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Abstract
Knowledge of strategies to improve farm household resilience to food insecurity and counter adverse weather events and poor
resource endowment is a pre-requisite for implementing solutions fitting local conditions. This paper examines subsistence
farmer knowledge of strategies to cope with food insecurity and progressive climate change in the Lower River Region of
The Gambia. The study applies survey data collected from the predominantly agricultural, poorly urbanized region in 2017 with
regard to knowledge of eleven strategies, nine strategies directly related to farm practices and two related strategies associated
with insufficient food crop production. Farmer strategy knowledge is estimated using the logit technique and identified farmer,
farm household, farm practice, and environmental characteristics and factors significantly influencing such knowledge. The
calculation of probability changes quantified the effect associated with a particular factor on knowing a strategy. Formal
education, secondary household activities, gender, government support, farm size, and income influence the knowledge of
selected strategies. Additionally, knowledge of some strategies is also associated with certain practices, e.g., planting trees.
Insights gained from the study into the factors driving illiterate, ultra-poor farmer knowledge of available strategies are of use
for multiple stakeholders helping to channel their efforts to reduce food insecurity in the studied region, The Gambia, other
regions, which share similar socioeconomic and environmental conditions.

Keywords Weather pattern . Climate change . Strategy knowledge . Food insecurity . The Gambia . Survey . Logit . Probability
effects

1 Introduction

Food security remains a major uncertainty for households
across the globe. Despite many efforts, sub-Saharan Africa

still accounts for a large number of food insecure individuals
(Conceição et al. 2016). Arouna et al. (2017) estimated that
over 239 million people in sub-Saharan Africa are undernour-
ished and consume less than 2100 food calories daily.
Vulnerability to climate changes such as droughts or floods
increases undernourishment risk and rises mortality in sub-
Saharan Africa (Bain et al. 2013; de Onis and Branca 2016).
The persistent lack of adequate food, even if temporary,
causes a number of sub-Saharan countries to be prone to social
instability, which could lead to recurrence of the food crises
observed in 2008 (Arouna et al. 2017). Household food secu-
rity has been also affected by the unpredictable nature of
weather pattern affecting crop yields.

Food security in sub-Saharan Africa faces many uncer-
tainties ranging from inadequate production resources to weak
value chains, which leads to poor linkage between farms and
markets (Piesse and Thirtle 2009; Trimmer et al. 2017). Farm
productivity must double by 2050 to meet the growing needs
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of the sub-Saharan Africa population which is projected to
increase from 1.0 billion in 2017 to 1.9 to 2.3 billion in
2050 (Godfray et al. 2010). Acute food insecurity in West
Africa’s rural areas is also reflected in expenditure pattern of
nutrient dense foods consumed by urban households (Meng
et al. 2018). Food crop availability, which determines good
nutrition and living standards of the society, is exacerbated
because of poor allocation of funds to agricultural research
and irrigation schemes. In the beginning of twenty-first cen-
tury, climate change and weather variability have been identi-
fied by researchers as contributing factors to food insecurity
affecting society in the developing countries (Rosegrant and
Cline 2003). Other factors contributing to food insecurity in
this region include food price increases, which sometimes lead
to riots. Strategies to improve household food security through
crop intensification, value addition and market mechanism
have been suggested (Godfray et al. 2010). Crop specific strat-
egies to boost sub-Saharan Africa food security include inten-
sification of rice production since rice is considered a staple on
the continent (Moluna 2002; Nakano et al. 2014; Conceição
et al. 2016). Per capita cereal consumption has been about
175 kg in The Gambia, where rice accounts for 117 kg and
other field crops for 58 kg (IFAD 2007).

Knowledge of farming options to improve a farm house-
hold resilience and reduce the susceptibility to food insecurity
that also counter adverse weather events, progressive chang-
ing climate (Mudombi-Rusinamhodzi et al. 2012), and poor
resource endowment is a pre-requisite for the suitable strategy
adoption fitting regional conditions. However, there has been
inadequate number of studies examining the familiarity with
alternative adaptation strategies among rural residents, espe-
cially in isolated vulnerable communities (Thomalla et al.
2006). This paper examines the knowledge of strategies by
subsistence farmers to cope with food insecurity and adapta-
tion to progressive climate change in Lower River Region of
The Gambia. The approach recognizes the existence of an
intermediate step in the adoption of a strategy in which farmer
and farm characteristics and economic measures influence
knowledge and indirectly lead to adoption (Meijer et al.
2015). The study applies survey data collected from the pre-
dominantly agricultural, poorly urbanized region of the Lower
River Region in the summer of 2017, with special attention
paid to adaptation strategies that have potential to improve
crop production and household resilience to weather and cli-
mate adversities. Both climate change and weather effects are
intertwined and although they differ (IPCC 2007) the farmer
adaptation plays key role because of agriculture’s role as the
main employer in the country and an important sector of the
economy. Specifically, the paper identifies adaptation mecha-
nisms to improve rural household food security and scruti-
nizes factors that influence the knowledge of each strategy.
Information about factors associated with such knowledge is
essential in developing policies and programs needed to

enhance food security in the studied region. Additionally,
since the identified strategies are not unique to the region or
The Gambia, the study offers insights useful in formulation of
approaches applicable in effective handling of food insecurity
in other parts of sub-Saharan Africa, which share similar so-
cioeconomic and environmental conditions. The contribution
of the current study is the quantification of the effects farm,
farmer characteristics, and farming practices have on the prob-
ability of knowing about each of the adaptation strategies in a
country and the region suffering from exceptional poverty.
Decision-makers, who lack insights into the factors driving
illiterate, ultra-poor farmer choices can now compare the in-
fluence of various factors on a particular strategy and elect
strategies that fit best local environmental conditions and that
lead to a sustained resiliency of rural household facing food
insecurity.

2 Food security, weather patterns
and gradual climate change

Food security is defined as having access to sufficient volume
of safe and nutritious food, which meets individual dietary
needs and preferences for an active and healthy life
(Rosegrant and Cline 2014; Acevedo et al. 2018; Mc Carthy
et al. 2018). The Food and Agriculture Organization (FAO)
conceptualizes food security as when people meets all the
components of food security for sustenance of the life
(Pinstrup-Andersen 2009). Still, others categorize food secu-
rity into three common pillars: food availability, access, and
utilization (Faso et al. 2006; Barrett 2010). Food availability
or access to the adequate volume meeting nutritional require-
ments is a common theme of various definitions. For many
farm households the availability of food is linked to their
ability to grow a variety of crops. The primary risk associ-
ated with crop production involves the uncontrollable
weather events such as droughts or floods expected to in-
crease in frequency in the Gambia (Jaiteh and Sarr 2011;
Urquhart 2017).

Weather patterns are the driving force of food availability
and accessibility in the short run and the future weather
patterns and climate change in Africa have been subject to a
number of studies. Acevedo et al. (2018) evaluate food avail-
ability and, in particular, food production limitations as related
to environmental conditions. Richardson et al. (2018) assess
vulnerability of food insecurity under climate change and ad-
aptation scenarios at a country level and find that sub-Saharan
Africa would be severely affected by all considered scenarios.
West et al. (2014) reported that closing the yield gap could
enhance food availability that will meet the essential food
needs of the growing population, while taking into account
ecological sustainability. In a similar study of yield gap as a
solution to food security in The Gambia, Sanyang et al. (2013)
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found that maize yield could be increased using an improved
variety and through an efficient use of inputs. Overall, the
studies of the effects at the aggregate level, national or region-
al, provide an overview of the effects, but need to be
complemented by studies of households that take the brunt
of the progressive climate changes and have to cope with the
food insecurity in the aftermath of catastrophic weather
events.

2.1 Catastrophic weather events in the Gambia
and climate change

The Gambia is highly vulnerable to climate change impacts
because of its small size and the economy heavily dependent
on agriculture. About 17% of GDP was generated in agricul-
ture in 2016 (theglobaleconomy.com 2018). Table 1 shows the
recent catastrophic weather events experienced by farmers in
The Gambia. The sequence of floods and droughts negatively
affected the country’s production of staple grains and exposed
farm households to food shortages. Floods are viewed as the
particularly serious climate-related calamities experienced in
Africa (Elum et al. 2017). Additionally, the frequency of
weather-induced disasters has been increasing over time in
The Gambia (Table 1) and other parts of sub-Saharan Africa
for some time (Unganai 1996). Even if the weather event was
regional in scope, the unforeseen decrease in agricultural out-
put can have a destabilizing effect by changing the available
national supply of food grains. At the farm level, the empirical
evidence suggests that farmer behavior is conditioned by
short-term climate variations and extreme weather (Bryan
et al. 2009).

The predominantly rural character of The Gambia and the
scattered settlements pose a challenge in the delivery of the
basic services such as primary education and health care, and
create exceptional difficulties in supplying aid. The literacy
rate was 55% in The Gambia in 2017 (indexmundi.com
2018) and generally expected to be lower among rural
residents, especially women. The Gambia placed 174 out of
189 countries in the Human Development Index measuring
the overall quality of life as captured by the longevity and

health, access to knowledge, and standard of living (UNDP
2018).

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. In
extremely poor societies, households lack resources to pur-
chase staples at the marketplace, even if suppliers respond
by increasing deliveries. Per capita Purchasing Power Parity
(PPP) index places the Gambia towards the bottom of inter-
national ranking with the average annual per capita income of
9% as compared to the world’s average (tradingeconomics.
com 2018). Per capita income in rural areas is less implying
that the farm household dependence on own staple crops
inventories is vital for food security. Extreme poverty
combined with the scattered character of settlements and
inadequate road system causes that the adaptation to climate
change in the marginalized communities is largely unknown
rendering the many proposed solutions potentially
impractical. The challenge remote and poor communities
present is that they are unattractive to international donors
and their domestic political influence weak.

The coping with adverse weather patterns and adapting to
gradual climate change are distinctly different (Dazé et al.
2009). The short-term orientation of coping although useful
in reducing food insecurity, may not improve the resilience of
households facing damaging effects of climate change.
Studies examining the food insecurity identified links with
the socio-demographic and economic characteristics. For ex-
ample, large family size, and advanced age were negatively
associated with food security, while more years of schooling
or more income improved food security among urban poor
repeatedly displaced by riverbank erosion (Shetu et al. 2016).

Ojogho (2010) investigated factors influencing food secu-
rity among farming households and concluded that the educa-
tional attainment level improves household food security,
while the increasing number of dependents or advanced age
lowered food security. In addition, farmers producing larger
output were less probable to experience food insecurity than
farmers with less output and those with more income were
more food secure. In another study, a large share of farmers

Table 1 Chronology of climate-
related events in The Gambia Date Event

2016 Drought in The Gambia

2012 Floods and Windstorms in The Gambia

2011–12 Drought in The Gambia

2010 Floods Greater Banjul area

2002–2003 Effect of salinization in swamp ecologies in WCR, LRR and NBR, The Gambia

2002–2003 Drought in The Gambia

1990–91 Drought in The Gambia

Notes: WCR=West Coast Region; LRR = Lower River Region; NBR =North Bank Region

Source: GAMBIA NAPA 2007; van der Geest and Warner 2014; M’koumfida et al. 2018
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indicated the weather, interpreted by the author as climate
effects, being an important factor influencing the crop produc-
tion and linked to food security (Sanusi and Salimonu 2006).

3 Methods

3.1 Strategies to cope with food insecurity in the face
of gradual climate change

Coping with food insecurity in the context of progressive cli-
mate change and the associated variable and extreme weather
reflects adaptive capacity (IPCC 2007) and is observed best at
farm level. A series of events (Table 1) that directly affect
harvests and expose households to food insecurity could have
induced change in approach to farming in The Gambia.
Knowledge of possible options is an indicator of adaptive
capacity and a prerequisite of implementing changes to sustain
adequate food supply in future determining the resilience of
rural communities to food insecurity. The current study focus-
es on learning what a particular group of mostly illiterate
farmers knows about available strategies because the local
communities have already been affected by gradual climate
change (Table 1) and adverse weather. Knowing what it is that
the farmers already know narrows the focus of the adaptation
strategies that fit local needs and which implementation can be
accelerated through targeted assistance and advisory services
to pre-empt or reduce negative effects of another catastrophic
weather event and making households food secure.

Several adaptation strategies to alleviate food insecurity
that can be known to rural households in The Gambia. The
adaptation strategies are associated with the variable weather
and the observed gradual climate changes, and to control their
consequences, e.g., soil erosion, ultimately reducing the risk
of food insecurity. Crop diversification has been practiced to
reduce the effects of a single crop failure due to disease, insect
infestation, or unfavourable weather. Changing crops has been
acknowledged as a farm-level adaptation strategy
(Rosenzweig and Perry 1994) and new climate-ready crops
with traits making them resilient to, for example drought, need
to be developed by 2030 (Shakoor et al. 2013). To be readily
adopted, crop diversification strategy must involve crops
somewhat familiar to local farmers that have attributes con-
tributing to nutrition, while meeting taste expectations.

Changing planting date is an adaptation strategy that is
easily available to farmers (Rozenzweig and Perry 1994;
Lobell et al. 2008). It is inexpensive and as simple as observ-
ing the current weather and adjusting the planting until
sustained precipitation occurs. Since illiterate farmers may
depend on oral tradition and habits more so than literate
farmers, knowledge of the possibility of shifting the planting
date is important. In recent years in many parts of the world
and Africa, the timing of monsoons or the rainy season has

been less predictable. Yet, some farmers proceed with planting
regardless of whether the rains arrived or not because they
base their actions on tradition rather than actual developments.
Planting when the rains are delayed results in poor establish-
ment or even a complete failure of the crop requiring a second
planting. Smallholders may lack seed to replant placing the
household at risk of being food insecure.

Crop rotation is another adaptive strategy to address the
food security as the climate undergoes progressive change
(Shakoor et al. 2013). Crop rotation involves using familiar
crops but in a different sequence and the incorporation of
green manures whenever possible. Although experts suggest
crop rotation, the actual use of that adaptive strategy by small-
holders poses challenges. The current study verifies the
knowledge of the strategy assuming this is a pre-requisite to
its practice.

Early maturing crops offer an option of growing food in
response to the current weather pattern such as delayed rains
that prevented planting the intended, likely traditional, crop.
Crops requiring shorter growing season are being developed
by breeders, for example corn (Pswarayi and Vivek 2008;
Badu-Abraku et al. 2013), and address the risk of food inse-
curity. The importance of early maturing crops may increase
over time as the climate changes become an established new
pattern. For the smallholder farmers, the choice of early ma-
turing crops involves not only staple grains, but also vegetable
crops and legumes. Earlymaturing groundnut varieties require
considerably less precipitation (Ntare et al. 2008) making
them attractive in diversifying crops to reduce the risk of food
insecurity, while dealing with weather uncertainties. The no-
tion of early maturity varies with crops and for some legumes
the medium maturity period may be more appropriate given
their importance as a food crop. The latter are widely popular
in The Gambia and West Africa as a whole.

Alley farming was developed with resource-poor farmers
in mind (Carter 1995). It has been developed in the late 1970s,
mostly to improve productivity and as such associated with
food security before the climate change has become an inter-
national concern. Alley farming involves including trees and
shrubs (sometimes in the form of hedgerows) in a spatial ar-
rangement with food crops (Kang 1997). Planted in rows,
trees or shrubs improve soil fertility, reduce soil erosion, con-
serve water (shading), and may be a source of firewood. Some
of alley farming features have been constraining the adoption
of this strategy including underground competition, but it has
been adopted in areas suffering from firewood shortage
(Adesina et al. 2000). A fast growing Cassia (Cassia siamea)
is a typical tree used in alley farming in The Gambia. A lack of
knowledge about studies of socio-economic factors influenc-
ing the adoption of alley farming was noted in the literature
(Adesina et al. 2000), and the current study focuses on exam-
ining factors that influence knowing about this adoption
strategy.
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Another adaptation strategy is contour farming. Contour
farming reduces soil erosion if the rains are moderately heavy
(Giller et al. 2011). The focus area of the current study, located
along the river, includes sloped fields and contour farming has
been observed among some farmers.

Soil condition directly influences food security of farm
households (Zanella et al. 2015). Fragile soils need to be
farmed in ways to reduce the risk of erosion or effects of
limited precipitation. Widely advocated conservation tillage
protects the environment and zero-tillage is an adaptation
strategy as the environmental friendly in the process of grad-
ual climate change (Busari et al. 2015). Crops grown without
tillage have been observed to have higher yields than the same
crops with tillage and there are examples of crops grown with-
out tillage being more resilient to drought and high tempera-
tures (FAO 2012) favouring this adaptation strategy from the
food security and climate change standpoint. Farmer practices
in The Gambia include tethering animals on zero-till fields
after the harvest to fertilize the soil with their droppings before
the new planting season.

Agroforestry has been practiced by smallholder farmers in
sub-Saharan Africa (Mbow et al. 2014). It involves a deliber-
ate choice and planting of woody perennials. Agroforestry
improves soil fertility allowing smallholder farmers to incor-
porate tree organic matter into the soil when mineral fertilizers
are unaffordable, counteracts soil erosion, can be a source of
livestock fodder, and provides food increasing household food
security. It is a cost-effective method improving food security
(Garrity et al. 2010). is practiced also to counter climate var-
iability (Nguyen et al. 2013). Agroforestry systems vary
throughout Africa (Mbow et al. 2014), but in the current study,
agroforestry as an adaptation strategy implies that farmers
planted trees in their fields also for the indirect improvement
of household food security (e.g., supply of organic matter
incorporated into the soil or nitrogen-fixing species (Shakoor
et al. 2013)). In the study area farmers plant African locust
bean (Parkia biglobosa), Apple-Ring Acacia (Acacia albida),
and fast growing and drought resistant drumstick tree
(Moringa olefera).

Integrated Pest Management (IPM) has been applied
worldwide as a strategy that improves food security by con-
trolling various pests. IPM also helps to suppress outbreaks of
pests resulting from adverse weather such as excessive rains
or periods of drought.Williamson et al. (2008) identified dam-
age caused by insects to staple crops as the primary driving
force in pesticide applications in several West African coun-
tries. Weed suppression through the herbicide use is most
commonly practiced because of direct labour saving effect
and improved yields. As such IPM offers a strategy that im-
proves food security of a household, but the use of IPM in the
mix of crops and non-chemical practices smallholders in de-
veloping countries needs more research (Way and van Emden
2000). With increasing weather variability creating conditions

for outbreaks of variety of pests, IPM offers an adaptation
strategy that may be of increasing relevance to household food
security.

Inadequate household food inventories, including those
resulting from changing weather patterns, have been linked
to two strategies that have an indirect effect on food produc-
tion. They are temporary migration and long-term or perma-
nent migration. Migration may be a feasible adaptation strat-
egy to climate change under some circumstances (Adger et al.
2003). However, given the conditions of the surveyed region,
the practiced form of migration is temporary migration. The
migrants are typically young men who leave the household in
the short term and work on farms in other regions. They are
expected to bring food supplies, which are their in-kind pay-
ment back to the household. The short-term character of tem-
porary migration, its reactive nature and occurrence only in
years when the crop is short suggests that this strategy falls
into the category of coping methods rather than adaptation
from the standpoint of gradual climate change (Dazé et al.
2009), but is a workable approach when dealing with food
insecurity.

If the food insecurity is a recurring threat, it may evolve
into a long-termmigration. Long-termmigration or permanent
migration involves migrating in job search primarily to the
country’s urban areas or abroad. Such migrants are likely ed-
ucated and once they find a job, expected, and, by tradition,
obligated to send remittance in more or less regular intervals,
which the household can use to purchase food at local mar-
kets. Remittance is a lasting adaptation strategy leaving the
rural household members largely food secure as long as the
migrant has a job. Whereas the temporary migration means
that, the individuals will return to the household in time for
planting, sending remittance means migrating longer distance
in search of off-farm work and leaves less labour for farming.
A lasting absence could lead to changes in the type of planted
crops, dis-adoption of some food security enhancing strate-
gies, and the reduction of tilled farmland linking food security
to remittance. Recently, some rural households in the Lower
River Region have been observed selling assets to finance the
cost of a household member migrating in search for a job
abroad.

3.2 The study area and survey

Having data for a specific geographical location is vital be-
cause bringing understanding to the regional level even within
a country is important (Vermeulen et al. 2012). The current
study uses survey data collected in 18 villages located in
Lower River Region of The Gambia. The region is character-
ized by low population density. It is the poorest region in terms
of farming and rural livelihood opportunities.

The natural conditions of the region are characterized by a
unimodal rainfall between June and October. The average
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annual rainfall ranges from 600 to 900 mm. The seasonal
temperatures vary between 32 °C and 34 °C and are generally
higher in the eastern part of the country (Loum and Fogarassy
2015; Bojang et al. 2016). The main livelihood activity is
subsistence rain-fed agriculture. The main field crops include
maize (Zea mays), groundnut (Arachis hypogea), millet
(Pennisetum glaucum), sorgum (Sorghum bicolar), rice
(Oryza sativa), and guinea corn (Sorghum vulgare).

3.2.1 Sampling and data collection

National surveys are limited by financial constraints or polit-
ical interest to prioritize food security of households from
different areas. Previous studies by UN-WFP (2016) identi-
fied the Lower River Region (LRR) as one of the most vul-
nerable regions in The Gambia to erratic weather patterns
impacting crop yields and food security. Vulnerable districts
are locations where major droughts/dryspells and salinity re-
sulted in low crop yields over the past 30 years (Yaffa 2013).
A list of all farming villages in the LRRwas obtained from the
Regional Agriculture Directorate head office. The villages
were divided into strata (i.e., villages close to the river bank
and villages far from the riverbank) and those close to the
riverbank were selected for study. Out of the villages close
to the riverbank, eighteen villages where randomly chosen
from six districts, three villages from each district. In each of
the eighteen villages, growers of two staples (rice and maize)
were listed by the agriculture extension agent and village
heads. Using the list as a base, ten farming households were
approached in each village, five maize growers and five rice
growers. The total was 180 farms. The applied selection
method was adopted from Dibba et al. (2012) who used sim-
ple random and systematic sampling techniques because of
the low number of respondents growing the selected crops
(swamp rice and maize).

The questionnaire was prepared with reference to a similar
study in North Bank Region of The Gambia (Kutir 2015). The
questionnaire was tested to assess the awareness of rural
household to respond to food insecurity by choosing a strategy
given weather extremes and gradual climate change. The enu-
merators were the socio-economic staff of the National
Agricultural Research Institute (NARI) whose mandate is to
survey and evaluate food security in The Gambia. Six enu-
merators were trained and the questionnaire was pre-tested.
The questionnaire was translated into the country’s major eth-
nic language Mandinka, spoken by at least one-half of the
country’s population. The questionnaire included questions
pertaining to the socio-demographic characteristics of the
farmer and his households, main and secondary economic
activities, and farming practices.

The survey involved a face-to-face interview and was con-
ducted in August 2017. Most interviews lasted 45 min on
average and took place during the peak farming season, i.e.,

August. Farmers were interviewed during the day because of
the fatigue later in the day. All respondents participated will-
ingly in the survey after first being presented the explanation
of the purpose of the study.

3.3 The selection of the estimation approach

The focus of the study on examining knowledge of adaptation
strategies by farmers in Lower River Region poses a measure-
ment challenge. The answer to a question pertaining to a spe-
cific strategy was limited to the choice between “Yes” and
“No”, the commonly applied coding of such response is 1 if
the respondent choose “yes” and 0 in the case of “no”. The
decision to choose between two available options implies the
binary nature of the coded response. The coding suggests the
use of the suitable estimation technique to identify factors
influencing the knowledge of a specific strategy and logit
technique offers a solution. The logit model with dependent
variable y є [0, 1] takes the general form (Wooldridge 2002):

E yjqβ½ � ¼ G qβð Þ ð1Þ
where: qβ =α + xγ + ε (2).

contains an intercept α, a vector of explanatory variables x
with coefficients vectorγ, random error ε, and G () =Λ (), the
logistic CDF. The logit model directly estimates the choice of
option describing knowledge of a strategy for each farmer
while ensuring that the predicted responses for a given set of
farmers fall in the unit interval. A chi-square test is used to
verify the model’s goodness of fit (Wooldridge 2002).
However, the estimated coefficients cannot be interpreted un-
til an additional step converts them into the probability of the
dependent variable change in response to the unit change in
the explanatory variable for the change from 0 to 1 in the case
of a binary variable. The conversion quantifies the effects
making it practical to gauge the adaptive capacity and relative
importance of factors influencing the knowledge of a specific
strategy to improve household food security.

4 Results

4.1 Survey summary results

The average age of the respondent was 34 years old (Table 2).
The average age in The Gambia was estimated at 43.2 in 2013
(GBoS 2013), yet, almost 58% of the population was 24 years
old or younger in 2017 (indexmundi.com 2018). Majority of
the respondents were married (96%). The vast majority of the
survey respondent did not receive any formal education (91%)
(Table 2) reflecting the poverty of the region, even in compar-
ison to other regions in The Gambia. Formal education can
affect the knowledge of the adaptation strategies, and not
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knowing about possible options may exacerbate food insecu-
rity in the study area. Sub-Saharan countries, where farmers
had a relatively high education level showed higher level of
technology adoption leading to higher agricultural productiv-
ity (Fuglie and Rada 2013).

4.2 Changes in probability of knowing the adaptation
strategies

It is knowledge that is a necessary condition of choosing to
implement any adaptive strategy and, therefore, only marginal
effects and effects of the binary variables on the probability of
knowing each strategy are discussed in the subsequent sec-
tions, while estimation results and calculated effects are pre-
sented in tables. Tables 3 through 5 show the logit equation
estimation results.

4.2.1 Crop diversification

Among the socio-economic factors, women appear to have
11.5% higher probability of knowing about the strategy than
men (Table 3). It is likely associated with women commonly
cultivating a wider variety of crops, including vegetables,
many of which mature within a period of time that is shorter
than in the case of major grains. Among farm characteristics,
the farm size increased the probability of knowing about the
crop diversification by 7.6% as the farm size increased by one
hectare (Table 3). However, the probability of knowledge
would also increase (by 5.7%) if the farms choose to reduce
the amount of cultivated land. The latter could result from
growing labour-intensive crops, such as vegetables given a
variety of vegetables that are grown on farms in the region.

Linked to the reduced farmland is the positive effect of
agroforestry practiced by the farm, which increases the prob-
ability of knowing crop diversification strategy by 4.5%
(Table 3). Additionally, if the farm has been engaged in tree
planting the probability of knowing about crop diversification
strategy increased by 5.8%. Respondents from farms practic-
ing agroforestry have a 6.8% higher probability of knowing
about crop diversification than those where agroforestry has
not been practiced.

Two opposite effects have been identified for knowledge of
a respondent about the crop diversification where farming was
the main activity and if the farm reported secondary activities.
The former decreases the probability of knowing about crop
diversification decreases by 18.2%, while in the latter in-
creases it by 11.9%. Overall, factors increasing the probability
of knowing about crop diversification as a strategy to reduce
food insecurity seem to be characteristic of female respon-
dents, importance of secondary activities, tree planting, and
agroforestry.

4.2.2 Changing planting date

By changing planting date, farmers attempt to adjust to the
shifting rain pattern and its critical importance for germination
and establishing the crop. It appears that farmers who practice
contour farming are 14.4% less likely to know about that
strategy (Table 3), while those planting early maturing crops
are 22.6% less likely to know about the strategy of changing
planting date.

Farmers practicing agroforestry had a 23.5% higher prob-
ability of knowing about the strategy of changing planting
date (Table 3). It is possible that practicing agroforestry
broadens farmer knowledge by expanding alternative strate-
gies to cope with food insecurity. In addition, farmers receiv-
ing government assistance have a 11.8% higher probability of
knowing about the possibility of changing planting date. The
knowledge involving the changing planting date may be driv-
en by the series of weather events experienced in The Gambia
in recent years and attributed to the changes in global climate.

4.2.3 Crop rotation

Respondents from households with higher incomes than the
average in the sample had 8.5% higher probability of knowing
about crop rotation as the strategy to improve their food security
(Table 3). Also, as the farm size increased, a respondent was
10.5% more likely to know about crop rotation as a suitable
approach. Clearly, the better off and larger farms apply crop
rotation, which seems to assure household members of having
sufficient food inventories as could be expected if crops, even in
years of lower yields, harvested from a larger area produce
adequate volume. Area expansion may not be a viable alterna-
tive for all rural households in the region. Only if some farms
transfer their land to others, can the household farm area in-
crease, pending adequate labour or access to machinery.

4.2.4 Early maturing crop

A number of early maturing crops have been and are being
developed for African farmers including maize and ground-
nut. Knowing about the early maturing crops as an adaptation
strategy to alleviate food insecurity risk and strengthen the
farm household resilience against the progressive climate
change decreases by 19% if a respondent received formal
education (Table 4). The result seems counterintuitive but in
a community of mostly illiterate farmers, having any level of
education may imply that such farmers have already focused
on strategies other than early maturity, including agroforestry,
IPM, or no tillage. Farmers applying inorganic fertilizer had
17% high probability of knowing about this adoption strategy
as compared to those who did not apply such fertilizer. The
result suggests that should a farmer plant an early maturing
crop, she may also add inorganic fertilizer to boost yields.

Subsistence farmer knowledge of strategies alleviating food insecurity in the context of climate change in the lower river region of the Gambia



Practicing planting at the recommended period lowers the
probability of knowing about early maturing crops by 26%.
There appears a knowledge gap among farmers adhering to
traditional practices and informing them about an alternative
adoption strategy involving early maturing crops is necessary
in efforts to enhance food security. Early maturing crop may
imply a purchase of certified seed and as such limited knowl-
edge of resource-poor farmers.

4.2.5 Alley farming

A respondent’s knowledge of the alley farming increases by
10.5% as the household income increases (Table 4). A large
effect on the probability of knowing about alley farming as the
strategy of countering food insecurity is the practice of

planting at the recommended time, which increases it by
31.1%. Respondents from farms using herbicide have a
30.3% lower probability of familiarity with alley farming.

4.2.6 Contour farming

Contour farming can be practiced in the region considered in
the current study as the location of agricultural land shifts
away from the bank of the river to higher ground. Male re-
spondents had a 12.1% higher probability of knowing of con-
tour farming than female respondents (Table 4). As the income
increased, the probability of knowing about contour farming
as the food security enhancing strategy increases by 7.7%.
Two practices have the opposite effect on the probability of
interest. Specifically, practicing soil conservation lowered the

Table 2 Descriptive statistics of variables included in the empirical model (N = 180)

Variable name Variable description/ units of measurement Mean Std. Dev. Min Max

Dependent variable

Diversification of crops 1 = Yes 0.76 0.43 0 1

IPM 1 =Yes 0.31 0.46 0 1

Remittance 1 = Yes 0.32 0.47 0 1

Independent Variables

Socio-economic characteristics

Age Years 49.39 13.94 19 90

Gender 1 =Male, 2 = Female 1.5 0.501 1 2

Household size People 5.03 15.83 1 211

Education level 1 = no formal education, 2 = primary, 3 = junior high
school, 4 = junior high school 5 = tertiary

1.21 0.77 1 5

Contour farming 1 = Yes 0.26 0.44 0 1

Income The Gambian Dalasis 9392.27 22,848.02 370 291,770

Farm characteristics

Soil conservation 1 = Yes 0.69 0.46 0 1

Low soil nutrients 1 = Yes 0.65 0.48 0 1

Inorganic fertilizer 1 = Yes 0.77 0.42 0 1

Farm inputs 1 = Yes 0.58 0.443818 0 1

Farm size Hectares 1.00419 0.916053 0.05 6

Early maturing crop 1 = Yes 0.039 0.19 0 1

Household secondary activities 1 = Farming, 2 = Animal husbandry, 3 = Fishing, 4 = Business,
5 = Labourer, 6 = Employee, 7 = Others

2.35 2.10 1 7

Household main activities 1 = Farming, 2 = Animal husbandry, 3 = Fishing, 4 = Business,
5 = Labourer, 6 = Employee, 7 = Others

1.26 1.06 1 7

Herbicide 1 = Yes 0.84 0.36 0 1

Purchase seed 1 = Yes 0.83 0.38 0 1

Irrigation facilities 1 = Yes 0.94 0.24 0 1

Reduce farm size 1 = Yes 0.69 0.46 0 1

Planting during recommended period 1 = Yes 0.67 0.47 0 1

Other non-farm characteristics

Soil affected problems 1 = Yes 0.78 0.41 0 1

Free farm inputs 1 = Yes 0.89 0.32 0 1

Government assistance 1 = Yes 0.66 0.48 0 1

Sonko E. et al.
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probability of knowing about contour farming by 20.6%. In
contrast, practicing agroforestry increased such probability by
22%. Tree planning may be encouraged by sloping terrain and
the results reflects that implicit link.

4.2.7 Zero-tillage

The increasing income lowered the probability of knowing
about zero-tillage as the strategy to improve food security
among the surveyed farmers by 7% (Table 5). Respondents
practicing soil conservation had a 31.8% higher probability of
knowing about zero-tillage. The result is plausible since the
one of the zero-tillage benefits is the reduction in soil erosion.
Also, those practicing agroforestry have a whopping 44.6%
higher probability of knowing about zero-tillage. Agroforestry
practice counters soil erosion.

4.2.8 Agroforestry

Agroforestry involves planting trees beside agricultural crops.
The probability of knowing of agroforestry as the strategy
enhancing food security increase by 18.6% it the household
was engaged in the secondary activities (Table 5). However,
respondents from households receiving government assis-
tance had 25.7% lower probability of knowing about agrofor-
estry. Relying on government assistance may have resulted
from following the traditional practices, which seem to fail
under changing climate conditions. Those from households
facing low soil nutrients had a 14.4% higher probability of
knowing about agroforestry since agroforestry benefit in-
cludes increasing soil organic matter by incorporating in the
soil any of the leaves shed by planted trees. In addition, those
having farm inputs had a 13.4% higher probability of knowing
about agroforestry as a strategy improving food security.

4.2.9 Integrated Pest management (IPM)

Female respondents are 24% more likely than males to know
about this strategy (Table 5). Also, the knowledge of IPM in-
creases considerably with change in respondent’s age; the prob-
ability increases by 20% as the age increases by one year above
the sample mean. Respondents from households with higher
incomes can be expected to have 9.6% higher probability of
knowing about IPM than those from lower income households.

The reported secondary activities increase the probability
of knowing IPM by 18% (Table 5). Additionally, if a farm
planted crops in recommended period, the probability of
knowing IPM increases by 16% and possibly reflects the ad-
herence to the received agronomic advice.

Respondents from farms engaged in agroforestry have 31%
higher probability of knowing about IPM. However, farms
choosing to reduce the amount of farmed land have a 21%

lower probability of knowing about IPM as a strategy of deal-
ing with food insecurity and climate change.

4.2.10 Temporary migration

The calculated effects show that as the respondent advanced in
age he had a nearly 22% lower probability of being familiar
with the temporary migration as an approach to deal with food
insecurity in a household (Table 6). An even stronger effect
was associated with education. Respondents with formal ed-
ucation were almost 24% less likely to know about temporary
migration as the strategy to address the food insecurity. The
result is interesting because it suggests that the educated
farmers were more likely to stay in the village rather than
leaving it in contrast to numerous studies that provide evi-
dence of the educated leaving rural areas and farming by tak-
ing advantage of job opportunities elsewhere. It is possible
that the observed effect results from the relatively large num-
ber of the illiterates and from limiting the variable to a binary
indicator of having any level of education vs. having none.

Respondents who planted crops at the recommended pe-
riods had about 17% lower probability of knowing of tempo-
rary migration strategy than those who did not plant at the
recommended dates (Table 6). However, the largest effect
was associated with the use of herbicides; those applying her-
bicides had about 44% lower probability of knowing about the
strategy involving temporary migration. Herbicide use reflects
acquired knowledge of herbicide use and the variable acts as a
proxy for the respondent boarder knowledge than that ac-
quired through formal schooling.

4.2.11 Remittance

Migration in search of job opportunities to 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. Increasing
age of the respondent increases the probability of being familiar
with that strategy by 3% in response to a 1 % change in age
(Table 6). The effect of gender is positive but of negligible
amount (1%) suggesting women to be more aware of that strat-
egy and likely the result of men migrating out of the household
leaving women and children to farm. Having education also
increases the probability of knowing about remittance as the
strategy to alleviate food insecurity but by merely 3 %.

Factors describing the farm and farming practices have a
different effect than socio-demographic variables. Receiving
free inputs lowers the probability of knowing about remittance
as the strategy to address food insecurity by 20% (Table 6).
Also, having farm inputs lowers the probability by 12%. The
effects of the two variables suggest that having inputs encour-
ages respondents to focus on farming and they are less likely
to know about the possibility of migrating for jobs and

Sonko E. et al.
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sending remittance to their household. Experiencing soil prob-
lems lowers the probability of knowing about remittance as a
potential strategy to improve food security by 36% as com-
pared to households not suffering from soil problems.
However, equally strong effect (36%), but of the opposite
sign, is associated with the reduced farm size suggesting that
farms that choose to operate less land are more likely to know
about remittance as the strategy addressing food insecurity in
the Lower River Region of The Gambia.

5 Discussion

From among eleven adaptation strategies considered in the
current study, nine are directly related to the adoption of

farming practices that have been found to improve productiv-
ity and, therefore, reduce the risk of food insecurity.
Additionally, the nine strategies also make farming more re-
silient in the face of progressive climate change. Knowledge
of the strategies among the predominantly illiterate, ultra-poor
farmers is a pre-condition of implementation. The implemen-
tation will sustain the communities preserving the social and
personal relationships while strengthening local economies.
Solutions often found in the literature focus on farmers with
substantially larger resources, while the farmers operating in
different socio-economic and agro-ecological conditions tend
to be understudied.

The quantified effects apply to three categories of charac-
teristics, namely the respondent traits, farm features, and prac-
ticed farming methods. The broader number of variables

Table 6 Logit estimation results of temporal migration and remittance from household members migrating for work as the adaptation strategy and
marginal effects and effects

Variable name Temporal migration Remittance from household members migrating for work

Coefficient
Std. error

Z
p > Z

Effect
Std. error

Z
p > Z

Coefficient
Std. error

Z
p > Z

Effect
Std. error

Z
p > Z

lage −1.1227*
(0.6318)

−1.78
(0.08)

−0.2165*
(0.1180)

−1.84
(0.07)

2.2522**
(1.0582)

2.13
(0.03)

0.35**
(0.1511)

2.29
(0.02)

Gender −0.3898
(0.3938)

−0.99
(0.32)

−0.0752
(0.0752)

−1.00
(0.32)

1.7734***
(0.6963)

2.55
(0.01)

0.27***
(0.0960)

2.84
(0.00)

lHhsize 0.3638
(0.2467)

1.47
(0.14)

0.0702
(0.0466)

1.51
(0.13)

−0.2022
(0.3468)

−0.58
(0.56)

−0.03
(0.0530)

−0.59
(0.56)

lincome 0.0993
(0.1875)

0.53
(0.60)

0.0192
(0.0361)

0.53
(0.60)

0.1345
(0.3393)

0.4
(0.69)

0.02
(0.0521)

0.40
(0.692)

Reduced farm size – – – – 2.3313***
(0.6290)

3.71
(0.00)

0.36***
(0.0730

4.91
(0.00)

Education −1.2271*
(0.7125)

−1.72
(0.09)

−0.2367*
(0.1339)

−1.77
(0.08)

1.7940*
(0.9972)

1.8
(0.07)

0.28*
(0.1454)

1.90
(0.06)

HH sec activities −0.5141
(0.3751)

−1.37
(0.17)

−0.0992
(0.0710)

−1.40
(0.16)

0.1852
(0.5879)

0.31
(0.75)

0.03
(0.0903)

0.32
(0.75)

HH main activities – – – – −2.3794
(1.5473)

−1.54
(0.12)

−0.37
(0.2290)

−1.60
(0.11)

Irrigation facilities −1.0999
(0.7636)

−1.44
(0.15)

−0.2121
(0.1441)

−1.47
(0.14)

– – – –

Herbicide −2.2687***
(0.6833)

−3.32
(0.00)

−0.4376***
(0.1180)

−3.71
(0.00)

– – – –

Farm inputs 0.4446
(0.3779)

1.18
(0.24)

0.0857
(0.0720)

1.19
(0.23)

−1.0937*
(0.5776)

−1.89
(0.06)

−0.12**
(0.0838)

−2.01
(0.05)

Recommended planting −0.8909**
(0.4065)

−2.19
(0.03)

−0.1718**
(0.0745)

−2.31
(0.02)

– – – –

Free farm inputs – – – – −1.2968
(0.8178)

−1.59
(0.11)

−0.20*
(0.1205)

−1.66
(0.10)

Soil affected problems – – – – −2.3125***
(0.7689)

−3.01
(0.00)

−0.36***
(0.0994

−3.58
(0.00)

Constant 6.7115**
(3.2776)

2.05
(0.04)

– – −9.6094*
(5.3884)

−1.78
(0.08)

– –

*Significant at 10%

**Significant at 5%

***Significant at 1%
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considers the contextual factors, which earlier studies suggest
as frequently missing in investigations of understanding
smallholder farm adoption of strategies (Andersson and
D’Souza 2014) consistent with those mitigating climate
changes. Among respondent characteristics, being a female
measurably increased the probability of knowing about the
crop diversification, contour farming, and remittance as adap-
tation strategies. Women are more likely to plant a wider va-
riety of crops including vegetables, which if sold also generate
cash. Knowing about remittance as a strategy is likely due to
male household member migration. Women are also more
likely than males to know about the IPM as a strategy, which
is particularly important if they grow cash crops or crops that
are both consumed on farm and sold (e.g., vegetables, ground-
nuts). IPM can be effective in increasing yields and improve
food security. Female respondents are also more likely to be
left on the farm as the male household members chose the
long-term migration in search of jobs and being the recipients
of remittances, they are familiar with that adaptation strategy.
Recently, the long-term migration destined for Europe has
intensified in the rural Gambia.

Although few respondents received any form of formal
education, it proved to be influential in knowing about three
adaptation strategies. Improving the overall level of education
among farmers has been proven to increase agricultural pro-
ductivity in numerous sub-Saharan African countries (Fuglie
and Rada 2013). In the current study, the educated respon-
dents were less likely to know about the early maturing crop
strategy. It is possible that formal education enables farmers to
be more successful in general and a specific strategy is of
lesser importance. Education had the opposite effect on two
strategies not directly related to farming. Remittance as an
adaptation strategy was positively influenced by having edu-
cation, possibly because the educated may have been the first
to permanently migrate or to be able to secure existence re-
main in the village. The opposite effect of education was iden-
tified in the case of knowing about the temporary migration as
an adaptation strategy. The results suggest that education can
have a mixed effect on knowing about strategies that could
improve food security and imply that the educated could leave
in search of non-farm jobs. However, in studies of the actual
strategy adoption in other African countries (Belay et al.
2017), crop diversification, changing planting data, tree plant-
ing, and general strategies conserving soil and water strategies
were positively influenced by farmer education. Overall, it is
difficult to underestimate the positive effect of education on
food security and schooling in The Gambia likely will en-
hance farm household food security.

Income positively influenced respondents’ knowledge of
four adaptation strategies that may be consistent with focused
farming practices that are reflected in ability to raise crops
consistently. Those adaptation strategies include crop rotation,
alley farming, contour farming, and IPM. However, income

negatively influenced the knowledge of the zero-tillage adap-
tation strategy. It appears that better off farmers are not aware
of the latter strategy, which can actually prove helpful in the
face of progressive climate change as the approach to assure
the household food security.

Farm size was of particular importance for increasing the
probability of knowing about crop diversification and crop
rotation as an adaptation strategy. The result is not a surprise
since more land allows both for crop rotation or a greater
variety of crops. The strategies allow harvesting a crop even
in years of unfavourable weather pattern and secure adequate
supply of food to support the household. Since the surveyed
farmers are smallholders, increasing the farm size does not
involve a large expansion, but still requires additional area
that may not be available. Additionally, a larger farm size
could improve food security of farms, which have surplus
labour, and changes in labour availability could cause farm
reduction in the future unless some form of mechanization
occurs. Access and availability of assets was noted as impor-
tant in food insecurity reduction (Connolly-Boutin and Smit
2016).

Among farm, characteristics included an indicator of main
household activities, which was farming for the majority of
farms. Farming as the main activity lowered the probability of
knowing about crop diversification as the strategy to improve
food security under conditions of progressive climate change.
However, the having a secondary activity increased that prob-
ability suggesting that respondents engaged in a wider variety
of activities had a higher probability of knowing about crop
diversification as a suitable strategy.

Smallholders also practice the reduction of the farm size
since in the study area farmers heavily depend on manual
labour to perform all field tasks. Operating on the reduced
area increased the probability of knowing about crop diversi-
fication as a strategy because the reduced area encouraged
planting not only staple grains, but also vegetables to feed
the household members. It also increased the probability of
knowing about long term or permanent migration and receiv-
ing remittance suggesting that as the household labour re-
sources decline, the remittance secures adequate provisions,
while limiting farming. Reduced farm size also lowered the
probability of knowing about IPM as the adaptation strategy
against food insecurity.

Practicing agroforestry increased the probability of know-
ing about four adaptation strategies among the respondents,
i.e., crop diversification, changing the planting date, contour
farming, and zero-tillage. All four strategies require some
skills and training and the suggested positive effect of agro-
forestry is important and suggests that there may be a syner-
gistic effect of farming practices on the knowledge of other
adaptation strategies. Incremental improvements can be ex-
pected from the sustained practicing of those strategies and
progressively strengthen household resilience.
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6 Concluding remarks

Aggregate models and large-scale modeling efforts pro-
vide inadequate insights to tackle the food security and
the effects of climate variability at local level. The cur-
rent study attempts to broaden the understanding of
what subsistence, vulnerable, and devoid of political in-
fluence rural residents know about the available adapta-
tion strategies that have the potential of making farm
households exceedingly resilient.

The literally peripheral location of very poor rural
areas, their relative inaccessibility and their absence
from the aggregate national and international projects
perpetuates their chronic exposure to food insecurity.
Yet, it is the low developmental level that often offers
relatively high returns on targeted assistance. Familiarity
with poor communities is a prerequisite of effective ed-
ucation and support programs aiming at alleviating the
food insecurity risk. This study attempted to identify
factors associated with knowing specific adaptation
strategies that have been found to contribute to food
production. Results provide opportunity to be geograph-
ically selective in emphasizing the adoption of various
strategies. Their adoption is urged also by the effects of
progressive climate change and the evidence of repeated
adverse weather events causing crop failure or substan-
tial decline in yields.

The identified respondent and farm features and farm
practices have measurable effects on the knowledge of
the on-farm and off-farm adaptation strategies. The es-
timated relationships provide insights about plausible
factors rather than strictly causal effects. The poverty
of the surveyed communities limit to some extent the
possibility to collect a rich, diverse data set reflecting
the challenge of studying such communities. However,
in the case of very small and poor countries like The
Gambia this is the only feasible approach. Moreover,
since there is other small and poor countries and periph-
eral poor regions in larger countries, results from this
study help to fill the gap in the literature.

Formal education is a major factor that was found to
contribute to the knowledge of adaptation strategies.
Additionally, assuring schooling opportunities for both
genders suggests spreading the knowledge improving
household food secure situation. The relevance of sec-
ondary to farming household activities has been con-
firmed. Primary staple crop production needs to be sup-
plemented by other activities, but because the house-
holds are resource-poor, programs providing initial boost
for such activities are needed because knowing about
them was linked to other adaptation strategies.

Knowing about several adaptation strategies that have
the potential for improving food security was related to

the soil erosion phenomenon in the Lower River Region
of The Gambia. Alley farming, contour farming, agro-
forestry, and zero-tillage adaptation strategies were
known to the surveyed residents and the factors associ-
ated with that knowledge point to the focus of any
outside programs intended for immediate alteration of
the possibility of being food insecure. When combined
with formal education, such strategies will become
known to younger and older generations strengthening
the knowledge and contributing to the sustained
resilience.

Outmigration remains an adaptation strategy that is
likely to decrease farming in the affected households.
If the migrants successfully secure a job elsewhere and
send remittance to their families, migration is an effec-
tive adaptation strategy. However, the risks involved are
high and the immediate payoff uncertain since the travel
and settling in a new environment can involve a lengthy
period of time. Short-term migration is feasible and also
known to the surveyed residents, but appears less desir-
able as an adaptation strategy in its effectiveness to
sustainably reduce food insecurity.

The major limitation characteristic of studies of small
poor countries of The Gambia is the very inadequate
research staff to conduct a large project. Consequently,
projects must be limited in scope or involve additional
resources, likely from external sources. Still, studying a
single ultra-poor region offers a path to learn about the
existing communities and enable the residents to under-
take meaningful approach to improve household resil-
ience to adverse events posing a threat to food security.
Learning about what the community members already
know recognizes their critical role in the ultimate selec-
tion and implementation of adaptation strategies consis-
tent with the existing preferences leading to sustained
enhancement of household resilience.
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