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Abstract
Agriculture is a major source of livelihood and income in The Gambia. Despite its
socio-economic importance, the sector faces many institutional, technological, and
biophysical challenges limiting its contribution to economic development. The
situation is exacerbated by adverse effects of climate change, which is undermining
national efforts, making The Gambia one of the most vulnerable to climate change.
This report documents and synthesizes available climate-smart agriculture (CSA)
options that can inform adaptation planning in The Gambian agriculture and food
system. We analysed the relevance of the documented options in sustainably
increasing productivity and income while building climate resilience and reducing
GHGs emissions in food systems. Through a mixed approach integrating multiple
sources, a total of 28 technologies and practices has been identified as relevant
adaptation options for The Gambia agriculture and food system. These options are
grouped into nine adaptation categories including Crop diversity use and
management, Soil and nutrient management, Soil & Water Conservation and
Irrigation, Agroforestry systems, Livestock-based systems, Agro-climatic information
services, Social network and institutional support, and Livelihood diversification.
Except for post-failure coping strategies known to be ineffective and unsustainable,
all the identified options have some potentials to sustainably increase agricultural
productivity and income while adapting and building resilience to climate change and
reducing greenhouse gas emissions. This synthesis provides evidence of potential
climate-smartness of the selected adaptation options and could be important to inform
adaptation planning and prioritization.

Keywords
Climate-Smart Agriculture; Adaptation; Resilience; Productivity; Mitigation;
Systematic review; Gambia
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Introduction
Agriculture is a major source of livelihood and income in The Gambia. It contributes
25% of GDP, employs about 70% of the labor force and is the main source of income
for about 72% and 91% of respectively poor and extremely poor rural households
(FAO et al., 2018; GNAIP, 2010). The agricultural sector is projected to continue to
be predominant contributor to the economic development of The Gambia (Tinta,
2017). The sector is characterized by small-scale subsistence rainfed crop production
(mainly groundnuts, coarse grains, rice and cassava), traditional livestock rearing,
semi-commercial groundnut and horticultural production, small cotton and a large
artisanal fisheries sub-sector (GNAIP, 2010). Meanwhile, groundnut remains a major
cash crop for the Gambia with about 5% contribution to the national GDP (FAO et al.,
2018). The livestock system is essentially traditional but contributed 33% to
agricultural GDP and continues to contribute to the livelihood of the rural population,
enhancing food security and income (FAO et al., 2018; GNAIP, 2010). The fisheries
sub-sector contributes on average 12% of GDP (FAO et al., 2018).
Despite this importance, the sector faces many difficulties, including the lack or poor
quality of infrastructure (FAO et al., 2018). Soils are depleted, production inputs are
inaccessible, agricultural commodities are sold at low prices and private investment in
the sector is limited (FAO et al., 2018; Manka, 2014). Domestic cereal production
only satisfies 50% of the country’s food needs and the country continues to depend on
imports of many food products for its food self-sufficiency and security (FAO et al.,
2018; GNAIP, 2010; Manka, 2014). This situation is exacerbated by the adverse
effects of climate change, which is undermining national efforts. Although the
country’s contribution to greenhouse gas emissions is low, it is among the most
vulnerable to climate change (FAO et al., 2018). The sequence of floods and droughts
negatively affected the country’s production of staple grains and exposed farm
households to food shortages (Sonko et al., 2020). The impacts of climate change are
aggravated by The Gambia’s low-lying topography, heavy dependence on subsistence
rainfed agriculture and inadequate rainwater drainage and management in a context of
2

rapid and uncontrolled urban expansion (GNAIP, 2010; Manka, 2014; Sonko et al.,
2020). In addition, the existing social, economic, and institutional constraints
exacerbate the exposure of the country’s rural population to adverse weather events
and long-term changes in climate (Sonko et al., 2020).
In this context, the Food System Adaptation in Changing Environments in Africa
(FACE-Africa) project was initiated by a consortium of leading climate change and
food system research institutions to understand current adaptations of local food
systems, in order to capture possible trajectories for the future. The overall aim of the
FACE-Africa project is to: 1) develop tools to identify, synthesize and quantify the
impact that tested adaptations in food systems will have on food availability, diversity
and equality of access in climate vulnerable countries in Africa; and 2) assess the
capacity of food systems in climate vulnerable countries to deliver healthy and
sustainable diets by 2030.
This report aims to document and synthesize climate-smart agriculture options
available for The Gambian agriculture and food system. Specifically, an overview of
adaptation options in The Gambia food system will be provided and an analysis of
their climate-smartness to make them relevant to address the current and future
climate change challenges will be presented. The report is organized as follow: the
next section presents the methodology used to synthesize the adaptation options; in
the following section, the identified adaptation options for The Gambian food system
are presented and analyzed for their relevance in addressing climatic challenges.
Specifically, a description of how the identified options contribute to the three pillars
of climate-smart agriculture (productivity, adaptation and mitigation) are presented.
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Methods
Synthesizing adaptation options
We adopted a mixed approach to synthesize the current adaptation options in The
Gambia food system. First, we started by reviewing the adaptation options analyzed in
the Climate-Smart Agriculture (CSA) Profile of The Gambia, which gives an
overview of the agricultural challenges in countries around the world, and how CSA
can help them adapt to and mitigate climate change (FAO et al., 2018). The CSA
country profiles also provide a snapshot of baseline information to initiate discussion
about entry points for investing in CSA at scale. The Gambia CSA profile has been
conducted by CCAFS in collaboration with the FAO. In addition, various FAO
reports on climate change adaptation in The Gambia were also considered and
reviewed. Moreover, agricultural technologies analyzed in The Gambia CSA profile
have been completed and extended with evidence provided by ERA (Evidence for
Resilient Agriculture) database developed by CCAFS. Started as the Climate-Smart
Agriculture Compendium in 2012, ERA1 provides comprehensive synthesis of the
effects of shifting from one technology to another on key indicators of productivity,
system resilience and climate change mitigation (Nowak & Rosenstock, 2020).
Second, we reviewed the Climate-Smart Village (CSV) findings and as well as the
tested adaptation options. The CSV approach has been developed and implemented by
CCAFS across the Asia, Africa, and Latin America to generate the evidence on the
effectiveness of climate-smart options (Aggarwal et al., 2018). The CSV approach is a
mean of performing agricultural research for development that robustly tests
technological and institutional options for dealing with climatic variability and
climate change in agriculture using participatory methods (Aggarwal et al., 2018). As
The Gambia shared many socio-ecological and cultural features with Senegal
(particularly southern Senegal) (Dia Ibrahima, 2012), we focused on adaptation
options tested in the CSV in Senegal. Third, we identified additional adaptation
literature in The Gambia by conducting a scoping search of relevant publications in
Scopus and Web of Science (WoS). We combined the search terms related to climate

1
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change (“global warming” OR “climat* change” OR "climat* variability" OR
"climat* warming") and adaptation (“adapt*” OR “risk reduc*” OR “risk manag*”
OR “resilien*”) and Gambia. In the two databases, we searched for the search terms
in Title, Abstract and Keywords. Publications in sectors other than food system (e.g.,
ecology, conservation, tourism, parks and wildlife management) or in which data
were not collected in The Gambia were excluded. Publications on mitigation outside
food system sector were also excluded. After removing the duplicate, a total of 27
publications were retrieved from the two databases. After excluding the non-relevant
publications, a total of 11 relevant literature were retained for in-depth analysis. Seven
additional papers were identified from ERA database and added to the final list of
relevant papers. The list of the relevant publications is presented in Annex 1. The full
texts of relevant papers were reviewed, and adaptations were extracted. A total of 28
options has been compiled.

Assessing climate-smartness
To evaluate the climate-smartness of the identified options, we assessed how the
options contribute to the three pillars of climate-smart agriculture: (1) sustainably
increasing agricultural productivity and incomes; (2) adapting and building resilience
to climate change; (3) and reducing and/or removing greenhouse gas emissions. We
used indicators of the three pillars productivity (yield and income), adaptation (soil,
water and risk management) and mitigation (energy, carbon and other GHGs
emissions). The same indicators and approach2 were used in developing the ClimateSmart profile of The Gambia (FAO et al., 2018). We used evidence from ERA
database and additional literature to analyze the potential of these practices and
technologies to deliver on one or more of the three pillars of climate-smart
agriculture.

2
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Adaptation options for the Gambian agriculture and
food systems
In the Gambia, there are already farming practices being undertaken by smallholder
farmers that conform to the principles and strategies of sustainable agriculture
including CSA (FAO et al., 2018). A total of 28 practices and technologies has been
identified as relevant for agriculture and food system adaptation in The Gambia
(Table 1). These options identified are grouped into different adaptation categories
and presented in Table 1.
Table 1. Adaptation practices and technologies relevant for The Gambian
agriculture and food systems
Adaptation
categories

Adaptation options and
technologies

Short description

Improved or climate-resilient
crop varieties

Adoption of or switching to
crop and crop varieties and
cultivars less sensitive to
climatic stresses

Crop diversification

It is accomplished by growing
multiple crops or adding of
new crops or cropping systems
to farm production.

Changing planting date

It consists of adjusting sowing
date to the shifting rain
patterns and is of critical
importance for germination
and establishing the crop. This
helps farmers to reduce risks
of crop failure. It includes
early or late sowing and
staggered sowing

Crop rotation

It is the agronomic practice of
growing different crops in
succession or sequence on the
same plot or field over
multiple growing seasons.

Intercropping

It is the agronomic practice of
growing two or more crops
together on the same field at
the same time

Integrated Pest Management

It is the intelligent selection
and use of pest control
measures that will ensure
favorable economic,
ecological, and sociological
consequences. IPM strives to

Crop diversity use and
management
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Adaptation
categories

Adaptation options and
technologies

Short description
utilize all available tactics to
mitigate the negative impacts
of pests. The use of pesticides
is the last line of defense after
biological control, behavioral
controls, or other tactics have
failed to keep pests below
levels that result in significant
crop loss.

Composting

A compost consists of plant
and animal matter that has
already been partially
decomposed in a controlled
manner via mixing and
aerating. Compost addition to
soil increases soil organic
matter and other plant
nutrients.

Manure

It consists of dung collected
from animal housing and
applied to land for its nutrient
value. Manure addition to soil
increases soil organic matter
and other plant nutrients.

Mulching

Applying mulch to the soil
surface is a process of
spreading organic material
(dead plant, crop residues) or
live biomass in order to stop
weed seeds from germinating
and to reduce the temperature
extremes and evaporation at
the soil surface. Mulch can be
also made from plastic.

Inorganic fertilizers

Mineral or synthetic fertilizers

Conservation agriculture

Conservation agriculture is
based on the concomitant
application of three principles:
minimum soil disturbance
(through minimum or no
tillage), permanent soil cover
(by mulching with crop
residues or cover crops), and
crop rotation

Contour bunds/farming

It is the farming practice of
plowing and/or planting across
or perpendicular to a slope
following its elevation contour
lines. This arrangement of
plants breaks up the flow of
water (Runoff) and makes it
harder for soil erosion to
occur. A similar practice is

Soil and nutrient
management

Soil & Water
conservation and
Irrigation
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Adaptation
categories

Adaptation options and
technologies

Short description
stone bunding where stones
are placed around the contours
of slopes.

Zaï or Planting pits

It is a farming technique
consisting of digging pits in
the soil during the pre-season
to catch water and concentrate
organic matter. The technique
is traditionally used in the
Sahel to restore degraded
drylands and increase soil
fertility.

System of Rice Intensification

It is an approach to irrigated
rice cultivation that includes
six key practices: transplanting
young seedlings; low seedling
density with shallow root
placement; wide plant spacing;
intermittent application of
water (vs. continuous
flooding); frequent weeding;
and incorporation of organic
matter into the soil, possibly
complemented by mineral
fertilizer

Irrigation

It consists of providing water
to crops to supplement
inadequate precipitation

Management of soil salinity
(drainage and flooding,
organic matter addition)

It consists of controlling the
problem of soil salinity and
reclaiming salinized
agricultural land by adding
organic matter, drainage and
flooding

Farmer Managed Natural
Regeneration (Woodlot)

It involves the regeneration or
regrowth of existing trees and
shrubs on farmlands or from
naturally occurring tree
stumps, roots and seeds.
Farmers promote regeneration
through pruning, mulching and
active protection

Alley farming

A method of planting, in
which rows of a crop are sown
between rows or hedges of
nitrogen-fixing planted trees
or shrubs, that are regularly
pruned to enrich the soil

Switching to drought-tolerant
animal species

Adoption of or switching to
animal species or breeds that
are less sensitive to climatic
stress

Agroforestry systems

Livestock-based
systems
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Adaptation
categories

Adaptation options and
technologies

Short description

Feed supplementation or
addition

It is the supply of additional
feed to livestock when pasture
resources are insufficient or in
order to complement nutrients
that are deficient

Stock/Herd size reduction

It consists of reducing
livestock numbers—match
animal numbers to available
resources

Climate information and agroadvisories services use

It consists of the use of
information on weather,
market, agricultural services,
etc. for farm management
decision-making (e.g.,
planning of operations, choice
of crops and varieties)

Microfinance and weather
index-based insurance

It is an insurance contract or
scheme to managing weather
and climate risks that uses a
weather index, such as rainfall,
to determine payouts

Reliance on food aid

When households relied on
food aid from the governments
and NGOs to cope drought’s
impacts

Reliance on social networks

When households relied on the
supports and initiatives (e.g.,
cereal banks, group savings)
of their social networks to
cope with climate risks

Livelihood diversification

It is when a household has a
diverse portfolio of activities
and social support capabilities
in order to survive and to
improve their standards of
living. These activities can
include off-farm wage labor,
trading, adding livestock or
fish production to crop
farming, etc.

Migration

The movement of a person or
groups of persons who are
obliged to leave their habitual
place of residence, or choose
to do so, either temporarily or
permanently, within a State or
across an international border,
predominantly for reasons of
sudden or progressive change
in the environment due to
climate change

Reduction in food

It consist of change or

Agro-climatic
information & services

Social network and
institutional support

Livelihood
diversification

Dietary change

9

Adaptation
categories

Adaptation options and
technologies
consumption

Short description
modification in food
consumption practices to deal
with drought-induced harvest
losses. This could involve
reducing the number of meals
per day, limiting portion sizes,
less nutritious food, adults
eating less to leave enough
food for children and pregnant
wives, etc.

These options have been evaluated for their climate-smartness i.e. being able to (1)
sustainably increasing agricultural productivity and incomes; (2) adapting and
building resilience to climate change; (3) and reducing and/or removing greenhouse
gas emissions, where possible (Table 2). Indicators of the three pillars of climatesmart agriculture have been used to evaluate to what extend those options contribute
to concomitantly increase productivity to ensure food security, improve resilience to
climate risks and reduce greenhouse gas emissions (see Table 2). We used evidence
from the literature to analyze the potential of these practices and technologies to
deliver on one or more of the three pillars of climate-smart agriculture: productivity,
adaptation and mitigation. Table 2 summarizes how the identified options contribute
to productivity, adaptation and mitigation.

10

Table 2. Climate-smartness of the identified options for The Gambian agriculture and food system
No

1

2

3

4

Adaptation options

Description of climate-Smartness

Improved and resilient crop
varieties

Productivity
High-quality planting materials improve yields. Can improve income and reduce poverty.
Adaptation
Improve the resilience of production systems. Reduce the risk of total crop failure
Mitigation
Improves biomass, which may promote carbon sequestration

Crop diversification

Productivity
Increases total production. Multiple crop harvesting increases income and food security. Diversifies income and food
sources
Adaptation
Reduces the risk of total crop failure under unfavorable biotic and climatic conditions. Provides safety net again
climate-related risks
Mitigation
Allows long-term reduction in nitrogen-based fertilizers when leguminous crops are rotated with cereals. May
promote carbon sequestration when tree and shrubs are integrated

Changing planting date

Productivity
Maintain/Stabilize and/or increase yield and production.
Adaptation
Reduces the risk of total crop failure under unfavorable biotic and climatic conditions
Mitigation
Could lead to a reduction in methane emissions, particularly rice fields

Crop rotation

Productivity
Enhances production per unit area. Diversifies income and food sources. Reduces use of external inputs hence
reducing production costs
Adaptation
Reduce Improve and conserve soil fertility. Minimize erosion and contribute to reducing the risk of total crop failure

11

No

5

6

7

12

Adaptation options

Description of climate-Smartness
under unfavorable biotic and climatic conditions. Minimizes the incidence of pests and diseases
Mitigation
Allows long-term reduction in nitrogen-based fertilizers when leguminous crops are rotated with cereals. Maintains or
improves above and below-ground carbon stocks and soil organic matter content

Intercropping

Productivity
Increases total production and productivity per unit area. Multiple crop harvesting increases income and food security
Adaptation
Reduces the risk of total crop failure under unfavorable biotic and climatic conditions. Promotes soil structure
conservation and minimizes erosion. Minimizes pests and diseases pressure
Mitigation
Maintains or improves soil carbon stocks and organic matter content. Legume intercropping reduces the need of in
nitrogen-based fertilizers, hence reduce nitrous oxide emissions

Integrated Pest Management

Productivity
Reduces production costs. Enhance crop production and quality, hence potential increases in income
Adaptation
Improve the crop health, promote healthy and sound plants, reduced the crop failure and risks associated with crop
pests. Increases farmers’ capacity to limit the crop exposure to crop damage caused by pests. Increases the potential to
overcome climate shocks. Reduces the need for external inputs for crop protection
Mitigation
Reduces emission of GHG related with the use of pesticides, therefore reduced carbon footprint per unit of food
produced

Composting

Productivity
Increases productivity and income through greater product quality. Increases in total production per unit area due to
medium- to long-term reconstitution of soil fertility
Adaptation
Enhances soil bio-chemical and physical characteristics, hence improves water retention and long-term fertility.
Promotes soil structure conservation. Reduces runoff and erosion, enhances in- situ moisture conservation
Mitigation
Increases Soil Organic Matter content. Reduces methane and other GHG emissions from manure and crop residues.

No

Adaptation options

Description of climate-Smartness
Reduces use of synthetic fertilizer, thus reducing related GHG emissions

Manure

Productivity
Increases productivity as a result of enhanced soil health and fertility. Reduces use of external inputs hence reducing
production costs.
Adaptation
Promotes soil structure conservation, minimizes erosion and enhances in-situ moisture. Maintain higher infiltration
rates and conserve soil moisture, which helps to overcome seasonal dry-spells. Integrates crop residues and other onfarm waste.
Mitigation
Allows long-term reduction in nitrogen-based fertilizers and related GHG emissions. Maintains or improves soil
carbon stocks and organic matter content

Mulching

Productivity
Increases productivity as a result of enhanced soil health and fertility. Reduces use of external inputs hence reducing
production costs.
Adaptation
Promotes soil structure conservation, minimizes erosion and enhances in-situ moisture. Maintain higher infiltration
rates and conserve soil moisture, which helps to overcome seasonal dry-spells. Integrates crop residues and other onfarm waste.
Mitigation
Allows long-term reduction in nitrogen-based fertilizers and related GHG emissions. Maintains or improves soil
carbon stocks and organic matter content.

10

Inorganic fertilizers

Productivity
Increases the yield per unit area and may increase profits
Adaptation
Can reduce the risk of total crop failure under unfavorable biotic and climatic conditions
Mitigation
Increases GHG emissions with excessive use of fertilizers

11

Conservation agriculture

Productivity
Increases the yield as a result of enhanced soil health and fertility. Reduces use of external inputs hence reducing

8

9

13

No

Adaptation options

Description of climate-Smartness
production costs.
Adaptation
Promotes soil structure conservation, minimizes erosion and enhances in-situ moisture. Maintain higher infiltration
rates and conserve soil moisture, which helps to overcome seasonal dry-spells. Integrates crop residues and other onfarm waste.
Mitigation
When rotating with leguminous crops allows long-term reduction in nitrogen- based fertilizers. Maintains or improves
soil carbon stocks and organic matter content. Reduces GHG emissions attributed to ploughing.

Contour bunds/farming

Productivity
Increased productivity per unit of land and Improves overall productivity due to medium- to long-term reconstitution
of soil fertility
Adaptation
Builds soil fertility by improving physical and bio-chemical soil characteristics. Reduces erosion and conserves
moisture
Mitigation
Promotes carbon storage in soil. Water retention increases, which in turn reduces energy needs for irrigation, therefore
reductions in related GHG emissions.

13

Zaï or Planting pits

Productivity
Enhances production per unit area and improves overall productivity due to medium- to long-term reconstitution of
soil fertility
Adaptation
Promotes soil structure conservation, minimizes erosion and enhances in-situ moisture. Maintain higher infiltration
rates and conserve soil moisture, which helps to overcome seasonal dry-spells. Integrates crop residues and other onfarm waste.
Mitigation
Promotes carbon storage in soil. Reduces GHG emissions (carbon footprint) by reducing consumption of energy,
synthetic fertilizers and other agricultural inputs

14

System of Rice Intensification

Productivity
Increases yield by maintaining optimum condition of plant development. Enhances production per unit area

12

14

No

Adaptation options

Description of climate-Smartness
Adaptation
Reduces exposure to adverse climatic conditions. Promotes efficient use and management of rainwater. Promotes soil
structure conservation and aeration of the soil. Reduces erosion and enhances in-situ moisture conservation.
Mitigation
Reduces GHG –mainly methane– emissions from the rice fields by minimizing periods of flooding

Irrigation

Productivity
Stabilize and Improve crop yield and overall productivity. Allows production throughout the year
Adaptation
Improve water availability and utilization efficiency. Increases resilience to drought by reducing crop exposure
Mitigation
May reduce nitrogen emissions through efficient fertilizer application and use, thus reducing related nitrous oxide
emissions. A reduction in energy required for drip irrigation can reduce emissions intensity per unit of output

Management of soil salinity
(drainage and flooding,
organic matter addition)

Productivity
Salinity reduction can lead to optimum conditions for plant development and production.
Adaptation
Management of soil salinity through drainage and flooding, ridges and furrows, addition of organic matter etc.,
increases nutrient availability and decreases crop exposure to climate risks.
Mitigation
Additions of organic matter can increase soil carbon stock.

17

Switching to drought-tolerant
animal species or breeds

Productivity
Improve overall productivity and income
Adaptation
Improved breeds are resilient to climate shocks
Mitigation
Improved breeds have improved feed conversion minimizing GHG emissions.

18

Feed supplementation or
addition

Productivity
Improve overall productivity and income through high quality forages and increased product quality.
Adaptation

15

16

15

No

19

20

21

16

Adaptation options

Description of climate-Smartness
Provide alternative food source increasing adaptive capacity during periods of feed scarcity.
Mitigation
Reduces GHG emissions (carbon footprint) by reducing consumption of energy. Strategic feed supplementation
(selecting & utilizing of high-quality forages and changing concentrate proportion) can reduce methane emissions.
Improved feed quality reduces methane emissions related to enteric fermentation

Stock/Herd size reduction

Productivity
Increases feed availability and productivity of individual animals and the total herd and income
Adaptation
Reduces the risk of total loss under unfavorable biotic and climatic conditions
Mitigation
Increase feed availability and overall productivity contribute to lowering CH4 emission intensity

Farmer Managed Natural
Regeneration (Woodlot)

Productivity
Improves yields and provides Non-Timber Forest Products (NTFPs), with benefits for food and nutrition security and
income. Diversifies income and food sources. Reduces use of external inputs hence reducing production costs.
Adaptation
Reduce heat stress, conserve soil moisture, and increases water use efficiency. Increases soil health and biodiversity
upon decomposition of organic matter. Minimizes erosive processes. Reduces the risk of crop failure under
unfavorable biotic and climatic conditions
Mitigation
Increases in above- and below-ground biomass and carbon sequestration. Potential reduction in Nitrogen-based
fertilizers when leguminous trees are integrated. Reduces use of synthetic fertilizers and related GHG
emissions/carbon footprint. Reduces GHG emissions attributed to ploughing

Alley farming

Productivity
Enhances production per unit area and improves overall productivity and income. Allows diversification of
agricultural activities and income sources.
Adaptation
Promotes soil structure conservation. Use of native tree and shrub species favor local fauna. Reduces runoff and
erosion, enhances in-situ moisture conservation. Reduces the risk of crop failure under unfavorable biotic and climatic
conditions

No
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Adaptation options

Description of climate-Smartness
Mitigation
Increases in above- and below-ground carbon storage. Reduces use of synthetic fertilizers and related GHG emissions,
especially when leguminous trees are included in the cropping system.

Climate information and agroadvisories services use

Productivity
Improves crop production through informed decision making. Contributes to efficient use of farm inputs and increases
yield and product quality.
Adaptation
Improves farmers awareness, preparedness and responsiveness to unpredictable weather conditions and extreme
weather events. Reduces the risk of total crop failure
Mitigation
Planning appropriately for timely fertilization (the right time and amount applied) can reduce nitrous oxide emissions.

Microfinance and weather
index-based insurance

Productivity
Improves crop production through informed decision making. Contributes to efficient use of farm inputs and increases
yield and product quality.
Adaptation
Improves farmers awareness, preparedness and responsiveness to unpredictable weather conditions and extreme
weather events. Reduces the risk of total income loss
Mitigation
Climate-informed planning and decision can reduce nitrous oxide emissions.

Livelihood diversification

Productivity
Multiple livelihood activities increase income and food security. Diversifies income and food sources
Adaptation
Provides important safety net against climate-related risks and prospects for income diversification
Mitigation
No evidence

Migration

Productivity
Increases income and food security. Diversifies income and food sources
Adaptation

17
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Adaptation options

Description of climate-Smartness
Contributes to spread risks. Provides important safety net against climate-related risks and prospects for income
diversification
Mitigation
No evidence

Crop diversity use and management
In Sub-Saharan Africa, many farmers take advantage of the differential effects that a
given climate event or condition might have on different crops and varieties to adapt
to climate variability (Di Falco, 2014; Fisher et al., 2015; Thakur & Uphoff, 2017). In
Sub-Saharan African farming systems, more diverse cropping systems and crop
varieties provide a wider range of productive responses to weather and climatic
shocks (Di Falco, 2014; Di Falco et al., 2010). In addition, the contribution of crop
diversification towards reducing crop failure and increasing production becomes
stronger on degraded and less fertile land and when rainfall level is lower (Di Falco,
2014; Di Falco et al., 2010). Furthermore, diversification of farm plot locations can
take advantage of spatial variability in rainfall in drought-prone rainfed systems
(Fisher et al., 2015). Crop diversification can stabilize cropping system productivity,
increase farm productivity and reduce risk exposure by buffering crop production
from the effects of greater climate variability and extreme events (Di Falco, 2014; Di
Falco et al., 2010; Di Falco & Chavas, 2006; Hufnagel et al., 2020; Lin, 2011; Vom
Brocke et al., 2014; Wanvoeke et al., 2016). Crop diversification can also reduce
negative environmental impacts and loss of biodiversity (Hufnagel et al., 2020). At a
macroeconomic level, producing several crops can enable farmers to achieve tradable
surpluses while also pursuing risk minimizing objectives (Kankwamba et al., 2018).
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Image 1 : Farmer seed fair at the Resilient seed systems in East Africa workshop in Hoima and
Entebbe, Uganda. Source: S. Samuel (CCAFS)

In The Gambia, seed and crop diversification (i.e., growing multiple crop species and
different varieties of each crop that are adapted for different purposes and types of
weather) practices promoted through ActionAid’s agroecology projects have helped
farmers to spread the risk of crop failure and reduce losses (Anderson, 2017). The
availability of open pollinated, traditional, early maturing seed varieties enables
farmers to have access to seeds at the crucial moment when the rains start. Combined
with reliable weather information, this also provides resilience when the onset of rains
is less reliable (Anderson, 2017). An increase in food security and effective adaptation
to climate change have been reported as results by project participants (Anderson,
2017). By changing planting date, farmers attempt to adjust to the shifting rain pattern
and its critical importance for germination and establishing the crop and this helps
farmers to reduce risks of crop failure (Sonko et al., 2020).
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Image 2 : Millet and cowpea intercropping in Ngakoro CSV, Cinzana, Mali. Source: D. Dembélé
(CCAFS)

Switching to crop and crop varieties and cultivars less sensitive to climatic stress is
one of the preferred strategies of farmers in Sub-Saharan Africa (Fisher et al., 2015).
Although availability of improved climate-resilient seeds was limited in the past
(Fisher et al., 2015), there are concerted efforts in the development and delivery of
crop varieties that are resilient climatic and non-climatic stresses by various CGIAR
centres in collaboration with national agricultural research systems (Alene et al.,
2009; Cairns et al., 2013; Zougmoré et al., 2018).
Adoption of the drought tolerant maize varieties (DTMVs) disseminated across 13
African countries increased maize yields by 13.3% and reduced yield variability by
53% and downside risk exposure (e.g. crop failure) by 81% among adopters (Wossen
et al., 2017). The gains in productivity and risk reduction due to adoption led to a
reduction of 12.9% in the incidence of poverty and of 83.8% in the probability of food
scarcity among adopters (Wossen et al., 2017). This is in line with the predicted large
positive impacts of increasing average yields and reducing yield variability for
DTMVs (La Rovere et al., 2014). Simulated adoption of drought tolerant maize seeds
can increase yields by up to 25% under climate change conditions in Africa by 2050
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compared with expected yields with current seeds (Islam et al., 2016). In addition, by
decreasing the vulnerability of farm households to climate risks though increasing
production and reducing exposure to risk, resilient crop varieties also reduce the need
for harmful post-failure coping strategies, such as borrowing, reducing food
consumption, sale of household assets, or taking children out of school (Fisher et al.,
2015; Wossen et al., 2017). This highlights that adoption of resilient crop varieties
and crops contributes to not only improve productivity but also resilience of cropping
and farm systems to climate risks.
Although improved and resilient crop varieties have been shown to be climate-smart,
there are concerns on increased emissions associated with the use of fertilizers and
also the high input costs (e.g. from fertilizers) and supply costs (from seed companies)
to the farmer which often dwindles the adoption potential of small scale farmers
(Zougmoré et al., 2018). In The Gambia, limited availability of high quality seeds and
limited number of seed companies represent key barriers to widespread adoption of
improved crop varieties (FAO et al., 2018). However, the economic benefits of
adapting seed systems to current and future climate shocks are substantial. Based on
nationally representative data from Malawi and Tanzania, Cacho et al. (2020)
estimated the benefits from adopting resilient seeds to range between 984 million and
2.1 billion USD over 2020–2050. This estimate illustrates the benefits of establishing
and maintaining a flexible national seed sector with communities participation in the
breeding, delivery, and adoption cycle as well as provide incentives to smallholders to
adopt improved and adapted crop varieties (Cacho et al., 2020).
There is evidence that climate change is altering the distribution, incidence and
intensity of animal and plant pests and diseases as well as invasive and alien species
(FAO et al., 2018). Control measures from the CSA perspective common in the
Gambia include traditional and physical approaches. The integrated pest management
approach is also expanding following its introduction by the Pest Management Unit of
the Ministry of Agriculture (FAO et al., 2018).
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Soil and nutrient management
Soil and nutrient management practices include the use of compost from manure and
crop residues, legumes for natural nitrogen fixation or as green manures planted in
intercropping systems as part of a scheme of crop rotation or in agro-forestry systems
(FAO et al., 2018). Composting and crop diversification promoted though
ActionAid’s agroecology projects have been reported to make a huge contribution to
cropping systems’ resilience to climate change impacts such as drought (Anderson,
2017). By improving soil physical properties and plant nutrient uptake, mulching was
shown to increase groundnut yield in various locations in The Gambia (Ashrif &
Thornton, 1965). Compared to mineral fertilizer, manure application increased yield
by an average of 7.6%, with effects more pronounced in acidic soils, warm and/or
humid climates (Du et al., 2020).

Image 3. Manure piles in Cinzana, Mali (left panel - source: D. Dembélé (CCAFS)) and manure
application in Lawra District, Ghana (right panels - source: C Peterson (CCAFS))

Conservation agriculture (CA) is commonly practiced in semi-arid areas of West
Africa to enhance the productivity of the inherently poor fertility soils and combating
soil degradation (Bationo & Buerkert, 2001; Bationo et al., 2007; Bayala et al., 2012;
Lahmar et al., 2012; Partey et al., 2018). CA relies on the simultaneous use of three
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practices: (a) minimum or zero-tillage; (b) maintenance of a permanent soil cover
through cover cropping or mulching; and (c) diversified profitable crop rotation
(Giller et al., 2009). Empirical evidence show that CA contribute to productivity and
adaptation pillars by improving soil structure and water retention, soil organic matter
build-up, soil fertility replenishment and reducing soil erosion (Bayala et al., 2012;
Lahmar et al., 2012; Partey et al., 2018; Thierfelder et al., 2017). In addition, CAbased systems can significantly improve soil health (Araya et al., 2020). The positive
impacts on soil quality and fertility and water conservation could result in an
increased farm productivity and incomes (Araya et al., 2020; Bayala et al., 2012;
Lahmar et al., 2012; Partey et al., 2018). Legume intercropping significantly increases
yields and reduces the probability of low yields even under critical weather stress
during the growing season (Arslan et al., 2015). The first continent-wide metaanalysis of CA experiments in sub-Saharan Africa conducted recently confirmed the
positive effects on soil and water conservation (Corbeels et al., 2020). However,
effects on crop yields are too small to substantially improve food security of
smallholders (Corbeels et al., 2020). Compared with conventional cropping, CA
slightly increased yields by an average of 3.7% (for six major crops), with yield
benefits stronger under the combined application of all three CA principles, in drier
conditions and when herbicides were applied (Corbeels et al., 2020). The main
conditions for CA performance relative to conventional tillage, involve use of
rotations, low rainfall conditions, medium textured loam and well drained soils
(Nyagumbo et al., 2020). Maize-pigeon pea intercropping and maize-groundnut
rotation under CA had the highest maize yield advantages over the conventional
practices while the most stable maize yields were from the maize-common bean
systems under CA (Mupangwa et al., 2021). Nevertheless, CA practices such as
minimizing tillage activities and maintaining adequate soil cover through mulching
offer multiple benefits to farmers in reducing exposure to climate risks (Partey et al.,
2018). In addition to improving soil carbon stocks and organic matter content, CA has
potentials in reducing GHG emissions attributed to ploughing (FAO et al., 2018;
Partey et al., 2018). A recent global meta-analysis showed that cover crops and
conservation tillage are effective at increasing soil organic carbon content, with the
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effects more pronounced in areas with relatively warmer climates or lower nitrogen
fertilizer inputs (Bai et al., 2019).

Soil & Water conservation and Irrigation
In a changing climatic and economic context, the development of irrigation is
considered necessary to stabilize and increase yields, and reap higher returns from
farm inputs and technological investments (Fisher et al., 2015; Manka, 2014). In
addition, the development of irrigation enables farmers flexibility in planting dates,
choice of crop types and varieties, and number of growing seasons (Fisher et al.,
2015). While only 6 % of total cultivated area in Sub-Saharan Africa is currently
irrigated, introduction of irrigation into rainfed cropping systems will be critical to
future agricultural production (Fisher et al., 2015; Partey et al., 2018). Improved water
harvesting and retention (such as pools, dams, pits, retaining ridges, etc.) and
irrigation systems are fundamental for increasing production and addressing the
increasing irregularity of rainfall patterns (FAO et al., 2018; Partey et al., 2018).

Image 4. Water pond for irrigation in vegetable production systems in Mali. Source: B. Bagayoko
(CCAFS)
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Common irrigation facilities in the Gambia are pump and tidal systems and boreholes
with different distribution facilities such as reservoir tanks and overhead drip systems.
Surface water is mainly used to irrigate rice, either with pumped schemes or by
employing tidal irrigation. Additionally, the use of groundwater for horticultural
production (drip and sprinkler irrigation) during the dry season is steadily expanding
in The Gambia (Manka, 2014). Water catchment tanks are also used in some schools
to harvest rain water that is used for irrigation in vegetable gardens and orchards.
Investments in developments of drip irrigation to improve water availability on
farmlands can be seen as a climate-smart option, especially for high value vegetable
crops (Manka, 2014; Partey et al., 2018). There are evidence that drip irrigation
system is a cost-effective option to increase crop yield and household income, thus
contributing to poverty reduction and food security in the the Sudano-Sahel zones of
West Africa (Partey et al., 2018; Wanvoeke et al., 2016; Woltering et al., 2011). In
The Gambia, irregular rainfall and a high initial cost and labor are key barriers to
adoption of tidal irrigation systems while high cost of installation and maintenance is
a key barriers limiting widespread adoption of drip irrigation systems in rice-based
production systems (FAO et al., 2018).

Image 5. Solar Powered Irrigation System in India. Source: A. Manik (CCAFS)
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There are soil and water conservation structures in the form of dikes, bunds and
spillways that facilitate water retention and combat salinity (FAO et al., 2018).
Several practices and techniques are commonly used by smallholder farmers in semiarid areas of West Africa to prevent and reverse land degradation, improve infertility
and increase land productivity, while increasing water retention in the soil (Zougmore
et al., 2014). These include contour bunds or farming, Zaï or planting pits and halfmoon techniques (Garrity et al., 2010; Partey et al., 2018; Zougmore et al., 2014).
Stone bund and contour/tie ridges have become popular among West Africa farmers
for reducing erosion and collecting run-off water and improved water use efficiency
on farmlands (Partey et al., 2018). In term of productivity and adaptation, construction
of contour bunds has been reported to prevent soil erosion, enable water to stay longer
in farm areas and reduce loss of soil nutrients (Anderson, 2017). In semi-arid areas of
Mali, application of contour bounds increases maize and millet grain yield and
biomass, retains soil water and reduces erosion rate (Birhanu et al., 2020). The
improvements in crops yield and biomass, and the retention of soil nutrients positively
changed farm level productivity conditions (Birhanu et al., 2020). Under erratic
rainfall distribution conditions, tied ridge cultivation significantly increased soil water
reserves on modest slopes and is a viable tillage alternative for maize-based systems
in semi-arid areas of The Gambia (Wright et al., 1991). The ‘ridge-tillage’ technology
significantly increased maize yields by 24% while soil organic C was increased by
26% in The Gambia (Doumbia et al., 2009). These increases in soil organic C are
likely due to (i) reduced erosion and movement of soil, (ii) increased crop growth
resulting from the greater capture of rainfall, and (iii) increased growth and density of
shrubs and trees resulting from the increased subsoil water, resulting in turn from the
increased capture of rainfall, and reduced runoff (Doumbia et al., 2009). As a microcatchment system, tie/contour ridges serve as climate-smart rain water harvesting
techniques during water limiting conditions (Partey et al., 2018). Combining contour
ridging with integrated soil fertility management approaches synergistically increase
crop productivity (Partey et al., 2018; Traore et al., 2017).
The use of building stone boundaries around fields, micro water-harvesting, and soil
restoration not only increased yield in years of good rainfall but also reduced yield
variability during droughts (Barbier et al., 2009). Under water-limiting conditions, the
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stone bunds are efficient measures in improving soil water content through run-off
control (Zougmore et al., 2014). By slowing down the run-off speed, the bunds also
induce sedimentation of fine waterborne particles of soil and manure, resulting in a
build-up of a layer of sediments rich in nutrients (Zougmore et al., 2014). When
rainfall is erratic, the stone bunds contribute to conserving more moisture in the soil
thereby helping to alleviate water stress during dry spells (Zougmore et al., 2014). By
reducing the impacts of flood and drought extremes on farmers' fields, stone bunds
enhance the adaptation of cropping systems to climate change and variability and as
such represent a climate-smart approach (Partey et al., 2018). The effectiveness of the
stone bunds is reinforced by combining with organic fertilizers (Zougmore et al.,
2014; Zougmoré et al., 2003; Zougmoré et al., 2011). In semi-arid areas of Burkina
Faso, application of compost or manure in combination with soil and water
conservation measures increased sorghum grain yield by about 142% compared to a
65% increase due to mineral fertilizers (Zougmoré et al., 2011). The combination of
SWC measures with application of compost resulted in financial gains of 145,000 to
180,000 FCFA per ha per year under adequate rainfall condition (Zougmoré et al.,
2011).
Zaï and half-moons are traditional integrated soil and water management practices
developed from indigenous knowledge systems to combat land degradation and
improve soil productivity of previously abandoned bared soils through biophysical
and biological processes (Garrity et al., 2010; Lahmar et al., 2012; Partey et al., 2018;
Zougmore et al., 2014). It is a soil rehabilitation system that concentrates run-off
water and organic matter in small pits (Zougmore et al., 2014). By contributing
effectively to rehabilitate previously abandoned and degraded bare lands and
substantially increasing crop productivity, zaï and half-moon practices improve
smallholder farmers resilience to climate variability (Partey et al., 2018; Zougmore et
al., 2014).
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Image 6 : Implementation of Zaï in Fakara CSV in Niger. Source: P. Savadogo (ICRAF)

Image 7 : Indigenous integrated soil and water management practices of half-moon in Yatenga,
Burkina Faso (left panel: without crop - source: D. Dembélé (CCAFS), right panel: with crop - source:
M. Ouédraogo (CCAFS)).

There are substantial evidence that the System of Rice Intensification (SRI), an
agroecological crop management system consisting of altering crop, soil, water, and
nutrient management practices contribute to the CSA pillars (Ceesay et al., 2006;
Thakur & Uphoff, 2017; Thakur et al., 2016). SRI increases crop productivity with
lesser inputs, and enhances cropping resilience to biotic and abiotic stresses (Ceesay,
2011; Ceesay et al., 2006; Thakur & Uphoff, 2017; Thakur et al., 2016). Indeed,
compared to conventional practices for irrigated rice production, SRI enhances water
29

productivity and reduces substantially water use (Deelstra et al., 2018; Thakur &
Uphoff, 2017; Thakur et al., 2016). In addition, SRI practices create both larger,
healthier root systems that make rice plants more resistant to biotic and abiotic
stresses and more conducive environments for beneficial soil biota (Ceesay, 2011;
Ceesay et al., 2006; Thakur & Uphoff, 2017; Thakur et al., 2016). Field experiments
conducted with SRI practices in The Gambia showed a significant crop yield increase
without higher application of inorganic fertilizer and with less requirement for water
(Ceesay, 2011; Ceesay et al., 2006). Water productivity also increased greatly
(Ceesay, 2011). In addition, production cost analysis showed that SRI production was
economically cost-effective, with more than 95% increase in net return per ha
compared to farmers’ practices (Ceesay, 2011). There are also evidence that SRI
practices also enhanced nutrient uptake due to greater root growth and activity, and
improved the nutritional content and quality of produced grain (Thakur et al., 2020).
Both the rice grains and straw obtained with SRI methods contained more N, P, K, Fe,
Mn, Cu, and Zn than grains and straw produced with conventional practices (Thakur
et al., 2020). In addition to enabling farmers to increase crop productivity with less
inputs and reducing exposure to both abiotic and biotic stresses, SRI also reduces net
emissions of greenhouse gases, especially methane emissions from rice fields
(Hasanah et al., 2019; Thakur & Uphoff, 2017). Rice fields managed with SRI
practices can serve as a sink rather than a source for CH4 (Hasanah et al., 2019).

Agroforestry systems
Improving ecosystem management and biodiversity can provide a number of
ecosystem services, which can lead to more resilient, productive and sustainable
systems that may also contribute to reducing or removing greenhouse gases (FAO et
al., 2018). Agroforestry technologies and practices in West Africa are achieving
tremendous impacts for climate change adaptation, mitigation and improved food
security (Bayala et al., 2014; Garrity et al., 2010; Mbow et al., 2014a; Mbow et al.,
2014b; Partey et al., 2018). Adoption of farmer managed natural regeneration
(FMNR) is particularly widespread in the arid and semi-arid areas of West Africa and
considered as an important step to improving agricultural productivity, buffering
climate risks and contributing to climate change mitigation (Bayala et al., 2014;
30

Garrity et al., 2010; Mbow et al., 2014a; Mbow et al., 2014b; Partey et al., 2018;
Tougiani et al., 2008). In The Gambia, agroforestry systems such as alley farming,
farm border planting as well as the use of energy-efficient equipment such as
improved cooking stoves are carried-out in many communities (FAO et al., 2018;
Sonko et al., 2020).

Image 8 : Farmer Managed Natural Regeneration (FMNR) in Yatenga, Burkina Faso. Source: D.
Dembélé (CCAFS)

By improving soil fertility through on the increase of soil organic matter, nutrient
cycling and biological nitrogen fixation by leguminous trees, agroforestry
technologies and practices contribute to crop productivity improvement (Bayala et al.,
2014; Garrity et al., 2010; Mbow et al., 2014a; Mbow et al., 2014b). In alley farming,
the application of cassia prunings plus recommended inorganic fertilizer significantly
improved maize yield and grain quality in semi-arid areas of The Gambia (Danso &
Morgan, 1993a). Beneficial effects of prunings may become more evident with
repeated application. Incorporating prunings into the soil before crops are planted
might reduce nutrient losses to volatilization as P, K and organic matter content
declined less where prunings were applied to the maize crops (Danso & Morgan,
1993a). However, rice grain yield and quality did not increase when rice was alley
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cropped with cassia in semi-arid areas in The Gambia: there was no benefit in terms
of rice grain yield and grain quality from addition of prunings or prunings and
inorganic fertilizer (Danso & Morgan, 1993b). A multi-country assessment study with
1080 rural household farmers in the Sahelian and Sudano-Sahelian ecozone of West
Africa (across Burkina Faso, Mali, Niger, and Senegal) indicated keeping, protecting
and managing trees in the farmland have significant effects on the livelihoods of the
rural poor in the studied countries (Binam et al., 2015). A continuous practice of
FMNR by a community of 1000 households could increase income by US$ 72,000
per year (Binam et al., 2015). The findings also indicated a significant increase of the
dietary diversity by about 12–14% (Binam et al., 2015). A subsequent study in the
same context demonstrated that regeneration of trees on farms, whereby farmers play
an active role in the types of trees and their densities, is an important safety-net by
providing cash income, caloric intake and diet, and crops supplements throughout
dryland areas of West Africa (Binam et al., 2017).

Image 9. Farm under FMNR with manure addition in CSV site in Niger. Source: P. Savadogo (ICRAF)
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Agroforestry technologies and practices contribute to adaptation through improving
soil structure and water infiltration, providing soil cover that reduces erosion and
buffers the impacts of climate change (Bayala et al., 2014; Garrity et al., 2010; Mbow
et al., 2014a; Mbow et al., 2014b). With the trees also serving as windbreaks and
shelterbelts, cultivated fields are now resilient to wind storms posed by climate
extremes (Partey et al., 2018). Microclimatic improvement through agroforestry has a
major impact on crop performance as trees can buffer climatic extremes that affect
crop growth (Bayala et al., 2014; Mbow et al., 2014a). Because agroforestry systems
have more biomass than treeless cropping systems, they represent an important carbon
sink apart forests and long term fallows in Africa (Bayala et al., 2014; Garrity et al.,
2010; Mbow et al., 2014a; Sinare & Gordon, 2015). This points to a high potential in
Africa for sequestering carbon and reducing other agriculture related GHG emissions
while maintaining the basic production systems (Mbow et al., 2014a).

Image 10. Alley cropping with Cajanus cajan in Cinzana, Mali. Source: D. Dembélé (CCAFS).
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Agro-climatic information & services
In CSV site in Senegal, farmers estimated that their production has doubled with the
use of climate information service (Diouf et al., 2020). The productivity increase
ensures famers to cover their food needs year-round, generate income to cover other
needs and expenses of their households (Dayamba et al., 2018). The use of climate
information helps farmers to decide on the types of crop and varieties to cultivate, to
choose the appropriate management techniques, and to identify the appropriate timing
for each farming practices (Ouedraogo et al., 2018). This helps farmers to reduce the
risks of crop failure and improve crop productivity. The use of climate information
has significantly improved the main crop (rice, maize, sorghum, millet and groundnut)
yields and farmers agricultural income in southern Senegal (Diouf et al., 2020). For
instance, users of seasonal forecasts gained on average 158 kg/ha and 140 kg/ha more
yield than the non-users, respectively, for millet and rice (Diouf et al., 2020).
Combining agro-advisory services with climate information services offers an
additional benefits in term of improved climate risk management as it helps farmers to
plan for their production and other livelihood activities well before the season starts
(Dayamba et al., 2018). This is achieved through a better understanding, by farmers,
of their local climate features (historical climate data of their locality), a joint analysis
of their resources and their individual circumstances and early planning of their
production activities (Dayamba et al., 2018). This combined approach has
successfully been implemented through the Participatory Integrated Climate Services
for Agriculture (PICSA) in CSV site in Senegal and Mali to manage climate risks
(Dayamba et al., 2018). The approach enabled farmers to make strategic plans long
before the season, based on their improved knowledge of local climate features
(Dayamba et al., 2018). Indeed, about 97% of farmers involved in the PICSA in
Senegal found the approach “very useful” in helping them reducing exposure to
climate risks and increasing yield (Dayamba et al., 2018). In addition to CSV site in
Senegal, climate information use has been reported in all the regions of Senegal
bordering The Gambia (Diouf et al., 2019; Diouf et al., 2020; Ouedraogo et al., 2018).
Early warning system developed based on climate information has also been reported
in coastal zone of The Gambia to adapt to increased flood severity and increased
temperature (Amuzu et al., 2018).
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Weather index-based insurance
Micro-insurance, particularly weather index-based insurance, can strengthen
smallholder farmers adaptive capacity by reducing financial risks from climatic
events, but has not been widely implemented in Sub-Sharan Africa (Di Marcantonio
& Kayitakire, 2017; Fisher et al., 2015; Greatrex et al., 2015; Tyagi & Joshi, 2019). In
the Niger river basin in West Africa, weather index insurance based on the
Standardized Precipitation Index (SPI) was shown to be a promising pathway that
could help farmers to manage climatic risks such as droughts and floods (Okpara et
al., 2017). In Northern Togo, smallholder farmers are willing to pay for weather
index-based insurance and prefer insuring crops, such as maize over sorghum and rice
against drought by paying on average about $14.5 per hectare (Ali et al., 2020). In
southwestern Burkina Faso, farmers are willing to pay on average US$14.3 monthly
to insure their crops (Fonta et al., 2018).
Benefits of weather index-based insurance include increases in farm productivity and
production through informed decision making and efficient use of farm inputs,
protection of farmer assets while offering disaster relief, increase in income and
savings, and in investment or adoption of more profitable production technologies
(Bertram-Huemmer & Kraehnert, 2018; Delavallade et al., 2015; Gebrekidan et al.,
2019; Greatrex et al., 2015; Haile et al., 2020). In Senegal and Burkina Faso, indexbased agricultural insurance had positive impacts on farmers’ productivity, resilience,
and welfare (Delavallade et al., 2015). Weather index-based insurance can be
effective at increasing input spending and use, crop yields, and capacity to manage
food insecurity and shocks (Delavallade et al., 2015; Haile et al., 2020). Index-Based
Livestock Insurance (IBLI) can reduce livestock mortality risk by 25-40 in Northern
Kenya (Chantarat et al., 2013). In addition, It reduces exposure to large shocks and
mitigates downside risk substantially for many households (Jensen et al., 2016). In
southern Ethiopia, IBLI coverage helped to increase household income and milk
production during drought years (Matsuda et al., 2019). It also helps pastoral
households to reduce herd offtake, thereby sustaining the household’s economic
growth (Gebrekidan et al., 2019). Weather index-based insurance can facilitate
recovery from shock. Pastoralist households purchasing IBLI before a shock recover
faster from shock-induced asset losses in Mongolia (Bertram-Huemmer & Kraehnert,
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2018). IBLI indemnity payments have positive and economically large effects on herd
size, have relieved households from credit constraints, and help herders avoid distress
sales and slaughtering animals, thus smoothing their productive asset base (BertramHuemmer & Kraehnert, 2018). In pastoral communities in Northern Kenya, IBLI
payment and the induced investment and risk-management decisions help reduce the
probability of distress sales of livestock and the slaughter of livestock, and can help
the poor households escape poverty traps (Noritomo & Takahashi, 2020).
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Image 11. How index insurance can help smallholder farmers. Source: CCAFS3.

3

https://ccafs.cgiar.org/research/index-based-insurance
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Livestock-based systems
Under village husbandry conditions in The Gambia, supplementation of N'Dama cows
with groundnut cake during the dry season significantly increased quantities of milk
offtake for human consumption and in rates of growth of the suckling calves, and
significantly decreased losses of maternal live weight (Little et al., 1991a). Costbenefit analysis indicated that groundnut cake supplementation was economically
attractive for adaptation to drought impacts in the Sudano-Sahelian zone of The
Gambia (Little et al., 1991a). In addition, sesame cake and cottonseed
supplementation significantly increased growth rate of young N'Dama bulls (Little et
al., 1991b). Moreover, horticultural residues proved to be a feed resource of high
biological value in terms of feed conversion to animal products if harnessed
judiciously especially for the peri-urban dairy sub sector in The Gambia (Akinbamijo
et al., 2003).

Livelihood diversification
In The Gambia, the most widely adopted adaptation strategy was to seek alternative
income generating activities when crops failed (Yaffa, 2013). Diversification of
livelihoods options to spread risk and generate new sources of income in the offseason or in case of crop failure, is also proving a key strategy for survival in the face
of climate change (Anderson, 2017). The new techniques (such as making batiks,
soaps etc.) learnt by women through ActionAid’s agroecology projects in The Gambia
provide alternative livelihood options and the opportunity for women to feed their
families even in the face of crop failure (Anderson, 2017).
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Image 12. Livelihood diversification with vegetable production in Niger. Source: D. Dembélé
(CCAFS).

Migration in search of job opportunities in other regions of the country or abroad
depletes the farm of its labour, but creates a chance to relief food insecurity by money
transfers enabling food purchase by household members left behind (Sonko et al.,
2020). Indeed, migration is an important livelihood diversification strategy and a risk
management strategy for households, including climatic risks (Maharjan et al., 2020;
Rao et al., 2020). Remittances sent back by migrants contribute to diversify household
income with income source less sensitive to climate impacts, spread risks, and insure
against external stressors (Banerjee et al., 2016; Banerjee et al., 2018; Maharjan et al.,
2020; Rao et al., 2020). Migration contributes to improve household adaptive
capacity, though in a limited extent (Banerjee et al., 2016; Banerjee et al., 2018;
Maharjan et al., 2020). In a post-2011 drought survey in the North Bank Region of
The Gambia, Yaffa (2013) found that temporary migration of household members to
gain access to food or money to buy food was important for one out of four
households.
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Social network and institutional support
In The Gambia, many households relied on institutional and social network support to
cope with climate change impacts. Indeed, reliance on social networks and
institutional support – mostly food aid – was an important and quite active coping
mechanism, particularly in the aftermath of the 2011 drought (Yaffa, 2013). Food aid
distribution came from the governments but also from several NGOs such as the
Gambia Red Cross Society and was coordinated by the Office of the Governor (Yaffa,
2013). Social network and institutional support helps farmers to get food or income to
get food in time of crop failure due to drought (Yaffa, 2013). Community- or social
network-based initiatives such as cereal banks can help farmers to successfully store
food that can be available in time of crop failure or during the lean season when food
prices are high (Anderson, 2017). Individual or group savings are can provide a buffer
for short-term needs, increasing a household’s ability to cope with shocks (Greatrex et
al., 2015). Group savings can be lend to individual participants with particular needs,
providing a self-insurance mechanism for the community, or targeted at particular
groups (Greatrex et al., 2015). A randomized field experiment in Senegal and Burkina
Faso showed that female farmers were more likely to invest in savings than male
farmers (Delavallade et al., 2015).

Dietary change
A number of food consumption change practices was used to deal climate-induced
crop failure. A post-2011 drought survey in The Gambia showed that 64% of the
households surveyed had to modify food consumption to deal with drought-induced
harvest losses and another two-thirds had to reduce their food intake (Yaffa, 2013).
This could involve buying cheaper, less nutritious food, reducing the number of meals
per day, limiting portion sizes, adults eating less to leave enough food for children and
pregnant wives, or a combination of these measures (Yaffa, 2013). However, reducing
food consumption and post-failure coping strategies such as sale of household assets,
or taking children out of school can be harmful, ineffective and unsustainable (Fisher
et al., 2015).
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Conclusions
Identifying and assessing adaptation options are key pre-requisite steps prior to
adaptation prioritization for effective adaptation planning. This synthesis documented
and analyzed 28 CSA options that could inform adaptation planning in The Gambia
agriculture and food system. The documented options spread across nine categories
including Crop diversity use and management, Soil and nutrient management, Soil &
Water Conservation and Irrigation, Agroforestry systems, Livestock-based systems,
Agro-climatic information services, Social network and institutional support, and
Livelihood diversification. Most of them if not all contribute to first and second CSA
pillars (i.e. productivity and adaptation) highlighting their potentials to sustainably
increase agricultural productivity and income while adapting and building resilience
to climate risks. While several options can contribute to climate change mitigation,
some have no or negative impacts in mitigation. Further stakeholder engagement and
participatory prioritization is crucial in selecting the priority adaptation options which
maximize their potentials in the context of The Gambian agriculture and food system.
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