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We integrate long-term observations of rainfall and repeat, large-scale, nationwide

household surveys of nutrition and socio-economic status to assess the vulnerability of

food security to climate in Senegal. We use amixedmethods approach and a vulnerability

framework to explain how it is that food security is on average lower, and more variable

year-to-year, in the climatologically wetter south and east of the country than in the drier

western center and north. We find that it is sensitivity to climate that explains the spatial

variation in food security, while exposure explains its temporal variation, but only where

sensitivity is high. While households in the western center and north, geographically

closer to the political and economic center of action, are less dependent on livelihoods

based on climate-sensitive activities, notably agriculture, these activities still dominate

in the more remote, landlocked and at times conflict-ridden south and east, where

sensitivity to the vagaries of rainfall persists. As they work to strengthen the resilience

of climate-sensitive activities, food security and climate-risk management projects and

policies should move beyond simplistic, deterministic assumptions about how climate

affects food security outcomes, and invest in livelihood diversification to increase rural

income and reduce vulnerability of food security to climate.

Keywords: food security, livelihood vulnerability, climate, Sahel, Senegal

INTRODUCTION

Climate change is a threat multiplier, especially inmarginal environments such as the Sahel. Natural
scientists who use physical science methods to look at vulnerability mainly as exposure to rainfall
variability might overlook non-climatic factors driven by people’s agency, such as adaptive capacity
shaped by socioeconomic, political and institutional factors (Tschakert, 2007). The extent to which
a system is able or unable to cope with the adverse effects of climate change, including variability
and extremes, has been framed in terms of “vulnerability” since the 3rd Assessment Report of the
Intergovernmental Panel on Climate Change (IPCCTAR;McCarthy et al., 2001). In the synthesis of
traditions about entitlement failures and theories of hazard (Adger, 2006), vulnerability is dissected
into three dimensions: exposure, sensitivity, and adaptive capacity. Exposure is the extent to which
a system faces environmental or social, economic and political stress (i.e., households in areas that
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receive less rainfall being more exposed to drought and reduced
crop yields); sensitivity is the degree to which a system
is affected by that same stress (i.e., impact of rainfall and
temperature variability on type of livelihood activity households
are involved in); and adaptive capacity is the ability of a
system to adjust, to rebound from stress: not only climate
change (McCarthy et al., 2001; Adger, 2006), but also other
environmental and social stresses (Smit and Wandel, 2006).
Exposure, sensitivity and adaptive capacity, which determine
the degree of vulnerability of food security to environmental
change, are shaped by biophysical, socioeconomic, political,
cultural and nutritional endowments characterizing individuals,
households and regions at different spatial and temporal
scales (Downing, 1991; Adger, 2006; Smit and Wandel, 2006).
Examples of these endowments or their lack thereof include
inadequate individual food consumption, poor household access
to nutritious food, regional food shortage, lack of institutional
support for agricultural development, difficult access to markets
and unequal income distribution. The exposure and sensitivity
of certain groups to one or more of the underlying causes
of vulnerability, and their adaptive responses, can increase or
weaken the impacts of climate change on their food security
(Downing, 1991).

Previous studies have demonstrated the need to examine both
climate and non-climatic drivers of vulnerability, by integrating
natural and social science research methods, to better capture
food insecurity patterns (Tschakert, 2007; Piya et al., 2019).
But, in West Africa in general, and Senegal in particular, most
studies that assessed food insecurity and nutritional status mainly
relied on social science methods such as household surveys,
interviews, focus groups, food store and nutritional surveys
and quantitative measurements (anthropometry) to examine
household and community food availability, accessibility and
utilization (Babatunde et al., 2007; Benzekri et al., 2015, 2017,
2021; Akpaki et al., 2020). Studies in East and West Africa have
found a link between household income and food insecurity
(Babatunde et al., 2007; Gebrehiwot and van der Veen, 2014;
Masa et al., 2017). In her study conducted in the administrative
departments of Thiès and Bambey in the central and center-
west regions of Senegal, Tschakert (2007) found that disease
which affects labor quality and quantity, lack of money due to
insufficient income generating activities options in rural areas,
and poor village infrastructure were perceived by vulnerable
rural people as the most severe issues. In a comparative study
between HIV-infected people living in Dakar, in west-central
Senegal, which is the wealthiest region from economic and
infrastructural standpoints, and where non-agricultural activities
are themain source of income, and Ziguinchor, in the Casamance
region in the south, endowed with natural resources, and where
agriculture is the main source of income, Benzekri et al. (2017)
confirmed economic access (rather than food availability), as
measured by income and food expenditure, as the strongest
predictor of severe food insecurity. While some of the physical
science studies integrate rainfall data with crop production
data to examine food insecurity (Armah et al., 2011), others
incorporated rainfall recall questions in household surveys
rather than using direct, quantitative climatological observations

(Zakari et aL., 2014). We seek to fill this gap by integrating
household surveys with rainfall maps at three different points
in time across different livelihood and climatic zones to
provide a more comprehensive understanding of food insecurity
which is determined by a diversity of socioeconomic and
physical factors.

Using the case of Senegal, we aim to show how the
different economic activities of households contribute in
shaping their sensitivity and explain the spatial pattern of
food security in the country, beyond exposure to climate
variability. Senegal counts more than 15 million inhabitants,
with 23% living in the region of Dakar, the capital city,
which covers only 0.3% of the country’s territory of
193.000 km2 (Agence Nationale de la Statistique et de la
Démographie, 2020). About 60% of the population is involved
in agriculture, but the contribution of the services, industry
and tourism sectors to GDP has been steadily increasing.
In this study, we seek to answer the following question:
why is food insecurity greater in the southern and eastern
regions of Senegal, which are endowed with a wetter and less
variable climate?

Senegal is a largely semi-arid country facing the Atlantic
Ocean at the westernmost edge of the Sahel. Climate is defined
by the onset and demise of a single rainy season, associated with
the migration of the northern hemisphere summer monsoon,
which sweeps the country from south to north in early summer
and retreats in late summer, all within a span of 4 months.
The rains start earlier and are relatively more abundant in
the south. The length of the season and its total accumulation
decrease toward the semi-arid north (Figure 1A). In addition,
rainfall is more variable in the north than in the south
(Figure 1B). Climate change is expected to have a negative
impact on the production of staple crops such as sorghum,
millet, and maize (Schlenker and Lobell, 2010; Knox et al.,
2012; Sultan et al., 2013, 2014) and on livestock production
(Baumgard et al., 2012; Rust and Rust, 2013; Rojas-Downing
et al., 2017).

A physical climate perspective that assumes that agricultural
practices are well-adapted to local climate, and that food
security is largely dependent on local agricultural production,
would predict greater food security in the wetter south and
east than in the more arid and variable west and north.
However, the opposite, to be described in greater detail in
section Food Security and Climate, is known to hold (World
Food Programme/Vulnerability Analysis and Mapping, 2011;
Agence Nationale de l’Aviation Civile et de la Météorologie
et al., 2012). In addition, studies predict that temperature
increase (warming exceeding 2◦C) will have a more significant
negative impact on yields in southern Senegal, which is more
humid, compared to northern Senegal, which is drier and
where crop yields are more sensitive to rainfall variability
(Sultan et al., 2013). The apparent disconnect between climatic
impact on agricultural production and food security is the
motivation of this study, and the reason that we adopt a
vulnerability framework (Bohle et al., 1994; Downing et al.,
1996; Adger, 2006; Ribot, 2010). If exposure to climate, that is,
the biophysical processes by which climate impacts agricultural
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FIGURE 1 | Climatology, or average, and variability, measured by the coefficient of variation, of precipitation and food security status. Precipitation is from CHIRPS,

and is taken over the core rainy season months of July to September. Average (A) and coefficient of variation (B) are computed over 2000–2019. Food security status

is measured by the weighted average of membership into the 5 clusters originally defined in IN2020, defined in Equation (1). Average (C) and coefficient of variation

(D) are computed over the 3 years surveyed–2013, 2014, and 2016—by necessity.

production, does not explain the spatial pattern of food security
in Senegal, does sensitivity of livelihoods to climate, that
is, differentiation among the economic activities that sustain
households, do?

There are marked dissimilarities among households in
their sensitivity and adaptive capacity because of different
poverty levels and access to resources (Thornton et al., 2006).
Entitlement theory (Sen, 1981) highlights social differentiation
due to structural institutional inequalities (class, social status,
gender) as the drivers of vulnerability and unequal access to
income and food. Socio-economic disparities among households
lead to differentiated access to food. Income diversification is
associated with higher income and higher food consumption
(Reardon et al., 1992). Most rural households in Senegal rely
on a minimum of two activities as a source of income while
most urban households depend mostly on one (43%) or two

(40%) livelihood activities (Agence Nationale de l’Aviation
Civile et de la Météorologie et al., 2012). Generally, poorer
households, where the head has low educational level and are
located in remote areas, have fewer opportunities to engage
in non-farm activities and diversify their income (Abdulai
and Crole-Rees, 2001). Barrett et al. (2001) define “push”
factors as strong incentives for diversification based on risk
reduction (e.g., frequent droughts) and “pull” factors as market
incentives. In southern Senegal, diversifying income away from
agriculture has been a strategy for internally displaced people
who are facing extreme poverty and the longstanding Casamance
conflict that prevent them from accessing land in destination
areas (Evans, 2005, 2007). In contrast, across western and
central Senegal diversification occurred in response to the
droughts of the 1970s and 1980s (Tacoli, 2011; Hathie and Ba,
2015).
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In Ilboudo Nébié et al. (2021; hereafter IN2021), we analyzed
data collected by the UNWorld Food Programme (WFP) and its
in-country partners in three large-scale surveys conducted over
the past decade. These surveys sample the nutritional and socio-
economic status of thousands of households at a time, as well
as their exposure to shocks. We defined food security based on
cluster analysis applied to three variables:

- Food Consumption Score (FCS) is a combined measure
of food frequency and diet diversity over 7 days. It is
computed as the weighted sum of food (group) frequency in
household consumption

- Food Expenditure Share (FES) is the relative importance
of cash expenditure on food compared to total household
expenditure. It is computed as the ratio of food expenses to
total household expenses over the past 30 days ∗100

- Reduced Coping Strategies Index (RCSI) is a measure of all
coping strategies enacted by the household. It is computed
as the weighted sum of frequencies of individual coping
strategy scores.

The cluster analysis in IN2021 identified 5 classes or categories
that span variation in food consumption and access. The least
food secure cluster is characterized by a barely acceptable food
consumption score, high expenditure on food and frequent
recourse to coping strategies. The most food secure cluster is
characterized by relatively high food consumption score, low
expenditure on food and minimal recourse to coping strategies.
The most prevalent middle cluster, representative of the “average
rural household,” is characterized by a food consumption score
similar to that of the two less food secure clusters, but minimal
recourse to coping strategies similar to the two more food
secure clusters.

When we mapped cluster membership of rural households
(bottom row of Figure 2 in IN2021), we found that the two more
food secure clusters, those with relatively high food consumption
score, are more prevalent in the more arid and variable climate
of the western center and north, that is, not in regions with
potential for agricultural production. Conversely, we found that
the two less food secure clusters, those that make frequent
recourse to coping strategies, are more prevalent in the more
humid climate of the south and east. In this study, we endeavor
to explain this puzzle with an analysis that exploits household
surveys to link climate to patterns of food production and
consumption, and dissects the exposure and sensitivity to climate
of livelihoods.

MATERIALS AND METHODS

Materials
We analyze data from the same household surveys used in
IN2021. The surveys are of the Comprehensive Food Security
Vulnerability Analyses (CFSVA) type, and were collected by
WFP’s Vulnerability and Analysis Mapping (VAM) unit and
its government and non-governmental partners (ENSAN, 2013;
ERASAN, 2014; ENSAS, 2016). Data was collected in June 2013,
October 2014 and January 2016, allowing the simultaneous
sampling of food security across seasons and years. A total of

8,504 households, 5,530 rural, were surveyed in June 2013, which
corresponds to the beginning of the rains and sowing, a time
when granaries are empty. A total of 5,270 households, all rural,
were surveyed in October 2014, which corresponds to the start of
harvest in a remarkable drought year. A total of 6,582 households,
4,109 rural, were surveyed in January 2016, which corresponds
to the end of the harvest, a time when food is widely available.
The same households were not surveyed across all 3 years, but
the sampling was designed to be able to evaluate differences at
the level of departments, that is, second-level administrative units
below the national level in Senegal.

In this study we focus our attention on the survey
sections that detail the sources of the food consumed by
households, and the sources of household revenue. Possible
sources of food consumption include own production, cash
purchase, purchase on credit, barter, aid from family or
friends, etc. We broadly distinguish economic activities into
climate-sensitive or not climate-sensitive. Examples of climate-
sensitive activities include farming, livestock-raising, fishing, and
hunting/gathering. Non-climate-sensitive activities include self-
employed and salaried activities, whether formal or informal,
and remittances.

We also analyze climate data, namely precipitation, from
the Climate Hazards Center at the University of California,
Santa Barbara (Funk et al., 2015). The data, known as Climate
Hazards group InfraRed Precipitation with Stations (CHIRPS),
is produced by merging in-situ and satellite observations, at
time scales from daily to monthly, and at a 0.05◦ resolution in
latitude and longitude. For consistency with IN2021, we compute
anomalies with respect to the 2000–2019 period.

Methods
As in IN2021, we compute statistics on data from the WFP
household surveys in two ways. In the first approach, to assess
differences between food security clusters (groups of households
sharing similar features), regardless of their geographical
location, we stratify household-level values of a given variable
based on cluster membership (the group each household belongs
to), and then count, average or sum separately across clusters.
This is done, for example, in Figures 5, 7. For example, to obtain
Figure 5 we calculate the percent of households that derive their
consumption of other cereals from each source. Each source
of food consumed is coded by a discrete value. To get the all-
household percentage, we count the occurrences of each value
and divide by the total number of respondent households. We
repeat the same percentage calculation for the households in each
cluster. To obtain the percent variation in Figure 5, we subtract
the all-household percentage from the cluster percentage. In the
second approach, we stratify based on geography, counting or
aggregating household values to the department level. This is
done, for example, in Figures 1, 8. For example, in Figure 8, we
compute the number of households whose first source of income
is a given economic activity, coded by a unique value in the
survey, with respect to the total number of households surveyed
in each department. Precipitation data is also aggregated at
the department level, in Figures 1–3. This approach facilitates
not only a qualitative, but also the quantitative comparison of
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FIGURE 2 | Food security and precipitation across the 3 years surveyed–2013 (A,D,G), 2014 (B,E,H) and 2016 (C,F,I). (A–C) depict the weighted average of cluster

membership as computed in Equation (1), for each survey: low values, in orange hues, denote lower food security, or a greater prevalence of households in relatively

low food security clusters; high values, in blue hues, denote higher food security. (D–F) depict anomalies in the weighted average of cluster membership. These are

calculated by removing the average of the three maps in the left column (which is depicted in Figure 1C) from each map in the left column. In other words, (D) is

obtained by subtracting Figure 1C from (A), (E) by subtracting Figure 1C from (B), and (F) by subtracting Figure 1C from (C). (G–I) depict anomalies in precipitation

with respect to the 2000–19 average, meaning that the climatology of precipitation depicted in Figure 1A is subtracted from total accumulated precipitation in each

year.

patterns of food security and climate, through the calculation of
spatial correlations.

RESULTS

Food Security and Climate
In order to compare spatial patterns of food security and
climate, specifically, rainfall and its derivatives (Figures 1–3), we
synthesize the distribution of households across the food security

clusters defined in IN2021 into a single measure, a weighted
average of cluster membership. Ordering clusters from 1 to 5,
from least to most food secure, the weighted average (WA) of
their prevalence is computed as follows:

WA = 6
5
j=1j ∗ hh(j) (1)

where hh(j) is the percent of households belonging to cluster j,
with j= 1, . . . 5. If all households belonged to the least food secure
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FIGURE 3 | Precipitation anomalies for the rainy seasons immediately preceding the 3 surveys, that is, 2012, 2014, and 2016. Anomalies are computed by

subtracting the 20-year average (2000–19) from values in each individual year. The anomalies depicted are in (A–C) total seasonal precipitation (in units of standard

deviation), (D–F) number of rainy days (in number of days), (G–I) mean intensity of daily rainfall (in mm/day), and (J–L) onset date (in days, where negative/blue

anomalies represent an early onset, and positive/orange anomalies a late onset).

TABLE 1 | Average and standard deviation of the weighted cluster membership

defined in Equation (1), calculated over the 45 departments that compose

Senegal.

Mean Standard deviation

2013 3.35 0.57

2014 2.95 0.71

2016 3.33 0.37

cluster, this weighted average would equal 1. If they all belonged
to the most food secure cluster, it would equal 5. If households
spread evenly across clusters, it would equal 3. To map this
quantity, we compute the weighted average by department.
The maps corresponding to the single surveys are displayed in
Figures 2A–C. Their climatology, obtained by averaging over the
three single survey maps in Figure 2, is displayed in Figure 1C.

In Figure 1, we compare maps of average, or climatology,
and coefficient of variation in rainfall (Figures 1A,B) and in
weighted cluster membership (Figures 1C,D). Rainfall is lower

(Figure 1A) and more variable (Figure 1B) in the north, in the
orange hues. It is higher and relatively more stable in the south, in
the blue hues. In contrast, average weighted cluster membership
(Figure 1C) is higher in western central and northern regions and
along the Senegal River at the border with Mali and Mauritania,
where department values > 3 are shaded in light to dark blue
hues. It is lower in southern and eastern regions, including in
the Casamance region, and across the departments of Matam,
Tambacounda and Kédougou regions, where department values
< 3 are shaded in orange to red hues. The correlation between
the climatology panels in Figures 1A,C, then, is negative (r =

−0.58) and significant at a level > 1%, given that there are 45
departments. It reflects the question underlying and motivating
this study: why the greater food insecurity in the south and east,
which are endowed with a wetter and less variable climate?

In Figure 2, we compare maps of weighted cluster
membership (Figures 2A–C) with maps of standardized
rainfall anomaly (Figures 2G–I). As an intermediate step, we
plot anomalies in weighted cluster membership (Figures 2D–F),
obtained by subtracting from each map in the left column their
climatology, or average (that is, the map depicted in Figure 1C).
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FIGURE 4 | The primary means by which food is accessed, for 4 main food items. Each row refers to a survey, 2013–2016 from top to bottom, and each column to

the 4 food items considered, which are (A–C) rice, (D–F) other cereals (maize, millet, and sorghum), (G–I) animal protein (meat and poultry) and (J–L) dairy products,

respectively. The 4 sources of food considered—own production in green, cash purchase in blue, credit purchase in orange, and aid from family and friends in

red—are the most common ones.

Rainfall totals are those accumulated over July–September,
the core of the rainy season. The rainfall anomalies displayed
in Figures 2G–I are computed with respect to the average over
2000–2019, that is, this 20-year average is subtracted from the full
fields for each separate year. The years of reference correspond
to the rainy season immediately preceding survey collection:
2012 for the January 2013 survey, 2014 for the October 2014
survey, and 2015 for the June 2016 survey. Averaging anomalies
in seasonal rainfall totals over a rectangular longitude-latitude
domain encompassing Senegal, 2014 is the driest year in this 20-
year period, while 2015 and 2012 are the second and third wettest
years, respectively (see Figure 1 in IN2021). Maps of department
anomalies in number of rainy days, mean daily intensity and
onset date for these 3 years are depicted in Figure 3. The year
2014 was a year of heightened food insecurity illustrated by
a globally deficient rainy season in Senegal. This is confirmed
qualitatively in the prevalence of orange hues in Figures 2B,E,H,
3B,E,H,K, and quantitatively in the overall lower value, lower
than 3, in weighted cluster membership averaged over all
departments, reported in Table 1. The rainfall deficit is explained
by deficits in the number of rainy days in the south and east
(Figure 3E), and in mean daily intensity, as well as a late onset,

in the western center and north (Figures 3H,K). The years
2013 and 2016 are overall more food secure, with comparable
values of about 3.3 in the weighted cluster membership averaged
over all departments (Table 1). They display complementary
spatial patterns in rainfall, in the sense that blue hues prevail
in the north in the former (Figure 3A), and in the south in the
latter (Figure 3C). In Figure 3, the spatial patterns of seasonal
accumulation (Figures 3A–C) are closer to those of mean daily
intensity (Figures 3G–I) than to those of number of rainy
days (Figures 3D–F). While there is a qualitative resemblance
between anomalies in weighted cluster membership and in
rainfall, that is, Figures 3D,G; E,H; F,I, respectively, in Figure 2,
the correlation of spatial patterns is statistically significant in
2013 (r = 0.41, between Figures 2D,G) and in 2014 (r = 0.40,
between Figures 2E,H), but not in 2016 (r = 0.03, between
Figures 2F,I).

Year-to-year variation in weighted cluster membership,
measured by the coefficient of variation depicted in Figure 1D,
is low in western central and northern departments compared
to southern and eastern departments. Comparing the patterns
of food security and rainfall anomaly in Figure 2, one notices
complementary patterns between 2013 and 2016. In 2013, a

Frontiers in Climate | www.frontiersin.org 7 November 2021 | Volume 3 | Article 731036

https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles


Giannini et al. Food Security Vulnerability to Climate in Senegal

FIGURE 5 | Anomalies, with respect to the all-rural household average in Figure 4 (“other cereals,” that is, D–F), in the primary source of other cereals consumed, by

cluster. Each row is a survey, 2013–2016 from top to bottom (A,D,G,J,M; B,E,H,K,N; C,F,I,L,O). Each column is a cluster, least (A–C) to most food secure (M–O)

from left to right. “Anomaly” here means the difference between values differentiated by cluster and the “all households” values depicted in Figure 4.

rainfall pattern characterized by abundant rains in the north
and slightly deficient rains in the south (Figure 2G) accentuates
the climatological difference in food security between the two
halves of the country, increasing the food insecurity in the
south (Figures 2A,D). This behavior explains the larger inter-
departmental variation in weighted cluster membership reported
in Table 1. In 2016, the complementary rainfall pattern, with
abundant rains in the south and east (Figure 2I), mitigates the
climatological difference in food security (Figures 2C,F), and
explains the reduced inter-departmental variation in weighted
cluster membership reported in Table 1. Inter-departmental
variation in weighted cluster membership is largest in 2014, the
global drought year, consistent with the very low values recorded
in the south and east (Figures 2B,E).

In sum, food security in the western departments of the
center and north is relatively high and more stable compared
to the south and east, where food security is lower and
more variable. If exposure to climate were the explanation,
we would expect a positive correlation between rainfall and
weighted cluster membership, whether in the climatology or
in a given year, expressing the association between a more
arid and variable climate in the north and worse food security
outcome, and conversely, between a more humid and stable
climate in the south and better food security outcome. Instead,
when rainfall variation projects positively onto the pattern of
spatial variation in food security—meaning when rainfall is
more abundant in more food secure regions, as is the case
in 2013, or less abundant in less food secure regions, as is

the case in 2014—it exacerbates differences in food security,
and results in significant spatial correlation between the two.
When it projects negatively onto it, as in 2016, it mitigates
differences. Correlation in this case is insignificant. We conclude
that exposure to climate may modulate variation, but does not
explain the climatological spatial variation in food security. To
understand spatial variation in vulnerability to climate and in
food security, we therefore turn to the analysis of patterns in
the sources of food consumption (section Food Security and
Sources of Consumption) and of income (section Food Security
and Livelihoods).

Food Security and Sources of
Consumption
As an intermediate step in linking food security and livelihoods
we analyze the sources of the food consumed by rural Senegalese
households. The 4 most cited sources are, from most to least
relied upon: cash purchase, own production, credit purchase,
and aid from family or friends. Other possible sources included
in the coded answers in the surveys are: fishing, hunting and
gathering, barter, food for work, and food aid from government,
intergovernmental or non-governmental organizations.

In Figure 4, the 4 most cited sources of consumption
are compared across the 3 surveys (in the rows) and 4
food items (in the columns)—rice (Figures 4A–C), other
cereals (i.e., millet, sorghum, maize; Figures 4D–F), meat and
poultry (Figures 4G–I), and dairy products (i.e., milk, yogurt;
Figures 4J–L). We choose these food items—from a long list
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FIGURE 6 | Dominant source of income, or economic activity that the household engages in. Panels on the left (A–C) depict the percent of households engaged in

climate-sensitive activities, panels on the right (D–F), those engaged in non-climate sensitive activities Each row is a survey: (A,D) correspond to 2013, (B,E) to 2014,

and (C,F) to 2016. The leftmost bar in each panel (dark red in A–C, dark blue in D–F) is the sum of all the other bars in the same panel.

that includes, among others, wheat-based cereals, fruits (orange
and other), vegetables (green and other), beans and nuts,
eggs, seafood, fats, sugars, and spices—because they are staples,
providing basic calories and/or because they are potentially
produced by the households themselves, because related to
common livelihood activities: farming and livestock-raising.
Nonetheless, it is clear that cash purchase, the blue bars in
Figure 4, is the dominant means of access across the 4 food
items considered. Significant deviations across the board–3
surveys and all rural households—are: (i) the larger reliance
on credit purchase and aid from family and friends as the
main source of food consumed in 2014 (Figures 4B,E,H,K),
and (ii) the larger reliance on own production (green bars)
in the case of other cereals (Figures 4D–F). Coping strategies
such as credit purchase and food aid are put in place in
times of drought and their use illustrates the severity of
food insecurity.

Own production in the case of crops—rice and other cereals—
follows expectation from seasonality: a larger proportion of
households consumes from their own production after the

harvest, in the survey taken in January (2016; Figures 4C,F),
than during the lean season, in the survey taken in June
(2013; Figures 4A,D). Proportions are intermediate in October
(2014; Figures 4B,E), at the beginning of the harvest. The
consumption pattern of food items of animal origin also varies
with season. Dairy products from own production are mostly
consumed during the rainy season (Figure 4J). The rainy season
is underway starting in June, when pasture is more abundant
for livestock, compared to October (Figure 4K) and January
(Figure 4L). This behavior represents the consumption pattern
of pastoralist and agro-pastoralist households who were included
in the surveys. Dairy products are purchased by non-pastoralists
(i.e., agriculturalists, self-employed) who make up the largest
percentage of households surveyed. To differentiate patterns of
sources of consumption across food security clusters, we compute
each cluster’s deviation from the picture in Figure 4, which was
obtained considering all rural households. In Figure 5, we plot
differences with respect to the all-rural-household proportions
depicted in Figure 4, in the case of other cereals. Positive
values indicate that larger proportions of households in a given
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FIGURE 7 | (A) The distribution of rural households into the 5 clusters defined in IN2020, red to blue from least to most food secure, across the three surveys,

2013–2016 from top to bottom. The middle cluster, in orange, is the most common. (B–E) depict variations in cluster membership with respect to the all-household

distribution, in (A), as a function of primary source of income: (B) is for agriculture, (C) is for livestock raising, (D) is for non climate-sensitive activities and (E) is for

remittances.

food security cluster derive food from the specified source
compared to the all-household mean. Negative values indicate
smaller proportions.

We pick the “other cereals” food item, because it is the
only one where cash purchase is rivaled by another source
category, notably, own production. In addition, production of

other cereals—millet, sorghum andmaize—is widespread among

Senegalese farmers, albeit with regional variation. Figure 4

reveals that households rely heavily on purchasing food to fulfill

their nutritional needs. It shows that right after harvest, in

the January 2016 survey, about 60% of households consume

other cereals from their own production, and about 40%
purchase them. During the lean season, in the June 2013 survey,
these percentages are reversed, with about 40% of households
consuming from own production and about 60% purchasing
other cereals. In Figure 5, if we start from the average food
security cluster (Figures 5G–I), we note that greater reliance on
own production over purchase, represented in the positive green
values and negative blue values, is a constant across surveys,
lending credit to the interpretation that this cluster represents
the average rural household, engaged in farming. Reliance on
own production is accentuated in the less food secure clusters,
especially in the least food secure (Figures 5A–C), but only in
the surveys taken close to harvest [October 2014 (Figure 5B)
and January 2016 (Figure 5C) surveys]. Consistent with their
food insecure status, the clusters in columns Figures 5A–F

actually rely on their own production less than the global average

of rural households in the lean season survey. In June 2013,
reliance on own production is reduced in Figures 5A,D. The least
food secure cluster makes up for this reduced reliance on own
production by purchasing on credit (orange bar in Figure 5A),
while the second least food secure cluster purchases with cash
in greater proportions (blue bar in Figure 5D). The opposite
behavior, that is, greater reliance on purchasing other cereals for
consumption, in the blue bars, is the hallmark of the more food
secure clusters, in Figures 5J–O. The “more food secure” cluster,
in Figures 5J–L, is the mirror image of the “less food secure”
cluster, in Figures 5D–F. Overall, fewer of the more food secure
households consume from their own production than purchase,
except in the lean season (Figure 5J). Then, just like fewer of the
less food secure households rely on their own production, more
of the more food secure households actually do.

In sum, the three less food secure clusters consume other
cereals from their own production in greater proportions, while
the two more food secure clusters purchase the other cereals
that they consume. To verify whether indeed the less food
secure clusters engage in climate-sensitive activities in greater
proportions, as hinted by the patterns of access to the food
consumed, we finally turn to livelihoods.

Food Security and Livelihoods
So far, we have shown that the less food secure households are
in the south and east, and that their food security status is more
variable in response to climatic impact (section Food Security
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FIGURE 8 | Spatial distribution of the dominant source of income at household level, across departments, averaged over the three surveys taken in 2013, 2014, and

2016. The top row depicts the percent of households by department whose primary source of income is climate sensitive [(A) is the sum of agriculture, livestock

raising, fishing, and hunting and gathering, (B) is agriculture only, and (C) is livestock raising only]. The bottom row depicts the percent of households by department

whose primary source of income is not climate-sensitive [(D) is the sum of salaried and self-employed activities and remittances, (E) is salaried and self-employed

activities, and (F) is remittances only].

and Climate). Since agricultural livelihoods would be more
exposed to climate in the more arid and variable western central
and northern Senegal, we suspect differentiation in livelihood
strategies between the two halves of the country. We have also
shown that the less food secure households consume more other
cereals, meaning sorghum, millet and maize, from their own
production, except during the lean season (section Food Security
and Sources of Consumption). These other cereals are staples
produced locally, and therefore are more readily available in rural
households, and cheaper to access than rice, which is mainly
imported and has to be purchased. Hence, the differentiated
nature of their consumption across food security clusters also
points to agriculture as a liability in food security. These elements
raise the following questions: can economic activity, or more
generally livelihoods, discriminate among the less and more food
secure? Can differences in livelihoods account for the climatological
and geographical pattern of food security?

To investigate the relation of livelihood strategies and food
security, we use the section in the surveys that queries households
about sources of income. Surveys ask to list up to three sources
of income in order of importance. Among possible responses,
those common to all three surveys analyzed include: agriculture,

including gardening, livestock-raising and fishing, including the
sale of derived products, various salaried and self-employed
activities, such as formal and informal service (e.g., food and
transport services, craftsmanship and specialized work), and
aid and remittances. We divide the primary source of revenue
into two large categories: climate-sensitive and not, displayed in
Figure 6, because the specificity of possible coded answers varies
among surveys, with some providingmore nuanced answers than
others. As is to be expected, since our analysis focuses on rural
households, agriculture is the dominant first source of income.
This is the case for 61, 75, and 51% of households analyzed in
the three surveys, respectively, represented in the magenta bars
in Figures 6A–C. In addition to agriculture, climate-sensitive
primary sources of income include livestock-raising, fishing,
and hunting and gathering. Non-climate sensitive activities, in
Figures 6D–F, include salaried and self-employed activities. We
include remittances, the green bar in the plots in Figures 6D–F,
among non-climate sensitive activities. Remittances are the
primary source of income for 5, 3, and 6% of households,
respectively, in the three surveys.

Next, in Figure 7, we stratify food security status, based
on cluster membership, by first source of income. Figure 7A
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summarizes the distribution of all rural households across the
food security clusters defined in IN2021. Colors, from red to
blue, are the same as those used in Figure 3 of IN2021. The less
food secure clusters, in red and yellow, recur to coping strategies,
such as reducing quality and quantity of meals, redistributing
nutrition to the more vulnerable in the household, or consuming
less favored foods. The average cluster, in orange, maintains an
acceptable food consumption score with minimal recourse to
coping strategies, but expending a large portion of income on
food. The more food secure clusters, in green and blue, largely
exceed an acceptable food consumption score, whether spending
a large portion of income on food or not.

Since agriculture is the first source of income for a large
majority of households (Figure 6), households deriving their
income primarily from agriculture have a dominant influence
on the all-rural household distribution into food security
clusters (Figure 7A). Therefore, the deviations of agriculture
households from the mean, all-rural households’ distribution, in
Figure 7B, are small. Nonetheless, membership of households
engaged in agriculture in the average cluster, in the orange
bars, is consistently larger than average across surveys, while
membership in the most food secure cluster, in the blue bars, is
smaller than average. Livestock-raising households, in Figure 7C,
are consistently more prevalent than average in the second-most
food secure cluster, in the green bars. This is the cluster that
achieves relatively high food consumption scores by spending
a lot on food, a hallmark of pastoralist livelihoods. Households
engaged in all non-climate sensitive activities, in Figure 7D, are
consistently under-represented in the less food secure red, yellow
and orange clusters. They are over-represented in the blue cluster,
the most food secure. Finally, households whose primary source
of income is remittances, in Figure 7E, are over-represented in
the two most food secure clusters, in green and blue.

The picture that emerges is one that associates agriculture-
dependent livelihoods with food insecurity. Does the practice of
agriculture explain the spatial distribution of food insecurity?
In Figure 8, we plot maps of the average percent of households
engaging in a given economic activity, whether climate-
sensitive or not, by department. Farmer households (Figure 8B)
clearly dominate the southern half of the country, including
the peanut basin and the less food secure south and east.
Conversely, households engaged in non-climate sensitive
activities (Figure 8D) are more prevalent in western central
departments closest to Dakar, and along the Senegal river
valley. Indeed, it is this pattern in Figure 8D that best correlates
with the climatological pattern of food security depicted in
Figure 1C (r = 0.46). This leads us to conclude that it is not
exposure to a more arid and variable climate, but sensitivity of
livelihoods to climate that best explains the pattern of Senegalese
food insecurity.

CONCLUSION

Senegal is a Sahelian country affected by climate variability
and change, as illustrated by the drought occurrence in the
1970s and 1980s which caused extreme episodic food insecurity.

Future projections, unlike in the rest of the Sahel, anticipate the
possibility of further drying (Biasutti, 2013, 2019) in this country,
where the livelihood of the majority of the population is still
agriculture-based, despite globalization, rapid urbanization, and
the concentration of economic and political power in and around
the capital city of Dakar. Drought and the structural adjustment
programs of the 1980s (Hathie and Ba, 2015), together with
the currency devaluation of the 1990s, have contributed to
triggering long-term change in the economy and society. Fast
forward 40 years, and a consequence of these trends is that the
picture of food insecurity is more nuanced than a climate-centric
expectation would predict, that is, one based on the assumption
that rainfed agriculture is the ubiquitous, dominant livelihood
strategy outside of urban areas.

The picture that emerges from repeated household surveys
conducted by the UN World Food Programme and its
government and non-governmental partners over the course of
the past decade reveals entrenched food insecurity in the wetter
south and east of the country, and relatively high and more stable
food security in the drier western center and north. Since climatic
impact alone cannot explain this spatial pattern, in this study
we endeavored to interpret the vulnerability of food security to
climate by dissecting its exposure and sensitivity dimensions. We
did so by comparing and contrasting variations in climate and
in food security with sources of food consumption and revenue.
We conclude that southern and eastern regions are less food
secure because of their reliance on climate-sensitive economic
activities, mainly agriculture, rather than their exposure to
more extreme climatic variation. And that conversely, western
central and northern regions, despite being exposed to a harsher,
more variable climate, are more food secure, because they
have diversified away from agriculture, thanks to their closer
proximity to urban centers, notably the capital, Dakar, which
facilitated access to other economic activities.

This state of affairs suggests that food security and climate-
risk management projects and policies aiming to improve
food security should move beyond simplistic assumptions that
exposure to climate determines food security status (i.e., that
wetter regions can produce more food and are automatically
more food secure than drier regions), into examining the
complexity of socioeconomic and political factors, such as
income and conflict, that shape differently the sensitivity of each
livelihood activity to climate variability.

Finally, by showcasing the in-depth understanding, and
powerful conclusions and recommendations that can be reached
when integrating existing social science research on vulnerability
of food security with large-scale household surveys on food
consumption, income and livelihoods, and with a process-based
understanding of rainfall data, this study endeavors to provide a
template for the use of mixed methods in the close collaboration
between social and physical climate scientists to promote a
comprehensive understanding of the complex links between
vulnerability, climate and food security.

Nonetheless, it is important to note that engagement in
agriculture is not the only parameter that could predict or
explain the vulnerability of food security to climate. Existing
programs, evolving government policies and interventions at
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specific times and locations determine the extent of vulnerability
and adaptive capacity. A major limitation of this study is
the fact that we were only able to get the snapshot of a
specific period in rural communities where households rely
mainly on agriculture for their livelihoods. In addition, although
WFP’s VAM data is evidence-based, our team was not able to
conduct any fieldwork to validate our results. Future studies on
vulnerability issues, including explicit consideration of adaptive
capacity, could run evidence-based analyses to evaluate the
impact of diverse programs, policies and development and
humanitarian interventions on food insecurity at different spatial
and temporal scales, in both rural and urban settings, in order
to provide a more complete picture of the situation and better
impact policy.
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