (Thomson et al., 2004b). Similarly, another
study concluded that while climate changes could be linked to determinants of intestinal
schistosomiasis and intermediate host snail distribution, and that while increased temperature
would certainly cause a potential habitat expansion, the greater importance of the impact of
humans on habitat in the form of water development projects and human presence prevented a
conclusion as to how the disease prevalence might be affected by climate change (Stensgaard et
al.,, 2011).

Nutrition is an important driver of health outcomes (Amuna and Zotor, 2008). The multiple
socioeconomic and cultural factors that impact nutrition have made it challenging to clearly
understand the relationship between nutrition and climate. De Sherbinin (201 |a) found drought
prevalence to be significantly correlated with child malnutrition in an analysis of 367 sub-
national units in Africa. Spatial modeling of water availability, malnutrition, and livelihoods
across several climatic zones in Mali revealed links between climate and the stunting of children
related to chronic malnutrition (Jankowska et al., 2011). Nutrition is impacted by climate
through three main pathways: (1) food security, which encompasses food quality and quantity
and requires sufficient caloric intake, protein, and the essential micronutrients obtained from a
diversified diet (Thompson et al., 2010); (2) infectious disease (e.g., diarrheal disease, malaria,
and HIV); and (3) maternal and child care (e.g., breastfeeding and labor) (Thomson, personal
communication, January 24, 2013). A growing body of research is investigating the ways that
climate impacts nutrition and food security, including food availability, stability of supply, access,
and utilization (Tirado et al., 2010; Tirado and Meerman, 2012; Remans et al., 201 3).

Gnonlonfin et al. (2013) and others call attention to the need for more research to improve
understanding of the human and livestock health impacts of toxins produced by fungi
(mycotoxins) in sub-Saharan Africa. This research agenda should include how climate variability
and change may influence mycotoxin contamination and exposure in human food and livestock
feed systems. Aflatoxins are highly carcinogenic mycotoxins produced by the fungus Aspergillus
flavus. Researchers and practitioners interested in using and improving climate and agro-
ecological data to inform nutrition programming have identified aflatoxin contamination and
exposure as an important climate-related human health issue (Remans et al.,, 2013). Aflatoxin
contamination is widespread throughout Africa. Many malnourished people in West Africa are
chronically exposed to high levels of aflatoxin and other mycotoxins (Gong et al. 2003).

A recent review conducted by researchers at Danya International, Inc. with funding from the
USAID East Africa Regional Mission summarizes the latest published research on aflatoxin
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covering the health, agriculture, and trade sectors and highlights the need for cross-sectoral
aflatoxin initiatives (USAID, 2012). This review of the literature published since the year 2000 is
intended to serve as a resource for the Partnership for Aflatoxin Control in Africa. It
emphasizes that a multi-sectoral approach is required to prevent and control aflatoxin
contamination and exposure. Coordinated clinical, dietary, and agricultural interventions are
needed. Aflatoxin strains are commonly found in soils and infect a wide variety of plants
including grains (e.g., maize, millet, and sorghum), legumes (e.g., peanuts), nuts, seeds, coffee
beans, and cassava. They have also been detected in animal products (e.g., meat, milk, poultry,
and eggs). Humans are exposed to aflatoxin primarily through the consumption of
contaminated agricultural or animal products.

Dietary exposure to aflatoxins has numerous negative effects on human health (USAID, 2012;
Gnonlonfin et al., 2013). Chronic aflatoxin exposure (i.e., long-term exposure to low and
moderate levels of aflatoxin in the food supply) has been associated with suppression of the
immune system, liver cancer, cirrhosis, and problems related to malnutrition such as stunted
growth. Researchers investigating aflatoxin exposure among young children in Benin and Togo,
found that stunted and/or underweight children had an average of 30—40% higher levels of
aflatoxin-albumen blood levels than children with a normal body weight (Gong et al., 2002) and
that elevated aflatoxin levels were associated with child stunting, child mortality, immune
suppression, and childhood neurological impairment (Gong et al, 2003). Chronic aflatoxin
exposure has also been linked with HIV and tuberculosis. Further, aflatoxin exposure may
compound pre-existing health problems (e.g., hepatitis B infection) and risk of disease
transmission. Short-term aflatoxin exposure at high levels of concentration (acute exposure)
causes hemorrhaging, acute liver damage, and edema and can be lethal. To date, hepatitis B
vaccinations, awareness campaigns, and chemoprevention measures have been used effectively
to help protect populations from these negative effects. Long-term crop storage facilitates
fungal growth (Gong et al., 2003). Therefore, efforts to incorporate food and feed storage as
part of climate change adaptation strategies should include support for pre- and post-harvest
handling, storage, and distribution methods that minimize contamination in products for human
and livestock consumption. Development of standards, guidelines, and regulations would help
to limit aflatoxin contamination and exposure. Targeted monitoring and surveillance systems
are needed for high-risk areas and populations.

In addition to food and feed storage, climate change adaptation strategies often involve
improvements in technologies, practices, and systems for water harvesting, storage, and
distribution in order to supply water when, where, and for whom it is needed, especially during
drought periods. In the development of these sorts of water-related adaptation strategies,
public health considerations must be incorporated to avoid the creation of disease vector
breeding sites harboring diseases such as malaria and schistosomiasis (Thomson, personal
communication, January 24, 2013). Boelee et al. (2012) found that there was increased
transmission of schistosomiasis around small reservoirs in Burkina Faso and more malaria cases
near a large Ethiopian dam.
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The public health community lags behind others in the use of climate-sensitive and
environmental information for decision-making, which has been attributed to structural
elements in public health decision-making and the need to better translate research into the
evidence required by decision makers (Thomson et al., in press). The Meningitis Environmental
Risk Information Technologies (MERIT) initiative provides a model of how climate scientists and
public health researchers and practitioners can work together to translate research discoveries
linking climate and health to improve response to outbreaks and development of a new
conjugate vaccine (Thomson et al., in press).

More research is needed to better understand the complex relationships between human
health and climate change, as well the relationship between land use, climate change, and health.
In establishing water management and irrigation schemes, and in the case of wetlands
management, consideration should be given to the potential impact on water-related diseases
(Cools et al., in press). More research is also needed to understand how nutrition and dietary
diversity may be impacted by climate change as a result of changes in food security and food
safety, as well as the impact of climate on ecosystems that support nutritious indigenous foods
(Fungo, 2011). The breeding of crops for climate adaptation should also take these factors into
account. Better partnerships are needed between the climate and public health communities so
that data sharing and local capacity strengthening for local data collection can ensure proper
development of integrated early warning and response systems (Connor et al.,, 2010).

REGIONAL AND LOCAL CHALLENGES

5.1.1 Overview

There is a growing interest in better understanding the human security implications of climate
change by examining relationships between climate and societal instability, conflict, and violence.
An emerging body of research identifies climate stress as one among multiple risk factors that
have the potential to increase conflict at a range of social and geographic scales. However,
experts remain unable to predict the location, timing, number, or magnitude of climate-related
conflicts using existing data sets and methodologies. Despite current research limitations and
uncertainties, many agree that climate change and conflict need to be addressed together and
that this objective presents major challenges regardless of whether or not causal pathways
linking climate variables to conflict can be clearly established. Opportunities for contributing to
advances in this body of knowledge and practice include supporting efforts to coordinate and
integrate climate science and social science research approaches, development and refinement
of climate- and conflict-related indicators, improvements in conflict monitoring and early
warning systems, and improvements in techniques for data collection and analysis.
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The National Research Council (NRC) Committee on Assessing the Impacts of Climate Change
on Social and Political Stresses provides a general conceptual framework for thinking about
climate-security relationships that involve vulnerabilities to climate events (Figure 19) (NRC,
2013: 35-52). This NRC report explains that many of these connections involve causation in
both directions. The report also points out that some of these causal links are much more
important than others on time-scales that are relevant for security analysis.

Climate Climate
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Other Suscepti-
Environmental bilityto

i Harm
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Coping,
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: : & Recovery
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& Political
Conditions

Fig. 19 Connections between climate events and outcomes of national security concern. The shaded area corresponds to the
event-exposure-vulnerability model in IPCC (2012). Source: NRC (2013: 38).

This conceptual framework can be used to identify possible causal pathways that may link
climate change and conflict, including factors such as temperature changes, precipitation
changes, extreme weather, water availability, food security, livelihood security, environmental
migration, and institutions. Water supply shocks, for example, may contribute to societal
conflict by simultaneously increasing resource competition, adversely impacting macroeconomic
outcomes, and reducing state capacity (Fjelde and von Uexkull, 2012; Hendrix and Salehyan,
2012).

The recent climate-conflict literature generally finds that climate stress does not trigger societal
conflict or security breakdowns in a uniform manner, but rather that the triggers tend to be
context specific. A number of studies identify climate change as a “threat multiplier” as opposed
to a direct trigger. That is, climate-related variables, such as rising sea levels, erratic rainfall,
longer dry periods, more intense rainfall events, more frequent and intense natural disasters,
and changing ecosystems, are additional factors that stress already fragile communities and, as
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such, they may reinforce or amplify the potential for conflict (e.g., Brown et al., 2007; Brown
and McLeman, 2009). Table 3 provides a ranking of West African countries by levels of state
fragility and coup risk.

Country 2011 State Fragility Index | 2013 Predicted Coup Risk

Chad

Cote d’lvoire

Sierra Leone

Guinea

Niger

Nigeria

Guinea-Bissau

Burkina Faso

Cameroon

Liberia

Mauritania

Gambia

Mali

Togo

Benin

Ghana

Senegal

Cape Verde

Table 3. West African countries by state fragility and coup risk (in descending order of fragility). Fragility Index from Marshall and
Cole (2011). High Scores indicate high fragility. Dark Gray=within highest 20 globally; Light gray=within ranks 2 [—47 globally;
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red=within ranks 48—121 globally. Predicted coup risk from Dart-Throwing Chimp (date accessed |5 February 2013). Categories
are based on visual inspection of natural breaks.

In a study examining the linkages between rainfall variations, economic conditions, and civil
conflicts, Miguel et al. (2004: 747) highlight the case of Sierra Leone where negative impacts on
the agricultural sector, following adverse rainfall shocks (declines in rainfall) in the early 1990s,
appears to have facilitated the recruitment to armed militias of rural youth seeking an
alternative source of income and that this surge in recruitment contributed to the escalation of
conflict with Liberian troops.

Brown and Crawford (2008) examined the potential for climate-induced economic and political
insecurity in Ghana and Burkina Faso, presenting best-, medium- and worst-case scenarios for
climate predictions to the year 2100. They concluded that climate change will not necessarily
drive conflict in these countries, but it is likely to make development challenges more complex
and urgent. While some investigators have found that natural disasters associated with extreme
weather may increase the risk of intrastate conflict (e.g., Nel and Righarts, 2008), others find no
increased risk of conflict as a result of extreme weather and, in some cases, report evidence of
cooperation between social groups following natural disasters (Scheffran et al., 2012a).

In an examination of the factors that facilitate or impede recovery after disasters, Aldrich
(2012) finds that people with strong social networks and access to critical information, tools,
and assistance experience faster recoveries than individuals and groups with limited social
capital (i.e., those who are less connected). He argues that social capital serves as an important
resource by fostering trustworthiness, diffusing information, and encouraging the creation of
new cooperative and civic norms. High levels of social capital accelerate post-disaster recovery.
People who lack connections and embeddedness in social networks are at a disadvantage, and
those surviving on the peripheries of society prior to a crisis or disasters may be further
marginalized during the recovery phase. Communities with both strong ties to each other
(horizontal connections) and connections to decision makers in government and/or
nongovernmental organizations are likely to experience better recoveries than those without
either form of social capital or those with only horizontal ties (Aldrich, 2012).

Spiegel et al. (2007) studied the occurrence and overlap of natural disasters, complex
emergencies (defined as humanitarian crises with total or considerable breakdown of authority
resulting from internal or external conflict that requires an international response), and
epidemics during the period of 1995 to 2004. The data sources for this study were: the Center
for Research on the Epidemiology of Disasters Emergency Events Database for natural disasters
(www.emdat.be); the Uppsala Conflict Database Program (www.ucdp.uu.se/database) for
complex emergencies; and the WHO outbreaks archive for epidemics. This research team
found that epidemics have occurred much more frequently during large-scale complex
emergencies than following large-scale natural disasters.

In an analysis of data on various forms of conflict, compiled in the Social Conflict in Africa
Database (SCAD; www.scaddata.org), Hendrix and Salehyan (2012) study the relationship
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between rainfall, water, and sociopolitical unrest in Africa by examining the effect of deviations
from normal rainfall patterns (rainfall anomalies) on various types of conflict. More specifically,
they examine how rainfall anomalies affect political behavior and the propensity of individuals
and social groups to engage in disruptive activities, including protests, riots, strikes, inter-
communal conflict, anti-government violence, government violence against civilians, and extra-
governmental violence. The results of this study indicate that rainfall variability has a significant
effect on both large-scale and smaller-scale instances of political conflict and that extreme
deviations in rainfall are associated positively with all types of political conflict. Violent events
were found to be more responsive to abundant rainfall than to scarce rainfall. At the time of
Hendrix and Salehyan (2012) study, SCAD contained roughly 6,000 cases of social conflict. This
database has since been expanded to include information on over 7,900 social conflict events
that occurred from 1990 to 201 1.

Examining the experiences of Sahelian and West Africa states, Humphreys (2005) identifies
possible mechanisms that link natural resources and extractive industries to conflict onset and
conflict duration, such as the ways in which natural resource revenues weaken state structures
or induce grievances. To address these concerns, he recommends better management of the
extraction process, better usage of resource revenues that are controlled by states, better
regulation of extractive industries, better provision of public information about how and where
revenues are earned and spent, and oversight of these expenditures by civil society groups.
While Humphreys (2005) does not specifically address changes in climatological conditions or
the relationship between climate change and social stress or instability, the approach he
develops to identify potential mechanisms linking natural resource extraction to conflict can be
applied to study cases involving the added element of climate stress.

In an analysis of 44 studies published during the period 1994-2012, Hsiang and Burke
(forthcoming) examine the impact of climatological conditions on conflict and societal stability
in both historical and modern periods. In the earlier studies, researchers found correlations
between climatological changes and conflict outcomes but were agnostic on causation. As the
evidence mounts, and as more sophisticated statistical methods are applied, the hypothesis that
climatological changes and conflict outcomes are causally connected is gaining support. Hsiang
and Burke (forthcoming) conclude that several potential mechanisms, such as government
capacity, labor markets, socioeconomic inequality, climate-induced changes in food prices,
logistical conditions, misattribution of poor economic conditions to governments or individuals,
collective psychological responses, and migration and urbanization, may contribute to societal
instability and conflict, pointing out that certain mechanisms may be more important than
others depending on the context, and that multiple mechanisms may act simultaneously to
produce combined effects.

Some studies attempt to determine how climate-conflict linkages are shaped by differences in
the economic and/or political status of social groups. Raleigh (2010), for instance, seeks to
explain how political and economic vulnerability to climate change influences the likelihood of
communal conflict across ethnic groups in Africa, where economically marginalized and
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politically excluded populations are likely to live in less developed and more degraded areas.
This study focuses on the dynamics of marginalization and political exclusion among pastoral
communities, nomadic groups, small ethnic groups, and highly dispersed groups in low-density
areas. Raleigh expects that patterns of communal conflict will reflect low levels of state capacity,
local poverty, and traditionally hostile relations across social groups inhabiting disaster-prone or
degraded areas. She argues that certain group characteristics (e.g., size, capacity, and power
potential) constrain manifestations of conflict and, further, that intergroup resource conflicts
and violence serve to mediate access to vital livelihood resources in areas where government
capacity is weak and populations have limited access to public goods. She points to the need to
improve subnational data on communal violence, resources, accessibility, and political
marginalization to better understand how strategies to access scarce or abundant resources
may lead to intergroup conflict.

Several efforts are already underway in sub-Saharan Africa to develop monitoring and early
warning systems, especially in zones where fragile political and economic systems are near
thresholds where climate-related environmental and socioeconomic shocks could spark chain
reactions that constitute security threats (e.g., Verdin et al, 2005; Duncan et al,, 2010). The
Famine Early Warning Systems Network (FEWS NET; www.fews.net), funded by USAID,
manages a data and information system focused on food security issues and offers a variety of
products, tools, and services to identify and address potential threats. The West Africa
Network for Peacebuilding (www.wanep.org), based at the Peace Monitoring Centre in Accra,
Ghana, implements the ECOWAS Early Warning and Response Network, which is an
observation and monitoring tool for conflict prevention and decision-making. In 2002, the
Intergovernmental Authority on Development (http://igad.int) in Eastern Africa established the
Conflict Early Warning and Response Mechanism (www.cewarn.org) to operate an indicator-
based early warning system to monitor and help prevent cross-border and interstate pastoral
and related conflicts.

The NRC Committee on Assessing the Impacts of Climate Change on Social and Political
Stresses (NRC, 2013) recently outlined the climate and social stress monitoring activities that
the intelligence community and partners should be developing to improve anticipation of
events, support more effective prevention efforts, and enable more decisive emergency
response. The committee put forth the following set of factors known to influence connections
between climate events and the potential for violence, conflict, or societal breakdown (NRC,
2013: 5-6):

* The nature, breadth or concentration, and depth of pre-existing social and political
grievances and stresses;

* The nature, breadth or concentration, and depth of the immediate impacts of the
climate event;

* The socioeconomic, geographic, racial, ethnic, and religious profiles of the most exposed
groups or subpopulations, as well as their susceptibilities and coping capacities;
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* The ability and willingness of the incumbent government and its internal and external
supporters to devise, publicize, and implement effective, transparent, and equitable
short-term emergency response and then longer-term recovery plans;

* The extent to which emergent or established anti-government or anti-regime
movements or groups are able to take strategic or tactical advantage of grievances or
problems related to responses to the event;

* The type, breadth, and depth of legitimacy and support for authorities, the government,
the regime, or the nation-state; and

* The coercive and repressive capacities of the government and its willingness and ability
to engage and carry out repression.

5.1.2 Farmer-Herder Conflict

One of the most prevalent forms of social conflict in West Africa is the recurrent struggle
between pastoral livestock herders and sedentary farmers. It is widely speculated that future
climate change will impact and possibly worsen conflict dynamics between these two groups
(Dong et al., 201 |; Maathai, 2011). Climate change will impact conflict dynamics indirectly by
altering pastoral mobility patterns and reshaping pastoral livelihood portfolios in ways that
increase friction with local farmers. In considering the climate change-conflict nexus, it is worth
emphasizing three important points: (|) conflict patterns are not likely to be novel—pastoralists
and farmers have negotiated such changes in the past, which have led to conflicts and ways to
resolve them; (2) farmer-herder conflicts are political and notoriously complex, and even
specific disputes that appear to be driven by environmental or climatic factors are more often
than not deeply political struggles; and (3) model-based analysis has limitations—by relying on
coarse-scale, aggregated data to predict conflict triggers and sources, quantitative models are
insufficient because they do not capture the processes by which everyday disputes between
herders and farmers escalate into full-blown, often bloody, conflicts.

These three issues affect the ways in which policymakers should engage with the most central
question concerning climate change and pastoral conflict: how do institutions, at various scales,
mediate and manage the factors that create animosity surrounding pastoral resource access?!
Such conflicts overwhelmingly occur between pastoral herders and farmers. In contrast to East
Africa and its diversity of pastoralist ethnic groups, West African pastoralism is largely
dominated by members of the Fulani ethnicity, which likely reduces the possibility of intra-
group conflict (e.g., between clans or Fulani of different nationalities), although there is scant
empirical data on this issue. It is possible that certain climate scenarios could create the
conditions for increased conflict among pastoralists and such an eventuality could be addressed
through many of the measures described below that focus on conflicts between farmers and
herders.

Traditional institutions will continue to play the most important role in mediating farmer-
herder disputes and preventing them from escalating. Turner et al. (2012) point out that in one
agropastoral community in Niger people prefer to use informal channels to resolve their
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differences amongst themselves, and care must be taken not to unintentionally erode or
delegitimize these longstanding institutions. This case study reflects conflict management
institutions found throughout West Africa that are based on relationships and mutual
interdependence between pastoral livestock herders and farmers (Bassett and Kone, 2006).
Relationships between pastoral herders and farmers are simultaneously antagonistic and
friendly. The strands of friendship are relied upon to resolve disputes when they occur.
Although it is widely recognized that the productive complementarity of the two groups has
declined (e.g., cattle manure fertilizer for crop residue fodder; cf. Mortimore, 2010), and this is
thought to increase conflict probability (cf. Davidheiser and Luna, 2008), these relationships
continue to play a key role in conflict management and will continue to do so. Important
strands of complementarity still exist (e.g., borrowing of draught animals, cash loans, livestock
entrustment, and access to farmland), and friendships endure and even become stronger as
livelihoods become more similar.

When disputes do overwhelm informal channels—and certain climate change scenarios may
increase the frequency of these episodes—the issue of justice will become more critical. This
represents an area where democratic local institutions can intervene effectively. This is an issue
that has never achieved adequate attention yet does more than anything else to worsen farmer-
herder conflicts. The practice of authorities, especially judges and law enforcement officials,
taking bribes during dispute resolution proceedings aggravates tensions between the two
groups, causing them to boil over occasionally (Moritz, 2010). It has been pointed out that
pastoralists in Mali rely on bribery because, lacking formal land tenure, they do not have secure
access to the resources on which they rely (Benjaminsen and Ba, 2009). However, this is a
shortsighted strategy at best and one that is increasingly irrelevant as governments across the
sub-region have enacted “pro-pastoral” legislation that protects pastoral tenure (Hesse, 201 1).

The real challenge now is implementation. Structural adjustment and political decentralization
throughout West Africa means that local governments, many of them weak and underfunded,
are responsible for implementing national laws. All parties involved must work to reduce the
role of bribery in rural affairs through more transparent, rule-based governance, especially at
the local level. Evidence from Mali suggests that democratic decentralization is empowering
local governments to do just this by keeping higher-level authorities out of dispute resolution.
This is a promising development, although much more needs to be done considering the low
level of capacity of most local institutions.

The corruption/justice issue relates directly to the threat of climate change because
government issues are likely to deal with the underlying issues that cause conflict (i.e., resource
competition, rural investment, crop damage) with much more frequency. Under most climate
change scenarios, it is how institutions address these issues, rather than the issues themselves,
that will potentially lead to more pastoral herder-farmer conflict.

Effective long-term conflict management will rely on proactive government policies to address
the previously discussed issues surrounding natural resource management. Agricultural
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expansion is shrinking the pastoral resource base throughout West Africa, and the time has
come to begin actively managing pastoral resource areas where grazing is permitted but
cultivation is not. Many farmer-herder conflicts erupt when herders intentionally damage the
crops in a farmer’s field because the herder believes that the farmer does not respect his right
to grazing land.

Shrinking pastoral resources increasingly have led pastoralists to rely on aerial forage (tree
branches) to feed their animals (Gautier et al., 2005). This is still punishable under regional
forestry laws and often done unsustainably, which draws the ire of farmers, yet it is unlikely to
stop. Instead, it should be legalized, regularized, and managed with the participation of local
herders and farmers.

Pastoral labor shortages often cause, in addition to other problems, crop damage and ensuing
conflict with farmers (Bassett, 1994). More effort should be made to improve the functioning
and transparency of pastoral labor markets in the region to ensure that conflicts involving wage-
earning herders can be managed effectively. This is especially true given that, as climate change
forces pastoralists to diversify their livelihood portfolios, they will increasingly rely on wage
labor to tend their herds.

For centuries migration has been used by rural households in West Africa to cope with climate
variability, particularly in the Sahel (Rain, 1999; de Sherbinin et al., 2008; UNEP, 201 |). Thus, for
some, migration flows as a result of climate change and variability in the region is viewed as
simply a continuation of age old patterns of transhumance, seasonal migration, and rural-urban
migration (Batterbury, personal communication, 2009; Tacoli, 201 I; White, 201 1), while others
identify what they believe to be an increase in “distress migration” owing to a lack of livelihood
options in rural areas stemming from environmental degradation and climate changes (Warner
et al., 2009).

Some of the polemics regarding population dynamics and migration in the Sahel have to do with
a narrative, established after the great Sahel droughts of the mid-1970s and 1980s, that
identified over-population as driving land degradation, with drought providing a trigger for
famine and population reductions via mortality and out-migration. Out-migration itself was thus
characterized as evidence that local agro-ecosystems could not sustain such large or growing
populations (Higgins et al., 1982; Dietz and Veldhuizen, 2004). This has since been hotly
contested (Mortimore and Adams, 2001; White, 2011). If we accept the argument that
migration has been part of a long-term strategy of income diversification linking communities
through trade and labor (Batterbury, 2007), the question remains, has the situation substantially
changed in the past decade, and/or is it likely to do so in the future?
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5.2.1 Recent Environmental Migration

In Burkina Faso, a nationally representative retrospective study on rainfall and migration
conducted from 2000 to 2002 (Henry et al.,, 2004) found that people from drier regions are
more likely to migrate temporarily and to a lesser extent permanently to other rural areas
(rural-rural migration) compared with people from wetter areas. Rainfall deficits were found to
increase rural-rural migration but decrease international migration, with no changes in urban-
rural migration. More recent evidence from northern Burkina Faso, based on survey and focus
group research conducted by the UNECA’s African Climate Policy Centre, suggests that recent
droughts have led pastoralists in the Sahel province to either abandon livestock raising and
move west or to urban centers, or to move herds to more vegetation-abundant low lying areas
resulting in the degradation of the few fertile areas left (Traoré, personal communication,
2012).

The Sahel droughts propelled a great expansion in West African cities as rural farmers and
pastoralists sought food aid and alternative livelihoods. The droughts also drove some to move
southward to coastal countries (Adepoju, 1995). In recent years, southward migration and
urbanization have continued in the forest and savannah countries, with climatic factors
contributing to the movement (Van der Geest et al., 2010; UNEP, 201 |; Rademacher-Shulz and
Mahama, 2012). A global migration modeling effort (CIESIN, 2011) found that roughly 10.6
million people left the drylands from 1970 to 2000, whereas a nearly equivalent number, 9.2
million, migrated to coastal ecosystems. Of the 9.2 million migrants to the coastal ecosystems,
some 6.6 million people moved to the low elevation coastal zone (the area from 0—-10 m above
sea level), mostly to urban areas, which suggests that populations are moving toward areas at
risk of sea level rise (de Sherbinin et al., 2012).

There are two emerging phenomena with respect to migration. One is the growth in migration
to Europe since the 1990s, overland and by sea, using small fishing boats (Tacoli, 2011). It is
difficult to determine the degree to which this migration is associated with declining
environmental or climatic conditions versus other causes such as economic stagnation, the
opening of new routes (however hazardous), more exposure to media images in even remote
rural villages, and perceptions that European destinations offer greater opportunities (de
Sherbinin, 201 1). Another phenomenon is the rise of Al Qaeda in the Islamic Maghreb and the
potential for growing Islamist activity to create refugee movements, as people flee strict Islamist
controls and violence. The potential for a long-term conflict cannot be ruled out, and conflict is
often associated with large population displacements. Some will likely resettle elsewhere while
others may be stuck in refugee camps or urban slums for prolonged periods (Moriniere et al.,
2009; Oliver-Smith and de Sherbinin, forthcoming).

5.2.2 Future Climate Change Impacts on Migration

A report on the potential for “high end” climate change (+4°C this century) to impact on
resources and society in ways that might trigger migration and displacement (New et al., 201 1)
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found that five West African countries (Senegal, Guinea, The Gambia, Sierra Leone, and
Mauritania) are at risk of multiple impacts affecting water supplies, agriculture, and coastal
zones (owing to sea level rise), which places them in the top 30 of such countries around the
world. The authors do not attempt to estimate the potential migration flows resulting from
these impacts, but instead note the numbers of people in regions that will likely be affected.

White (201 1), on the other hand (based on the somewhat contradictory climate model outputs
for the Sahel reported in Lenton et al. [2008]), suggests that if the Sahel tips toward a
“greener” and moister state, migration, if correlated with drying, could actually decline.
Kniveton et al. (2012) conducted agent-based modeling for Burkina Faso based on multiple
population change and migration scenarios and find that most of the scenarios show that the
percentage of people migrating (from the original population) declines owing to a “wetting
rainfall trend” in the ENSEMBLES scenarios, but that drier scenarios do produce enhanced
migration. They find that with increasing levels of projected population growth, the climate
change signal is enhanced, producing more migration.

Whatever the average rainfall trends for the Sahel, the number of extreme events is likely to
increase, including both floods and droughts (IPCC, 2012; Warner et al, 2012). The UK
Government’s Foresight project on migration and environmental change (Foresight, 201 1) finds
that under two scenarios of future climate and economic change there is a substantial risk of
increased population displacement from river flooding in the region, along with displacement
from sea level rise and flooding in the coastal zone. Nigeria, Benin, and Niger were each
affected by floods from July to September 2010 that displaced an estimated 2 million, 831,000,
and 226,000 people respectively (Yenotani, 201 I). Drought risks remain a significant threat to
the region, as evidenced by recurring droughts and famine in Niger (Nossiter, 2010; BBC,
2012), and are likely to drive displacement in the future, unless adaptive responses are
developed (BBC, 2012). A number of analysts have sought to counter the perception that
migration represents a failure of adaptation by emphasizing its positive aspects in terms of
income diversification and risk reduction (Tacoli, 201 I; UNEP, 201 I).

GUIDELINES AND RECOMMENDATIONS

Given the high levels of uncertainty concerning rainfall, linked both with the uncertainty of long-
term projections and the strong decadal variability in the region, risk management approaches
should be prioritized.

Effective climate risk management generally involves developing a robust and flexible portfolio
of actions aimed at risk reduction and risk transfer and response to events, as opposed to
adopting a single focus on any particular measure. At the local level, portfolios should be
developed in collaboration with communities in ways that are context specific, respond to
clearly identified needs and vulnerabilities, and empower affected populations to develop,
modify, and control their own approaches in order to adapt more quickly to a rapidly changing
environment. At the regional, transboundary, and national level, capacity-building efforts should
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aim to strengthen monitoring agencies and research centers such as AGRHYMET, African
Centre of Meteorological Applications for Development (ACMAD), and university-based

groups.
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In addition to embracing a climate risk management approach, adaptation efforts in West Africa
should seek to:

* Enhance climate-related technical, management, institutional, and governance capacity,
including improving information and monitoring systems.

* Question existing paradigms and support flexibility in ways that advance sustainable and
resilient development and encourage new response patterns.

* Address the underlying causes of climate vulnerability, including the structural
inequalities that create and sustain poverty and constrain access to resources and
markets.

* Apply focused approaches that address specific priority contexts at multiple spatial
scales including key transboundary issues (e.g., river basin management), promising
economic activities, and resource management options for the ecological transition
zones connecting Sahelian, coastal, and tropical inland areas."

Options for Capacity Building:

* Offer incentives and support to the regional climate research agendas of regional
universities and technical institutes.

* Support a program (e.g., that provides post-doctoral fellowships) to advance the science
and tools necessary to better predict the impacts of climate change on diverse sectors
at the regional and national levels. The strongest institutions in the region (e.g.,
AGRHYMET, ACMAD, and the CILSS economics and policy center) are in the best
position to host such a program with the objective of analyzing issues of the greatest
importance to targeted countries. Efforts would be coordinated in partnership with
national institutions to ensure that the program addresses real needs and provides
implementable solutions. The program would be designed in collaboration with research
institutions in developed countries.

* Support a series of intensive two-week courses concerning sector-specific climate
change impacts in order to strengthen the understanding of climate change and to
enhance the capacity to make informed decisions. These short courses should target
professionals and recent graduates with limited prior experience with or knowledge of
climate change-related topics.

Support Research and Adopt Iterative Approaches:

* Identify and support research agendas that target individual sectors and related linkages.
Many of these research agendas are already well-defined and documented. An iterative

s These guidelines are drawn from a recent report of the IPCC about managing the risks of extreme events and disasters (IPCC,
2012).
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strategy will lead to the most beneficial adaptation outcomes owing to the complexity,
uncertainties, and long time frame associated with climate change; this should be
adopted for monitoring, research, evaluation, learning, and innovation.

Address Underlying Causes of Climate Vulnerability:

Sustainability requires addressing the underlying causes of vulnerability, including the structural
inequalities that create and sustain poverty and constrain access to resources and markets.
Measures that already provide benefits in addition to a range of other scenarios (“no- or low-
regrets options”) represent a good starting point because they address other development
goals and help build resilience (e.g., early warning systems, health surveillance, and access to
clean water and adequate sanitation).

Recommendations for Agriculture:

In order to prepare for projected temperature increases, it is important to collect, evaluate,
and breed cultivars to adjust to changes based on how long a given crop needs to mature, and
to select for heat tolerance. Cultivars can also be bred and designed to better tolerate
waterlogging, grow in more arid conditions, and better withstand stress. The focus should be
on those Sahelian crops that are most critical to the economic wellbeing of the region and that
are already at, or close to, their maximum temperature range. This is because a changing
climate may subject crops—particularly in the Sahel—to conditions with no historical analogue
(CCAFS, 2012). Flexible cultivars that can be integrated with intercropping, agro-forestry, and
water conservation and management systems will assist farmers to diversify, more effectively
manage risk, and improve yields (Haussmann et al., 2012).

The most successful adaptation measures will be those that strengthen smallholder systems,
allow farmers to perceive a measureable increase in output, and are based on collective action
at the local level (McCarthy et al,, 201 1). Moving from a “technological package” approach to
empowering farmers as active participants in plant breeding, extension, and seed systems will
ensure that interventions are relevant and responsive (CAADP, 2011). Innovation platforms
that bring together value chain participants and other stakeholders will help to strengthen
institutions and improve market access (Puskur et al., 201 1).

Hounkonnou et al. (2012) suggest that institutional barriers explain a large proportion of the
variance in the quantity and quality of agricultural output in sub-Saharan Africa. They argue that
these institutional barriers can only be removed by engaging with the institutions themselves to
develop win-win situations because farmers are too powerless to effect change against the
formal and informal systems that have evolved to extract wealth from the agricultural sector.

* Recognizing that policy recommendations can best be drawn from a risk management
perspective, study the probability of high-impact scenarios, which can then be assessed
according to regional, country, and geographical context in order to identify the most
vulnerable populations.
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* Keep in mind that high uncertainty concerning rainfall amounts and timing strongly
suggests the need for improvements in water management, which will benefit rain-fed
agriculture in humid, in addition to semi-arid zones. When evaluating a number of
climate change adaptation options for smallholder farmers, consider that decentralized,
small-scale agricultural water management interventions represent low-cost,
economically beneficial options for increasing agricultural resilience (Ngigi 2009).

* Strengthen smallholder farming systems by enhancing the dissemination of weather
information to farmers (e.g., seasonal forecasts that can aid farmers with decision-
making); investing in small-scale agricultural water management; improving irrigation
infrastructure and distribution of seed, fertilizer, and pesticides; providing functional
credit and insurance institutions; and improving market access (Mertz et al., 201 I).

* Focus on breeding resilient and flexible cultivars for key staple crops.

* Empower farmers to actively participate in finding solutions to the issues that affect
them. Develop innovation platforms that bring together value chain participants and
other relevant stakeholders to help strengthen institutional capacity as well as improve
market access. This includes engaging all stakeholders to overcome institutional barriers
to climate change adaptation and resilience.

Recommendations for Pastoralism and Livestock Production:

In all but the worst case climate change scenarios, a livelihood portfolio based on cropping and
livestock is likely for both pastoralists and farmers. Climate change adaptation strategies must
focus on livelihood and production systems that combine markets, mobility, and opportunities
for intensive crop and animal production. This will include several measures that are currently
underemphasized or entirely absent from livestock-oriented projects:

* Rehabilitate areas suffering from degradation (e.g., loss of perennial grasses and shrub
encroachment) through rangeland enclosures managed in collaboration with local
herders and farmers.

* Develop livestock adaptation policies that include measures to support the sustainable
production and marketing of supplemental livestock feed (e.g., cottonseed cakes and
fodder crops).

* Advance research on how the expected negative impacts of climate change on staple
crop production may affect West African livestock owners who increasingly rely on
purchased feed inputs.

* If targeting livestock herders, improve, fine-tune, and calibrate climate forecasting to
provide intra-seasonal rainfall and water resource information.

* Be aware that broadcasted information about resource availability (grazing areas; water)
is risky because provision of this type of information as a public good may lead to
overexploitation of resources and it may advantage larger, commercial herders to the
detriment of smallholders.

* Improve herder decision-making by providing general information about expected
climate change impacts in the region.
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* Promote inclusive democratic local governance that enfranchises livestock herders,
including measures to improve and secure pastoral herding labor markets. This will be
critical to successful efforts to adapt to climate change. .

* Do not overlook local pastoral knowledge and understanding of these issues.

Recommendations for Rivers and Water Resources:

* Enhance data collection for both historic monitoring and modeling future water
resources. Establish systematic climate and river monitoring stations across West Africa
and water basins. Link these international standardized monitoring stations with local
research and knowledge networks and with regional or continent-wide management.

* Downscale the spatial specificity of water availability, stress, scarcity, vulnerability, and
footprint indices. Despite a range of methodologies to identify various water stresses,
the availability of robust data at a higher resolution is required to advance sequencing
and prioritization of various interventions and government action.

* Through existing regional monitoring programs (e.g., FEWS NET), monitor for rapid
changes in water supply that outpace the ability for institutional response.

* Prioritize institutional and governance capacity regardless of projected climate changes.
This includes basin management organizations, national water management
organizations, and local organizations.

Recommendations for Inland and Coastal Wetlands:

Direct climate change stressors, such as increasing variability in precipitation patterns, rising
temperatures, and rising sea level, represent serious threats to the integrity and sustainability of
inland and coastal wetlands in West Africa. These threats are exacerbated by human actions
that directly impact these resources at a local level. Further, climate change impacts that reduce
the services and productivity of other regional ecosystems may indirectly contribute to
increased resource use pressure on wetlands (Mitchell, 2013). Thus it will be necessary to:

* Build on previous and existing wetlands inventories and efforts to identify priority sites
for wetlands conservation, monitoring, and sustainable development in ways that
consider different climate change scenarios (e.g., sea level rise scenarios) (Mitchell,
2013).

* Improve knowledge of wetlands biodiversity dynamics, including research on the
potential consequences of climate change for habitat species composition (e.g., potential
for displacement of native vegetation by non-native invasive plant species) (Mitchell,
2013).

* Improve knowledge of the economic and ecological values of wetlands ecosystems to
inform development of integrated management strategies and to increase awareness of
the economic and ecological importance of wetlands under climate change (Sene et al.,
2006; Feka and Ajonina, 201 1).
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* Promote good governance and integrated management of water resources to ensure
the sustainability of inland wetlands and fisheries, as well as to mitigate the potential for
conflict due to resource utilization by multiple stakeholders (Mitchell, 2013).

* Promote effective institutional and governance mechanisms to preserve and protect
coastal wetlands from loss and degradation due to development activities, especially in
Nigeria, Benin, and Togo where up to 40% of the country’s population resides in the
coastal zones.

* Support the development of regional wetlands management institutions to foster cross-
border partnerships and cooperation.

* Advance use of remote sensing to monitor land-use/land-cover change in both inland
and coastal wetland areas.

* Improve the monitoring of the quality and quantity of freshwater reservoirs located in
coastal regions that are threatened with salinization due to sea level rise.

* Partner with multidisciplinary networks of wetlands experts in the region such as the
Sahelian Wetlands Expert Group and the Coastal Planning Network (Sene et al., 2006).

* Ensure that wetland resource management is adaptive in the face of uncertainties in
climate change outcomes.

* Design and deploy effective technological and management mechanisms to mitigate and
prevent the erosion of coastal wetlands.

* Provide wetlands managers with training on habitat restoration and rehabilitation
strategies that consider the projected impacts of climate change (Erwin, 2009).

* Integrate the management of coastal mangrove forest ecosystems within robust forestry
management and integrated coastal zone management strategies.

* Integrate alternative income generation approaches and alternative energy sources (to
reduce extraction of wood fuel) into coastal wetland management to offer alternative
livelihood options to populations subsisting on coastal resources.

Recommendations for Forests and Woodlands:

More research is needed concerning how global climate change may affect the future
distribution of humid tropical forests around the world by modifying hydrological regimes. The
same holds true for forest cover dynamics and regeneration in West Africa and the interactions
between climatic and human activity that influence forests and woodlands—including the
impacts of urbanization trends and the demands of growing urban populations for forest-based
resources and ecosystem services. In the Sudanian savannah and Sudano-Sahelian transition
zone many farmers have responded to the scarcity of forests and woodlands by protecting,
pruning, and managing trees and shrubs that regenerate spontaneously on their lands.
Recommendations include:

* Examine existing efforts to support regreening in the Sahel, coastal zone, and tropical
inland areas through farmer-managed natural forest regeneration and identify
opportunities to integrate climate risk management into regreening strategies.

* Improve monitoring of land use/cover changes and vegetation cover dynamics.
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* Improve the management of fruit trees in agroforestry parklands to improve rural
livelihoods in the Sahel.

Recommendations for Fisheries:

Coastal and inland fisheries are critical both as a source of income and food. Coastal fisheries
are already under threat due to over-fishing and harmful fishing practices. Climate change-
induced acidification and increases in sea levels and sea surface temperature will likely lead to
even further reductions in fish stock. Therefore we recommend that stakeholders:

* Examine the sustainability of expanding on- and off-shore aquaculture to increase
production and promote fish as an alternative regional food source.

* Improve governance and institutional capacity to ensure that planning and management
of sustainable fisheries incorporate knowledge of potential climate change impacts under
different scenarios.

* Improve monitoring of regional fisheries.

* Collaborate with multi-disciplinary networks of fisheries and aquaculture experts in the
region, such as the African Fisheries Experts Network (www.afri-fishnet.org) established
as part of the Partnership for African Fisheries as a core resource for NEPAD.

* Provide fisheries and aquaculture managers with scientific and technical training and
mentoring opportunities that promote sustainable practices and raise awareness of
climate-related vulnerabilities, potential climate change impacts, and promising coping
strategies.

Recommendations for Human Health:

Adaptation to climate change in West Africa, as elsewhere, requires the development of
strategies that take into account multiple sectors and various interrelated human health
concerns related to disease control, disease habitat transformations, land-use change,
agricultural practices, food safety and nutrition, water quality and quantity, and access to safe
food and water supplies. Recommendations include:

* Support the launching of the WHO consortium aimed to develop a comprehensive
policy framework to provide a scientific and evidence-based coordinated response to
climate change adaptation needs of African countries.

* Improve hydrological models that simulate variations of mosquito breeding sites in
order to better understand and possibly predict Rift Valley fever transmission dynamics.

* Improve potable water supply, road drainage systems, and sanitary conditions to
alleviate outbreaks of water-borne infectious diseases such as cholera and typhoid.

* In the development of adaptation strategies that involve water harvesting and storage,
health considerations must be incorporated since water-based disease transmission is a
potential consequence.

* Research behavioral responses of the malaria vectors (Anopheles melas and Anopheles
gambiae) to habitat transformations caused by sea level rise.
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* Utilize the Early Warning Index and risk maps at regional scales for meningitis epidemic
onset prediction in order to optimally direct national and international health policy
(Sultan et al., 2005).

* Research the effects of climate-related migrations on disease distribution (e.g., the
potential spread of diseases into non-endemic regions when infected people migrate to
places where vectors are present) (de Souza et al, 2012).

* Advance research on the pathways by which climate impacts nutrition and food security,
including food availability, stability of supply, access, and utilization (Tirado et al., 2010;
Tirado and Meerman, 2012).

* Support further research to improve understanding of the human and livestock health
impacts of toxins produced by fungi (mycotoxins) (Gnonlonfin et al., 2013).

* Support cross-sectoral initiatives to reduce the risks of aflatoxin contamination and
exposure. Aflatoxin exposure intervention strategies should be targeted at high-risk
areas and populations, such as populations whose primary weaning foods are at high-risk
of aflatoxin contamination (Gong et al. 2003).

* Improve the capacity of the public health community to use climate-sensitive and
environmental information for decision-making by providing platforms that bring climate
scientists, public health researchers, and public health practitioners together to translate
research into the evidence needed by decision makers. The MERIT initiative provides a
model (Thomson et al., in press).

Recommendations related to Conflict and Security:

Climate stress is one among multiple risk factors that have the potential to increase conflict at a
range of social and geographic scales. Despite current research limitations and uncertainties,
there is widespread agreement that climate change and conflict need to be addressed together
and that this objective presents major challenges whether or not causal pathways linking climate
variables to conflict can be clearly established. Contributions to this body of knowledge and
practice could include supporting efforts to coordinate and integrate climate science and social
science research approaches, development and refinement of climate- and conflict-related
indicators, improvements in conflict monitoring and early warning systems, and improvements
in techniques for data collection and analysis. Recommendations include:

* Recognize that climate change is more often a “threat multiplier” than a direct trigger.

* Prioritize a range of existing development programs to adapt to changing climate
patterns.

* Provide sustained support for integrated climate science and social science research on
climate-security connections in West Africa to better understand the causal pathways
and mechanisms linking climate variability and change to societal instability and conflict in
the region.

* Support efforts to establish regional early warning systems for sudden climate-related
disturbances, especially where political and economic systems are so fragile that a
climate shock could create a chain reaction leading to a security threat.
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* Increase USAID interactions with the intelligence community to help advance existing
conflict monitoring and early warning systems in ways that integrate climate-related
stress. Request analyses of high-priority countries in the region.

* Apply scenario approaches to think about: unexpected and potentially disruptive single
climate events (“climate surprises”); conjunctions of events (clusters) with common
causes occurring simultaneously or closely in time; sequences or cascades of events in
which a climate event leads to a series of consequences; and disruptions of globally
connected systems that support human wellbeing (NRC, 201 3).

* Promote and participate regularly in efforts to establish a system of periodic “climate
stress testing” for West African countries as well as for critical global systems. These
stress tests would be used to assess potentially disruptive conjunctions of climate events
and socioeconomic and political conditions (NRC, 2013).

* Recognizing that the potential for conflict is largely mediated by governance structures,
promote climate change adaptation strategies that facilitate conflict management and
cooperation among social groups through effective institutional frameworks and
governance mechanisms (Scheffran et al., 2012a: 870).

* Promote accountable, transparent government institutions to better meet citizen
demands through regular, peaceful means (Hendrix and Salehyan, 2012).

* Promote activities that bolster social capital and civil society participation in planning,
implementation, and monitoring of disaster risk management and climate change
adaptation activities (Aldrich, 2012).

* Promote activities that target likely causal pathways linking climate stress and conflict,
for example more widespread use of climate index insurance to help reduce the
livelihood impact of droughts and floods.

* Promote active management of pastoral resource areas where grazing is permitted but
crop cultivation is not. Many farmer-herder conflicts erupt when herders intentionally
damage the crops in a farmer’s field because the herder believes that the farmer does
not respect his right to grazing land.

* As aresponse to shrinking pastoral resources, promote the legalization, regularization,
and management of aerial forage (tree branches) to feed livestock. This should be done
in collaboration with local communities of herders and farmers and local governments.

* Develop policies and practices that support improvement of the functioning and
transparency of pastoral labor markets in West Africa to ensure that conflicts involving
wage-earning herders can be managed effectively. As pastoralists diversify their
livelihood portfolios in response to climate change, they will increasingly rely on wage
labor to tend their herds.

Recommendations related to Migration:

Migration is a part of the fabric of West African societies. It has been an adaptive strategy for
climate variability that will undoubtedly continue. Efforts to manage or limit migration have
largely failed elsewhere, and therefore there is no reason to believe that they will be successful
within the African context.
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Migration has been conceived by some as a failure of adaptation. In this context, policy options
can be developed to help people to better cope with climate extremes in situ, which could lead
to a reduction in distress migration. Thus, stakeholders should:

Increase the governance capacity of city and town planners and managers in order to
accommodate likely future increases in rural-urban migration volume.

Encourage continued seasonal migration to cities and coastal areas by generating
additional employment opportunities.

Research past climate variability and migration impacts as a way to understand likely
future volumes of migration.

Research the effects of climate-related migrations on disease distribution (e.g., the
potential spread of diseases into non-endemic regions when infected people migrate to
places where vectors are present) (de Souza et al, 2012).

In the absence of “hard data” on rural-urban and international migration, there is a need
for cross-national survey research on migration streams in West Africa in order to
better characterize the flows.

Recommendations for the Sahelian Zone:

Support better management of transboundary watersheds using multi-stakeholder
approaches to avoid conflict over water resources given that surface water resources
often amplify rainfall anomalies (both droughts and floods) and given expectations that
there will be increased pressure on water resources due to population growth as well
as water demands for irrigation and the generation of hydropower.

Where possible, advance breeding and improve management of drought-, heat-, and
waterlogging-tolerant crop varieties in both the agriculture and agro-forestry sectors.
Focus should be on those agricultural products most important to the region, both
economically and nutritionally.

Encourage continued seasonal migration to cities and coastal areas by generating
additional employment opportunities, while simultaneously developing policy options to
help people better cope with climate extremes in situ, which could help reduce distress
migration.

Invest in decentralized, small-scale water supply infrastructures, such as dams and
irrigation systems, to extend the length of the growing season.

Identify opportunities to integrate climate risk management into regreening strategies
through an examination of existing efforts to support regreening through farmer-
managed natural forest regeneration.

In collaboration with local communities and governments, explore innovative
combinations of the most promising options for agriculture, agroforestry, and
regreening to determine which are likely to be the most flexible and most sustainable
given uncertainty over the impact of climate change.

Develop new livelihood opportunities for pastoralist populations and investigate how to
incorporate more livestock production into the livelihoods of populations that typically
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rely on crops. This will help build resilience and improve nutrition by meeting regional
protein needs.

Recommendations for the Coastal Zone:

Improve geospatial data and infrastructure to support urban planning and the
development of integrated coastal zone management plans that address risks and
opportunities as they relate to: projected sea level rise; expected increase in the
frequency of storms, storm surges, and floods; urbanization trends; and coastal wetlands
protection and management.

Inform decision makers and the public about the risks and potential impacts of sea level
rise to guide land-use zoning and the relocation of vulnerable populations.

Improve the monitoring of quality and quantity of freshwater aquifers in those coastal
regions threatened with salinization due to over-abstraction and sea level rise.

Explore how to improve governance and institutional capacity to promote sustainable
fisheries landings while incorporating knowledge of potential climate change impacts.
Support efforts to preserve, protect, and restore coastal wetlands (e.g., mangroves) to
buffer the impact of storms that may increase with climate change. Design and deploy
effective technological and management mechanisms to mitigate and prevent the erosion
of coastal wetlands.

Integrate the development of alternative income-generating activities into coastal
wetland management strategies to relieve pressure from subsistence use of these
coastal resources.

Examine the sustainability of expanding on- and off-shore aquaculture to increase fish
production as a regional food supply.

Recommendations for the Tropical Inland Zone:

In order to support those agricultural products most important to the region,
encourage the breeding and improve the management of heat-resistant varieties and
advance farming practices more appropriate for hotter growing conditions (e.g., agro-
forestry and the cultivation of shade crops).

Support better management of transboundary watersheds using multi-stakeholder
approaches to avoid conflict over water resources given that surface water resources
often amplify rainfall anomalies (both droughts and floods), and given expectations that
there will be increased pressure on water resources due to popAulation growth as well
as water demands for irrigation and the generation of hydropower.

In areas that could potentially sustain higher productivity, support agricultural
intensification and modernization by providing improved seeds (high yielding varieties),
fertilizer inputs, tractor services, improvements in small-scale livestock production (e.g.,
vaccination campaigns), provision of micro-credit services to farmers, and improved
market linkages. This will help meet regional food needs. Sustainable agricultural
intensification and modernization will help to offset decreasing availability of agricultural
land and boost local employment.
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Invest in decentralized, small-scale water supply infrastructures, such as dams and
irrigation systems, to extend agricultural production into the dry season and ensure
year-round farming.

Concentrate on transboundary programs that aim to promote and safeguard gains in
forested and reforesting areas in order to maintain biodiversity, natural resources, and
the variety of ecosystem services that support human livelihoods and wellbeing. This
approach could contribute to both climate change adaptation and mitigation.

Support carbon sequestration efforts in protected forests, tree crop plantations, and
wetlands through Reducing Emissions from Deforestation and Forest Degradation Plus
(REDD+) and carbon credits.

Take measures to control bush fires to prevent the destruction of economic trees,
crops, and other types of vegetation cover.
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