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INTRODUCTION

Malnutrition, in all its forms—including obesity, undernutrition (stunting, wasting, underweight), and dietary
risks for non-communicable diseases (NCDs)—is the leading cause of poor health globally (Swinburn et al.,
2019). Climate variability and change stand to exacerbate malnutrition through effects on both the natural
and social systems upon which humans depend, including food systems. In areas most highly affected by
such changes but with the least adaptive capacity, such as West Africa, the deleterious effects of these
changes are most likely to be felt, especially by the most vulnerable (Barros et al., 2014; Ouedraogo et al.,
2018; Serdeczny et al., 2017).

Situated in the Sahel, Senegal is one of the many countries in Africa whose population derives its livelihoods
mainly through rain-fed agriculture and on-farm activities (Alfani et al., 2019). As such, the nearly 70% of
its population that depends upon the land through agricultural and livestock production are particularly
vulnerable to the changes in precipitation and temperature brought about by climatic variability and change
(Carranza et al., 2019; Ouedraogo et al., 2018; USAID, 2017). Moreover, West Africa has one of the highest
burdens of malnutrition in the world, and the outlook on the health of its under-five population, which
already suffers from a wasting prevalence of 9% and stunting of 16.5%, is likely to get worse under
conditions of climate variability and change (Dunn & Johnson, 2018; Global Nutrition Report, 2019;
Lazzaroni & Wagner, 2010).

In light of these changes, it is important to document and, where possible, quantify the risks that endanger
the nutrition of the Senegalese people, their households, and communities, such that appropriate
interventions, tools, and policies to prevent and mitigate these effects can be developed. Towards this end,
this literature review examines the current documented evidence, from both peer-reviewed and grey
literature, of climate impacts on nutrition in Senegal. The information and analysis incorporated here is
intended to guide the development of climate services for the nutrition community and its related sectors
in Senegal through the Adapting Agriculture to Climate Today, for Tomorrow Columbia World Project
(ACToday).

OVERVIEW OF CONCEPTUAL FRAMEWORKS FOR ANALYSIS

This literature review follows the framework of Herforth and Harris outlining the three conceptual pathways
between agriculture and nutrition—production, income, and women’s empowerment (Herforth & Harris,
2014). Given the absence of a commonly used or standard framework for analyzing climate impacts on
nutrition, this framework is adapted from the widely used UNICEF conceptual framework on malnutrition
to examine linkages among climate, food systems, diets, and nutrition. The components of this framework
are visualized in Figure 1 and intended to facilitate the identification of climate service solutions to improve
diets and health, and ultimately reduce the burden of malnutrition. This review is therefore organized and
structured according to these three conceptual pathways, walking through each of them and their
components in the pages that follow.
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Figure 1: How climate affects agriculture and nutrition pathways (Source: Adapted from Herforth & Harris,
2014)

CLIMATE IMPACTS ON THE PRODUCTION PATHWAY

The production pathway is one of the three main pathways through which agricultural production influences
nutrition outcomes. This pathway incorporates food production and the way food moves along the value
chain. In this section, we will investigate the documented impacts and implications of climate variability and
change on Senegal’s production pathway, including household assets, land and livelihoods; farm inputs;
agricultural and food production practices; and agricultural value chains, highlighting their links to nutrition.

Climate variability and in particular shocks—both related to the natural environment and the economy—
can lead, and already have led, to the loss of household assets, land, and livelihoods in Senegal. This, in turn,
has implications upon the availability, affordability, access, and use of food.

Shocks

The literature surrounding shocks in Senegal covers the impact of both natural and non-natural climate-
related shocks on nutritional status. The two most pronounced climate shocks with which Senegalese
farmers must contend are droughts (natural) and economic shocks (non-natural), namely increasing
purchase prices (Lazzaroni & Wagner, 20106). Future projections suggest that both types of shocks, largely
as a result of increasing volatility in West African food production alongside world food prices, are likely to
exacerbate rates of undernutrition in the West African Sahel (Haggblade et al., 2017).
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Senegal’s most vulnerable groups, including the more than one third of the population that lives below the
poverty line or the 75% of families suffering from chronic poverty, face limited options in coping with these
shocks (WFP, 2019). However, one of the coping strategies adopted in West Africa in dealing with shocks
such as drought that affect productivity or prices, is to simply cut back on consumption (Camara, 2004;
Hazard et al., 2008). Such reductions in consumption can occur in many ways, such as eating less expensive
and less nutrient-dense foods like animal products, fruits, and vegetables, or cutting the number of meals
and thus calories consumed per day (Haggblade et al., 2017). However, the end result of such self-imposed
restrictions often means cutting high-protein and nutrient-rich foods, which especially for children under
the age of 5, can mean increasing their risk of stunting and the perpetuation of chronic and inter-generational
poverty (Haggblade et al., 2017).

The high frequency of climate shocks, especially recurring droughts, has already negatively impacted the
health of Senegal’s youngest generation. According to conservative estimates in a recent multiple shock
analysis investigating child malnutrition in rural Senegal, the occurrence of drought explains 25% of the
pooled child weight-for-age (underweight) standard deviation and 31% of income losses (Lazzaroni &
Wagner, 2016). These droughts have serious repercussions on the nutritional status and food security
situation of the most vulnerable households in rural Senegal (UNICEF & Action Against Hunger, 2010).

In this same vein, climate-related shocks such as higher purchase prices have also taken a toll on nutrition,
and particularly child health. The literature identifies a breadth of research detailing the negative impacts of
macro-economic shocks (Ferreira & Schady, 2009; Pongou et al., 2006) and commodity price changes
(Cogneau & Jedwab, 2012) on child health in Africa, and specifically in Senegal (Lazzaroni & Wagner, 2016).

Low-income households in Senegal are markedly impacted by such price increases, especially in terms of
caloric intake. Reductions in staple-food production due to production shocks like drought stress Sahelian
West Africa’s already thin markets for basic food items such as millet, sorghum, and maize and lead to price
spikes that limit the poot’s ability to access food (Haggblade et al., 2017). Moreover, world price shocks,
especially for rice, the main staple crop of the Senegalese population, and the imports of which account for
65% of national consumption, put undue pressure on already vulnerable rural populations (Haggblade et al.,
2017; Ouedraogo et al., 2018). During the 2008 world price spike, Thai milled rice almost tripled in price
from US $316/mt in April 2007 to $907/mt in 2008, which the Sahel relies on for almost 60% of its total
rice consumption and 10% of its total cereal consumption (Haggblade et al., 2017). Importantly, the need
to consider interaction effects and combined effects of multiple shocks occurring simultaneously and not
just as isolated events was identified as a research need that is currently thinly addressed (Lazzaroni &
Wagner, 2016).

Farm inputs, including fundamentally, land and water, can and have already been influenced by climate
variability in Senegal, leading to declines in soil quality and degradation of agricultural lands.

Land Degradation

Desertification and salinization were identified as the two main avenues of land degradation exacerbated by
climate variability and change in Senegal, and negatively affecting agricultural production practices. As the
availability of nutritious foods is dependent upon their agricultural production in the first place (Thomson
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& Mason, 2018), these climate-driven phenomena have implications for both the food security and nutrition
of people dependent on these lands.

With regard to desertification, robust evidence points to a pronounced reduction in water availability since
1960, especially around the Senegal River Basin, which is at least partially attributable to climate change, and
exacerbated by state-imposed rice production policies (Aich et al., 2014; Ardoin-Bardin et al., 2009; Bodian
et al., 2018; Faramarzi et al., 2013; Hanjra & Qureshi, 2010; Karambiri et al., 2011; Mahe et al., 2013; Mbaye
et al., 2015; Ruelland et al., 2012; Sylla et al., 2018; Venema et al., 1997). As water is the main limiting factor
for agricultural production in Senegal, the desertification around the Senegal River Basin and Valley poses
a significant challenge to domestic food production, especially of the staple rice production (Venema et al.,
1997).

In addition to this, the problem of salinization has also plagued Senegalese soils and contributes to food
insecurity. In Senegal, the lands affected by salinization processes are estimated to be on the order of 1
million to 1.7 million hectares, or about 5-9% of the total land area (Diack et al., 2019; Gobin et al., 2004;
Sadio, S. et al,, 1989). Though information on the direct relationship between climate and salinization of
lands is limited, changes in temperature and precipitation patterns are likely to affect the salt-water balance
of fragile ecosystems, especially in the Senegal River Valley (Diack et al., 2019).

Crops

One of the most significant impacts of changing rainfall and temperature patterns in Senegal is on
agricultural and food production systems, especially in Eastern Senegal. Reduction in crop yields, especially
due to temperature impacts on tropical cereal staples such as maize and rice, threatens populations that are
already food-insecure and agriculture-dependent for livelihoods (Brottem & Brooks, 2018; Roudier et al.,
2011). For groundnuts, a staple grown by 27% of all households and 52% of households in extreme poverty
(World Bank, 2017), crop models predict reductions in groundnut yields by 5-25% in areas where they are
currently grown (CIAT and BES/USAID, 2016). And for certain crops like maize, high temperatures may
reduce their zinc and magnesium content (Myers et al., 2014; Thomson & Mason, 2018).

Moreover, as more than 90% of agricultural land is comprised of small-scale, family-based farms engaged
in subsistence and rain-fed agriculture, insufficient precipitation and especially drought destroys household
food security by wiping out crops intended for their own consumption (S. Bandyopadhyay et al., 2012;
Hanjra & Qureshi, 2010). In addition, the associated loss of income makes the costs of engaging in safe and
protective behaviors such as purchasing clean food and water problematic and, in some cases, prohibitive
(S. Bandyopadhyay et al., 2012).

Following Senegal’s 1996 Water Sector Reform, for example, one of the unique characteristics of the
country’s rural water supply systems is that they rely extensively on borehole water supplied by motorized
pumps and managed by Borehole Users Associations (ASUFOR) which collect and manage water tariffs
according to consumption volume (Hanatani & Fuse, 2012). More than 4.4 million people in 5,100 villages
have water delivered to them through more than 10,800 public standpipes and 67,000 private connections,
for which users are charged between 200-400 CFA francs for a cubic meter of water, or 10 CFA per 20L
container (the size of a jerry can) (Hanatani & Fuse, 2012). While it is not uncommon to see women lining
up and willing to wait and pay to fill jerry cans and buckets from what is generally regarded as a safe,
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improved water source, reductions in household income levels may influence payment behavior regardless
of willingness to pay, thus affecting access to safe water for cooking, cleaning, and washing (S.
Bandyopadhyay et al., 2012; Hanatani & Fuse, 2012).

As such, the nutritional status of children is compromised in times of water shortage or temperature
extremes that lower crop yields (S. Bandyopadhyay et al., 2012). Moreover, water shortages and high
temperatures are also associated with increased risk of diarrhea and diseases that interfere with nutrient
absorption and overall health in Senegal (Constantin de Magny et al., 2007; Diouf et al., 2017; Dunn &
Johnson, 2018; Levy et al., 2009, 2016; Magny et al., 2012; Thiam, Diéne, Fuhrimann, et al., 2017; Thiam,
Diéne, Sy, et al., 2017).

1 ivestock

The Senegalese diet is mostly plant-based (Anderson et al., 2010) and based on cereals for over two-thirds
of dietary energy supply (FAO, 2010). Thus, the reduction of crop yields and staples is important
nutritionally and from a caloric standpoint. However, livestock as well represent an important local source
of protein and contribute to the livelihoods of around 30% of Senegalese households, especially those in
the drier northern region(FAO, 2005; Killebrew et al., 2010; Salmon et al., 2016). The nutritional
implications of the climate impact upon livestock livelihoods will be discussed later in the section on
“Impacts on Income Pathway,” but for now, it is important to note that, in production terms, excessive
temperatures and hot environments impair livestock productivity in many forms, including growth, meat
and milk yield and quality, egg yield, and animal weight, alongside reproductive performance, metabolic and
health status, and immune response (Nardone et al., 2010). These livestock include cattle, sheep, and goats.
In Senegal, where milk production is already low with annual milk offtakes per animal (whole, fresh cow
milk) averaging about 310 kilograms compared to 933 kilograms in South Asia, high temperatures may
contribute to additional shifts to the powdered and imported milk that already makes up the bulk of
domestic consumption (Kazybayeva et al., 2006). Moreover, because the provision of adequate quantities
of water are a major prerequisite for milk production, growth, and animal health, droughts and dehydration
due to inadequate rainfall may compound already suffering production and performance levels and limit an
important source of local protein and micronutrients in Senegal (Brottem & Brooks, 2018).

It is also important to note that diversifying agricultural activities from crop production to livestock
production is a documented adaptation strategy of farmers in the face of a varying and changing climate in
Senegal (Brown, 2008). Research in the semi-arid area of Senegal analyzing the impact of climate on income
diversification and food security demonstrates that large reductions in rainfall are closely tied to income
diversification and particularly to the addition of livestock and commerce to make up for grain income
deficits (Brown, 2008). However, the impacts on dietary diversity and nutrition outcomes from these
livelihood transitions and diversification are unclear, as it may increase access to and consumption of
livestock and dairy products in nearby towns and cities where they may be sold, or may influence rural
consumption patterns if they are retained locally. Thus the nutritional implications of this trend are
highlighted as an area for further investigation (Brown, 2008).

Poultry

As with livestock, poultry is also an important source of locally available protein and a contributor to
livelihoods in Senegal, as most households are involved in raising poultry (FAO, 2005; Killebrew et al., 2010).
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However, a wider discussion of climate impacts on livelihoods, beyond production, is included in the
“Impacts on Income Pathway” section below.

While no literature documenting the impacts of climate-related stresses such as heat stress on Senegal’s
poultry was uncovered during this review, there was research investigating the impact of heat stress on
poultry production more broadly in West Africa, and in particular in Nigeria (Ayo et al., 2011; Liverpool-
Tasie et al., 2019). Ayo et al. (2011) note deleterious effects of heat stress on chickens, including declines in
fertility, hatchability, and the general welfare of domestic chickens in Nigeria, while more recently Liverpool-
Tasie et al. (2019) undertook the first study to explicitly explore climate change adaptation among poultry
farmers in Africa. In doing so, Liverpool-Tasie et al. (2019) found that both increased temperatures and
increased dry spells negatively influence poultry production in Africa through death, decreased egg
production (in terms of quality and quantity), and reduced growth rates. The mechanism behind this decline
in growth and productivity is largely the tendency of chickens to reduce their feed intake to regulate their
internal temperature when confronted with heat stress (Nyoni et al., 2018).

Fisheries

Fish is the second main ingredient in Senegal’s national dish of “ceebu jén” (rice and fish). It is incredibly
important for the nourishment of the Senegalese population, accounting for more than 50% of its animal
protein intake, and directly or indirectly employing 17% of the country’s working population (World Bank,
2016). While the implications of climate change and variability upon fisheries-related livelihoods and
nutrition will be discussed further in the section on “Impacts on Income Pathway,” what is important to
note here is that the fish supply in Senegal is already stressed, though it is difficult to disentangle the effects
of climate change and variability from overexploitation (Ba et al., 2016; Lam et al., 2012; Ouedraogo et al.,
2018). The number of artisanal fishermen in Senegal has been on a steady march upward from 126,800 in
1980 to 181,200 in 2014 to almost 200,000 in 2017, reducing fish stocks and increasing the distances
fishermen must travel at sea to find fish (Ouedraogo et al., 2018). However, also at play is climate change
which has seen a rise in the average sea surface temperature along the Senegalese coast (Ba et al., 2016).
While most of the limited analyses of fisheries under climate change and variability are done regionally for
West Africa (Belhabib et al., 2016; Lam et al., 2012), and Senegal-specific research is even more sparse, some
evidence does somewhat encouragingly suggest that coastal pelagic fishes, which accounts for 64% of annual
catches in Senegal, and in particular small pelagic fishes such as sardinella (Sardinella anrita and Sardinella
maderensis), have not been and will not be largely affected from climatic changes (Ba et al., 2016). However,
other re|search suggests that this shift of fishermen to sardinella fish- in the first place may have come about
as a result of the impacts of climate change and its role in the collapse of the previously popular bluefish
(Pomatomus saltatrix) variety (Belhabib et al., 2010).

Documented evidence of climate impacts on specific agricultural value chains in Senegal is thin, but aflatoxin
was noted as a threat to crop production, and particularly to the maize and peanut crop value chains, that
will likely be exacerbated by climate variability (Faye et al., 2018). Aflatoxins, a group of highly toxic cancet-
causing mycotoxins, not only impact nutrition through the destruction of crops and agricultural
commodities intended for food, but through their direct health impacts (Thomson & Mason, 2018). Studies
in Benin, Togo, and the Gambia have linked aflatoxin exposure to kwashiorkor (severe protein
malnutrition), liver cancer, and increased susceptibility to hepatitis (Imes, 2011).
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Senegal, one of the largest West African producers of peanuts with production occurring in all districts of
the country (Faye et al., 2018), increases its crops’ likelihood of aflatoxin contamination when they are
exposed to high humidity levels, improperly dried and stored, or transported (Imes, 2011). Because of its
deficiencies in storage and post-handling processes, Africa is likely to become more affected by aflatoxin as
the mycotoxins thrive in more hot and humid environments (Stepman, 2018). Yet despite the widespread
cultivation of peanuts in almost every corner of the country, Senegal’s status as one of the largest producers
in the region, and the value chain’s importance for food security and nutrition, poverty reduction, livestock
feeding, and trade (R. Bandyopadhyay et al., 2016), this literature review uncovered no studies investigating
the linkages between climate variability, aflatoxin, and food or nutrition security in Senegal specifically.

CLIMATE IMPACTS ON THE INCOME PATHWAY

The income pathway is the second of the three main pathways through which agricultural production
influences nutrition outcomes, and most of the evidence of this literature review of climate impacts on
nutrition was found along this pathway. This pathway incorporates income from agricultural production as
well as non-agriculture related activities. In this section, we will investigate the documented impacts of
climate variability and change on Senegal’s income pathway, including food and non-food expenditures, the
food environment, health care, diet quality, health status, and water, sanitation, and hygiene (WASH) with
special attention to women and children as particularly vulnerable groups.

In the previous section, we explored the impacts of climate variability and change on the production
pathway, highlighting crops, livestock, poultry, and fisheries as particularly important and affected products
and sectors in Senegal. In this section, we expand upon the implications of these impacts for income
generation and security, and their consequences for nutrition.

Crops

As mentioned in the previous section, one of the most significant impacts of changing rainfall and
temperature patterns is on agricultural and food production systems in Senegal, especially through
reductions in crop yields such as maize and rice (Brottem & Brooks, 2018; Roudier et al., 2011). Evidence
documenting the repercussions of associated crop income losses on nutrition in Senegal is thin, but does
suggest reduced consumption of more expensive and nutrient-rich foods such as animal products, fruits,
and vegetables or simply of the quantity of less nutritious foods is a coping mechanism (Haggblade et al.,
2017), as well as less safe WASH practices such as the opting out of purchasing safe water for drinking or
cooking that lead to diarrheal diseases interfering with nutrient uptake and use (S. Bandyopadhyay et al.,
2012).

Interestingly, in digging deeper to identify how crop-specific agricultural research investments could be
prioritized to enable the production of more nutritious food under climate change, Manners & Etten (2018)
found that generally speaking, investment levels tend to be slightly lower for crops better adapted to future
climates and tend to decrease as crop nutrient richness increases (Manners & van Etten, 2018). In particular,
starch-rich crops such as maize and rice receive substantially more research investment than justified by
their nutrient composition, while more nutritious crops, such as the sweet potato, one of Senegal’s primary
crops, were found to be most strongly under-researched in regions with improving climate suitability
(Manners & van Etten, 2018).
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1 ivestock

Livestock contributes to the livelihoods of around 30% of Senegalese households, especially those in the
drier northern region (FAO, 2005; Killebrew et al., 2010; Salmon et al., 2016). Cattle in particular represent
an important input into household incomes and even act as insurance against weather risks in drought-
prone areas (Lunde & Lindtjorn, 2013). Lunde & Lindtjorn (2013), the first study to address how historical
variations in temperature and rainfall have influenced cattle populations in Africa, showed that from 1961-
2008, these variables have been modulating, and sometimes controlling, the number of cattle in Africa
through pathways such as direct heating (reducing feed consumption, animal health, and fertility) and vector-
borne diseases.

Moreover, climate shocks such as droughts in arid and semi-arid tropical Africa have led to dramatic drops
in herd sizes as well as disturbances in sex-and-age structures (Lesnoff et al., 2012). From a nutritional
standpoint, these livestock are an important and even essential asset to the rural poor, who rely on
production not just for the income that affords them the purchase of staple and nutritious foods, but as a
source of local and affordable nutrition themselves (Roland-Holst & Otte, 2007).

Furthermore, with the high risks associated with crop production under increasingly erratic climatic
conditions, these animals act as a safety net and even a form of savings and payment to access essential
resources like food (Kazybayeva et al., 2006; Roland-Holst & Otte, 2007). This fact is not true of just rural
areas but also of urban areas in remote regions where about 66% of households keep some kind of livestock
(Kazybayeva et al., 2000). In other words, the low monetary return of the livestock sector in the economy
(just 5.5% of national GDP but 37% of agricultural value) is due to the low productivity and low investment
of the sector, not low importance in terms of livelihoods and food and nutritional access (FAO, 2005;
Kazybayeva et al.,, 20060). What’s more, livestock are of more relative importance to poorer Senegalese
households but still only constitute about 10% of household income (Kazybayeva et al., 2006). The
prevalence and importance of livestock in agricultural systems is also not uniform across Senegal, as the
share of households keeping livestock varies from about 90% in pastoral areas such as Louga and
Tambacounda to 67% in rural areas surrounding Dakar and Djiourbel; traditional pastoral production
systems| dominate in the north, east and southeast —of Senegal, while agro-pastoral production systems
dominate the coastal regions and the southwest of Senegal (Kazybayeva et al., 2000).

Climate variability and change threaten this important income and food source in Senegal through heat
stress, changing the dynamics of vector-borne diseases affecting cattle, and reducing forage availability. The
impacts of heat and water stress on livestock in West Africa have been documented and have already been
discussed in the previous section on the production pathway. As for diseases, there is evidence that climate
change has increased the risk of many vector-borne diseases affecting livestock in Senegal, including Rift
Valley Fever (Bett et al., 2019; Sow et al., 2016; Talla et al., 2014; Tourre et al., 2009). Rift Valley Fever
(RVF) is a mosquito-borne disease mainly affecting sheep, goats, cattle, and camels, though humans can
also become infected (Bett et al., 2019), and there appear to be seasonal links. In East and southern Africa,
RVF outbreaks have occurred following periods of above-normal precipitation, while in West Africa, the
outbreaks that occurred in 1998, 2003, 2010, and 2012 all occurred just after a period of heavy precipitation
immediately preceded by a dry period, suggesting that climate change is likely to expand the disease’s
geographical range alongside changing precipitation patterns (Bett et al.,, 2019). In Senegal already, RVF
outbreaks have been historically reported following the development of flood irrigation systems, such as the
Senegal Dam in 1987 and 1998, connecting the disease not just with standing water through precipitation
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but also with land use change (Bett et al., 2019), and evidence from East Africa in Kenya confirms that
irrigated land in arid and semi-arid areas support endemic transmission of the disease (Mbotha et al., 2018).
The Ferlo region in north-central Senegal has become prone to RVF since the late 1980s, following
proliferation of the mosquito vector in temporary ponds and humid vegetation, with outbreaks leading to
spontaneous abortions and perinatal mortality (Tourre et al., 2009). The linking of RVF with rainfall
variability, density, and aggressiveness of vectors using the approach by Tourre et al. (2009) in Senegal led
to recognition of the gravity of the issue by the Senegalese government and funding to extend the approach
to all zones where cattle are exposed to risk (Tourre et al., 2009).

Regarding forage availability and climate, despite the importance of livestock in terms of livelihood and local
food and nutrition security, this literature review uncovered little research investigating the impacts of
climate change or variability on pasture grasses or quality or quantity of forage species in Senegal. While
some evidence points out that the herbaceous biomass rangeland that comprises the bulk of the diet of
livestock in the Senegalese Sahel and dominates the natural pastures upon which transhumant pastoralists
rely is strongly influenced by rainfall (Ndiaye et al., 2015) and other evidence shows species composition of
semi-arid savannah grassland strongly correlated to rainfall distribution more broadly in West Africa
(Tagesson et al, 2015), little attention is paid to translating this information into actionable
recommendations for decision-makers. This is despite the demand and expressed interest of Senegalese
government’s own Nutrition Coordination Unit (CLLM) and World Food Programme to the IRI in February
2020 of better understanding the impacts of seasonality and rainfall on forage for livestock, food security,
nutrition, and farmer-herder conflict.

Nonetheless, evidence from Lunde & Lindtjern (2013) documents that farmers in the savannah zone of
Senegal have observed fodder shortages in colder temperatures, and lower food consumption in the dry
season, and the Western Sahel is especially sensitive to dry-season temperatures in terms of feed
consumption. Similarly, in investigating farmers’ perceptions of climate change and variability in villages in
the semi-arid northern area of Senegal, Dieye & Roy (2012) found that pastoralists perceived their primary
threat around constraints related to insufficient access to water and grazing land (Dieye & Roy, 2012). This
concern is well-founded, as the process of desertification generally reduces the carrying capacity of
rangelands, alongside the buffering capacity of agro-pastoral and pastoral systems (Nardone et al., 2010).
Moreover, it is in line with observations of farmers across Africa, who associate changes in temperature and
rainfall patterns with reduced feed sources, as well as a plethora of other issues including increased animal
mortality, lower herd sizes, reduced water sources during the dry season, decreased animal productivity, and
emergence of new animal diseases (Liverpool-Tasie et al., 2019).

Poultry

Similarly to livestock, poultry also represents an important contribution to livelihoods and a key source of
locally available protein in Senegal (Killebrew et al., 2010). Most Senegalese households are involved in
poultry raising, and the importance of this activity is particularly pronounced for the poorest segments of
the Senegalese population (FAO, 2005). From a caloric perspective, poultry is not very significant, as poultry
meat and eggs together account for just 1% of the total daily calories consumed on average in Senegal
(Killebrew et al., 2010). However, in terms of availability and access to nutrients, poultry becomes important
as a source of local protein, as most smallholders sell poultry to neighbors and relatives in close proximity,
and its market value is thus difficult to capture and generally not appropriately reflective of its importance
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in the food system (Killebrew et al., 2010). Farmyard chickens kept by rural smallholder farmers account
for approximately 70% of the country’s total chicken stock (Killebrew et al., 2010).

Like livestock, poultry are particularly heat-sensitive animals (Carr et al., 2016; Lara & Rostagno, 2013). Heat
negatively impacts young chickens and laying hens by reducing growth and egg production and decreasing
poultry and egg quality and safety (Lara & Rostagno, 2013). And importantly, they are predominantly owned
and tended to by women in Senegal, so any impacts upon poultry thus affect women’s income and
productive assets, the significance of which will be discussed more in the “Impacts on Women’s
Empowerment Pathway” section (Carr et al., 2016). Also noteworthy is the fact that domestic production
has become increasingly important and grown in recent years following the government’s 2006 ban on
poultry imports, and thus consumption is 100% dependent on demand being met from within Senegal; this
shift carries its own risks and pressures to ensure successful production in a changing climate (Killebrew et
al., 2010).

Fisheries

A staple of Senegal’s national dish accounting for more than 50% of Senegal’s animal protein intake, the
impacts of increasing scarcity of fish under climate change and variability extend beyond the loss of fish
itself to the income derived from this activity and its influences on diet (World Bank, 2016). Fish and
fisheries provide jobs for 7 million West and Central Africans, and its harvest and post-harvest sectors
contribute 4% to Senegal’s overall gross domestic product (GDP) and employs, either directly or indirectly,
17% of the country’s working population (Lam et al., 2012; World Bank, 2016). This economic value
generated from fisheries give people the purchasing power to buy other high-calorie and high-energy staples
such as rice, wheat, and more nutritious foods such as vegetables and meat (Lam et al., 2012). A reduction
in landings and fish stocks under the Special Report on Emission Scenarios (SRES) A1B scenario, a
conservative greenhouse gas emissions scenario, for West Africa therefore means a loss in fisheries-related
jobs and profitability to the tune of almost 50% for the region, with impacts upon the food security and
nutrition of the Senegalese population, but also, because Senegal is a net exporter of fish, for those reliant
on its fish stocks for their food and nutritional security as well (Lam et al., 2012).

The food environment, or the physical presence of food that affects a person’s diet, is a factor that is being
influenced through migration both within Senegal and abroad, and which is at least partially exacerbated by
climatic changes. In the face of shortfalls in agricultural and pastoral production and land degradation
exacerbated by climatic changes described earlier, some households rely on migration as a means to
compensate for lost farm income (Brottem & Brooks, 2018; Roland-Holst & Otte, 2007). In a study
conducted in Eastern Senegal, Brottem & Brooks (2018) found that almost one-third of the households
surveyed had at least one migrant amongst its members. Moreover, 25% of pastoralist households reported
that 75% or more of their incomes were derived from migrant remittances, though just 6% of agricultural
households reported the same (Brottem & Brooks, 2018). This flow of people and money has nutritional
implications, as those migrating, whether abroad or to cities within Senegal, are of course exposed to
different built food environments but also because the money flowing back into households may influence
access and choice of food as well. This literature review uncovered no research investigating the impacts of
climate-driven (or as a factor) migration and accompanying remittances on nutrition in Senegal, through
altered food environments or otherwise.
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Other literature also documents migration, particularly seasonal migration for remittances, as a historically
important response strategy for coping with declining agricultural productivity in Senegal (Brown, 2008;
Glantz, 1987; Golan, 1994; Roland-Holst & Otte, 2007) and for supplementing diets and covering lost
income (Kazybayeva et al., 2006). Such migrations often occur to nearby cities or towns, where
agriculturalists or pastoralists will go to work as chauffeurs, apprentice chauffeurs, domestic laborers,
traders, or even as students, with some returning each year for the growing season and others returning just
for holidays or family events (Brown, 2008). Again, given that climate is demonstrably affecting agricultural
productivity, this migration is at least partially attributable to climatic changes, though the dietary and
nutritional implications of these movements both upon those moving and those back home are still
undocumented within the literature.

One of the most significant avenues through which dietary quality and diversity will be affected is through
climate impacts on fishing and fisheries in Senegal, which being located in low-latitudinal region of West
Africa, is to be affected most by climatic changes (Cheung, 2010). As has been discussed eatlier in this
review, fish is a particularly critical source of affordable protein, important micronutrients, and income in
Senegal, accounting for more than 50% of the animal protein intake of its population(Jentoft &
Chuenpagdee, 2015; Lam et al., 2012; World Bank, 2016). In fact, Senegal has the highest consumption of
fish in West Africa, at about 27.8 kg per capita annually, providing essential micronutrients such as iron,
iodine, zinc, calcium, and vitamins A and B which cannot be found in other staples such as rice, maize, or
cassava (Kawarazuka, 2010; Roos et al., 2007). As almost half of all Senegalese women are anemic (iron-
deficient), the effects of climate upon fish production and availability have special gender implications,
which will be discussed more in the “Impacts on Women’s Empowerment Pathway” section (Global
Nutrition Report: Senegal Nutrition Profile , 2019). West Africans generally eat less animal protein than people
in more developed countries but consume more fish, demonstrating the dependence on this important and
cheap protein and nutrient source (Lam et al., 2012). Climatic changes impacting fish therefore represent a
significant blow to diet quality, especially for women.

The impacts of climate variability and change will increasingly influence human health, especially through
waterborne diseases and conditions such as diarrhea (Thiam, Diene, Sy, et al., 2017). This is important
because nutrition depends not just on ready access to appropriate nutritious foods, but the absence of
diseases, such as those causing diarrhea, that reduce the body’s capacity to benefit from the food (Thomson
& Mason, 2018, p. 27).

Senegal, which already has the highest overall diarrheal prevalence in West Africa (Dunn & Johnson, 2018),
is likely to have its diarrheal burden increase, especially for those under the age of 5 (Dunn, 2016; Thiam,
Diene, Fuhrimann, et al., 2017; Thiam, Di¢ne, Sy, et al., 2017). Diarrhea is already one of the leading causes
of malnutrition in young children and is particularly harmful in that it induces a brutal cycle of decreased
energy intake, micronutrient deficiencies, and increased vulnerability to infection (Dunn & Johnson, 2018).
In Senegal, the Ministry of Health lists diarrhea as the third leading cause of mortality (responsible for 15%
of deaths) and the second leading cause driving caregivers of children under 5 years old to seek medical
consultation (Thiam, Diene, Fuhrimann, et al., 2017). Moreover, the impacts upon health and nutrition are
not always limited to the short-term, but can lead to longer-term and even inter-generational cycles of
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poverty through stunting (low height for age), impaired intellectual development and performance in
education, reduced economic productivity, impaired sexual performance, and increased risk of metabolic
and cardiovascular disease (Black et al., 2008).

The relationship between climate and diarrheal disease is complex, but evidence suggests that climatic
factors such as temperature and rainfall are associated with diarrhea (S. Bandyopadhyay et al.,, 2012;
Constantin de Magny et al., 2007; Diouf et al., 2017; Dunn, 2016; Dunn & Johnson, 2018; Kraay et al., 2018;
Levy et al., 2009, 2016; Magny et al., 2012; Thiam, Di¢ne, Fuhrimann, et al., 2017; Thiam, Di¢ne, Sy, et al.,
2017).

The fairly recent study by Thiam, Dic¢ne, Sy, et al. (2017) in Mbour, Senegal was the first to use remote
sensing data to assess the relationship between climatic factors and diarrheal incidence in Senegal, and found
that increases in temperature were associated with an increase in the incidence of diarrhea in children under
five years of age. On a wider scale, Bandyopadhyay et al. (2012) showed that precipitation is also at play,
and shortages of rainfall in the dry season increase the prevalence of diarrhea across sub-Saharan Africa.
Moreover, a more recent rigorous, systematic, and comprehensive review of the epidemiological literature
examining the relationship between meteorological conditions (ambient temperature, heavy rainfall, drought
and flooding) and diarrheal diseases found a predominant trend for positive relationships between diarrhea
and all four meteorological conditions, though there was an exception in the association for ambient
temperature and viral diarrhea, which was negative (Levy et al., 2010).

Other papers looked more specifically at the connections between climatic variables and rotavirus, cholera,
and even malaria—all of which cause diarrhea—in Senegal.

Rotavirus

Rotavirus is one of four pathogens responsible for most severe diarrheal diseases and previously not thought
to be largely influenced by climate (Kraay et al., 2018). However, in another systematic review specifically
for rotavirus in Africa (Levy et al,, 2009), it was revealed that the pathogen actually exhibits distinct
seasonality and responds to changes in climate, with the highest number of infections found at the colder
and drier times of year. This finding is in line with the analysis undertaken by Thiam, Di¢ne, Sy, et al. (2017)
in the health district of Mbour, Senegal which found the predominant cause of infection for children in the
cool dry season to be rotavirus, while in the hot rainy season it was bacterial (enteric infections). Kraay et
al. (2018) as well demonstrated links between water, temperature and rotavirus, and found that
environmental transmission through water sources (flowing or standing) is an important source of risk for
tropical climates such as that of Senegal, at both the community and regional scale, that is intensified under
conditions of water scarcity (Kraay et al., 2018).

Cholera

On bacterial causes of diarrhea and connection to climate in Senegal, Magny et al. (2012) retrospectively
investigated whether climate was a factor in Senegal’s cholera outbreak in 2005, which was the largest ever
recorded by the World Health Organization at that time in Africa and the most severe of recorded outbreaks
for Senegal since 1970. In doing so, the team found that heavy rainfall occurring during the wintering of
2005 in the Dakar region and at the origin of floods exacerbated the epidemic, which had only been
underway in eleven regions before the floods. The influence of intense (abrupt and heavy) precipitation over
densely populated regions like Dakar and Thies on cholera transmission was clearly observed (Magny et al.,
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2012), leading the team to recommend the development of high-resolution rainfall forecasts at subseasonal
time scales and eventual development of an early warning system (Magny et al., 2012).

Malaria

Lastly, some of the literature focused on malaria as a climate-sensitive, vector-borne disease. Like the other
aforementioned bacterial and viral causes of diarrhea, malaria is also linked with diarrhea, as anywhere from
5-38% of malaria cases are associated with diarrhea (Prasad & Virk, 1993), thus affecting absorption and
use of nutrients, as well as the ability to engage fully in livelihoods (Diouf et al., 2017). Moreover, malaria is
also closely associated with anemia (Thomson & Mason, 2018), and there is a significant association with
stunting, sickle cell disorders, and alpha-thalassemia in children less than ten years of age in Senegal (Tine
et al., 2012). A systematic literature review on interactions between malaria generally and malnutrition
uncovered complex interactions between the two (Das et al., 2018), and evidence of malnutrition on malaria
risk remains controversial and even contradictory. Nonetheless, chronic malnutrition was relatively
consistently associated with severity of malaria (Das et al., 2018), and there is a clear, demonstrated link
between malaria and seasonality (Diouf et al., 2017).

Several studies examined the influence of climatic factors on the epidemiology of malaria in Senegal
(Delaunay, 1998; Fontenille et al., 1997; Grover-Kopec et al., 2006) and highlighted need for further research
on transmission in Senegal. Meeting this need Diouf et al. (2017) studied the impact of climate variability
on malaria transmission in Senegal and found that the risk of malaria is modulated by climate patterns such
as the amount and intensity of rainfall, which is conducive to the multiplication and breeding of the Anaopheles
mosquito vectors. In the north of Senegal (Ferlo area), alternation between wet and dry seasons as well as
the occurrence of extreme events like flood and drought plays a significant role in the mortality and
morbidity of malaria (Diouf et al., 2017).

Indirect Causes of Diarrbea

In addition to these three pathological routes to diarrhea and malnutrition, drought and water scarcity also
impact diarrhea through indirect routes, such as a reduction in crop yields. Given Senegal’s dependence
upon rain-fed agriculture, insufficient precipitation often devastates household food security by destroying
crops intended for home consumption (S. Bandyopadhyay et al., 2012). During these times of stress
following lower crop yields, the cost of then undertaking protective actions such as purchasing safe food
and water can then become prohibitive, and the nutritional status of children can become severely
compromised (S. Bandyopadhyay et al., 2012). In a self-reinforcing cycle, these children often become
stunted and then more likely to contract diarrheal diseases further affecting their health and nutrition (S.
Bandyopadhyay et al., 2012). A more complete mapping of the linkages between climatic changes and
diarrhea, including indirect causes, can be found in Figure 2.
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Figure 2: Mechanisms by which meteorological conditions expected to be impacted by climate change could increase
the risk of diarrbeal diseases. (Sonrce: Adapted from Levy et al. 2016)

To decrease the risk of disease, especially becoming infected by the water-borne pathogens mentioned in
the previous section, appropriate water, sanitation, and hygiene (WASH) practices are necessary, especially
surrounding the food preparation process. This means clean water and appropriate hygiene practices,
behavior, and infrastructure.

Climate Impacts on Nutrition in Senegal | Page 14




©

Tnternational Research Tnstitute

for Climate and Society
FARIH INSITIUTE | COLUMBIA UNIVERSITY

However, if water becomes less available or re-prioritized such as in the face of a drought, these sanitation
and hygienic practices may become compromised, opening up risk of infection and concomitant impacts
upon nutrition.

An investigation of the literature on water availability in Senegal revealed a consistent documentation of
water resources negatively impacted by climate change in West Africa (Aich et al., 2014; Ardoin-Bardin et
al., 2009; Faramarzi et al., 2013; Karambiri et al., 2011; Mahe et al., 2013; Ruelland et al., 2012). A decrease
of about 10-40% in water availability is projected across the five major river basins of West Africa, with the
largest negative changes projected for the Senegal and The Gambia due to a combination of precipitation
decreases and evapotranspiration increases (Bodian et al., 2018; Sylla et al., 2018). Where drought occurs
and water is scarce, there tend to be increased consumption of unsafe water and lowering of good hygiene
practices (Fewtrell et al., 2005), which in turn increases exposure to environmental pathogens and
contaminated food due to high temperatures associated with accelerated bacterial growth (Thiam, Diéne,
Sy, et al., 2017). In other words, one of the most immediate factors affecting nutrition, household food
preparation, is affected.

Recurring droughts have already impacted water availability in Senegal, and these decreases in freshwater
resources have far-reaching consequences for human health and ecosystems in arid and semi-arid climates
(Mbaye et al., 2015). Especially in the Upper Senegal Basin, impacts have been felt as the Senegal River’s
annual average flow has fallen from 1374 m3/sec over the period 1903-1950 to 840 m3/sec in the period
1950-1972 and further decreased to only 419 m3/sec in the period from 1973-2002, impacting rain-fed
agriculture, economic development, livelihoods, fishery and thus food security and nutrition (Bodian et al.,
2018; Mbaye et al., 2015; Sylla et al., 2018).

Undernutrition in mothers has direct effects on maternal mortality and a child’s healthy development and
status, and amongst lactating women especially, it is critical to ensure good nutritional status which is also
directly linked to child health (Oh et al., 2019). In Senegal, however, almost half (49.9%) of women suffer
from anemia (Global Nutrition Report, 2019), and among pregnant women this number jumps to 58.1%
(Oh et al,, 2019). Climatic changes and variations negatively impacting iron-rich meat sources such as
livestock, poultry, and fish production, as previously described in this review, therefore have serious health
and nutritional implications for both mothers and children due to decreased access to this essential
micronutrient.

In addition to this, water shortages such as during climatic shocks like droughts place severe limitations on
children’s health, and precipitation and temperature variation are paramount in determining diarrheal
prevalence in children under three in Africa generally (S. Bandyopadhyay et al., 2012), as well as in Senegal
(Constantin de Magny et al., 2007; Diouf et al., 2017; Dunn & Johnson, 2018; Levy et al., 2009, 2016; Magny
et al., 2012; Thiam, Diene, Fuhrimann, et al., 2017; Thiam, Di¢ne, Sy, et al., 2017).
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CLIMATE IMPACTS ON WOMEN’'S EMPOWERMENT PATHWAY

The third and final pathway for nutrition is the women’s empowerment pathway. Because women are the
primary care givers for infants and young children and because shortcomings in their care can have both
immediate and more long-term and even intergenerational effects on the nutrition outcomes of their
children and their offspring (Dewey & Begum, 2011), they are a particularly important group to consider in
designing research or interventions targeting improved nutritional outcomes. Of the three pathways
described in this review, however, evidence on impacts of climate on nutrition through the women’s
empowerment pathway was the most sparse. Nonetheless, what follows here is a consideration of the limited
evidence found in the review.

While research into factors affecting nutritional practices among mothers in Senegal is lacking, Oh et al.
(2019) recently investigated this question amongst mothers in Dakar, Senegal. While climate was not a
consideration, one of the most important findings to come out of the study is that education and income
levels, more than knowledge or attitudes, have the strongest relationship with healthy nutritional practices
amongst mothers, leading the authors to recommend economic factors as a key consideration for the success
of Senegalese nutrition projects (Oh et al., 2019). The inference of this finding in relation to climate means
that climatic factors affecting women’s income can reasonably be expected to also influence maternal
nutrition practices in Senegal, at least in Dakar.

This means that climate impacts on livelihoods, sectors, or agricultural activities where women dominate or
play a large role are likely to negatively affect their income and, in turn, nutrition practices. The three most
important examples of this type of work cited in the literature are the fishery, poultry, horticulture, and
livestock sectors.

With regard to the fisheries sector, recent statistics indicate that women represent more than one quarter
(27%) of the labor force in Senegal’s fisheries and aquaculture sector, have historically dominated more than
90% of the processing sector, and are generally considered “paramount” at all levels of the value chain
(USAID, 2018). As such, any deleterious effects of climate upon fish quantity or quality, as described in
previous sections of this review, have significant implications on the livelihood of women engaged in this
sectof.

As for poultry, as mentioned eatlier in this review, they are predominantly owned and tended to by women,
and thus any climatic effects negatively influencing fowl will by extension jeopardize their assets and sources
of local nutrition (Carr et al., 2016). This is important because there tends to be a positive correlation
between female financial empowerment and higher dietary diversity for both women and children (Carranza
et al., 2019), which is related to Senegalese women generally prioritizing and spending their personal income
more often on food, healthcare, and education for their children (Dia, F. et al., 2010). Women in Senegal
also engage most heavily in horticulture, especially during the dry season, when it is common for husbands
to allocate for their wives plots usually used for food crops for kitchen gardening including more nutritious
garden vegetables for both home consumption and sale (Dia, F. et al., 2010; Linares, 2009; Maertens, 2009).
These activities are already limited by water availability and proximity and thus sensitive to precipitation
changes and drought.
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Lastly, women in Senegal are usually responsible for free-ranging livestock such as sheep and goats (Carranza
et al., 2019), and as with the fisheries and livestock sectors, have these assets compromised when livestock
are impacted by climatic changes, as previously described in this review.

As for time, women in Senegal are also responsible for gathering water and firewood for cooking (Carranza
et al., 2019), so the land degradation and decreased water availability described earlier in this review may
increase the amount of time women spend looking for wood or water, which is time away from their children
and child care duties (Dia, F. et al., 2010).

While women are an important subset of the population to be considered for the development of climate
services, especially for nutrition, it is important that this group not be oversimplified as one homogenous
block of people within Senegal. To do so is to miss out on important nuances and differences in needs,
vulnerabilities, and opportunities (Carr et al., 2016). As Carr et al. (2016) point out, the experience of being
a woman in Senegal is greatly shaped by the intersection of gender with other identity categories such as age
group, seniority (in relation to the number of wives in a given household), ethnicity, and even ethnic group,
and these identities are even fluid and shifting in different contexts. Among women in Senegal, there are
varying levels of exposure, sensitivity, and adaptive capacity in the community and household (Carr et al.,
2016), and these should be taken into account of the development of climate services for this group.

CONCLUSIONS AND RECOMMENDATIONS

While the literature rarely explicitly addresses climate impacts on nutrition in Senegal, it does address the
impacts of climate variability and change on a breadth of pathways known to influence nutrition outcomes.
Those pathways include the production, income, and women’s empowerment pathways and offer insights
into the most important groups and entry points through which climate services might be developed.

It is important to note that in examining the literature on this topic, much of the research was either too
wide (regional, West Africa) or too narrow (investigating one national region or district) in scope, with
analysis seldomly performed at the national level. This trend has implications in the area of effecting change
through policies or programs, as much of the success that Senegal has seen in creating its positive enabling
environment for nutrition has come about as the result of policies, programs, and coordination at the
national level (Kampman et al., 2017). Thus, in seeking to build the evidence base on this topic, studies that
are more national in scope might be considered.

Nonetheless, a review of the existing literature provided a wealth of insight into the existing strengths and
needs surrounding information gaps and the development of climate services and decision support systems
to promote positive nutritional outcomes in the face of increasingly erratic precipitation and temperature
patterns in Senegal. Concerning research needs, as mentioned within the review, documentation of climate
impacts upon nutrition is weakest within the women’s empowerment pathway, yet women are the subset of
the population which exerts the most influence on children’s health outcomes and in perpetuating or
stopping intergenerational poverty. Even within the production and income sectors where evidence is most
robust in documenting climatic influences upon nutrition—such as crops, livestock, poultry, fisheries—
targeted research specifically documenting how women are affected by these impacts is limited. And even
within areas such as WASH and water availability that are widely known to be significant determinants of
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nutritional status, evidence of behaviors and practices of Senegalese people, especially women and mothers,
in the face of climatic uncertainty, changes, and variability is thin.

Further research and the development of climate services should give special consideration therefore to
building the evidence base in relation to women and mothers, but also pay special attention to the livestock
sector, as a shift to livestock activities was noted as an increasingly common adaptation strategy amongst
agriculturalists in the literature and also because of its nutritional significance. With fish as well, it is difficult
to overstate the importance of this food in terms of its significance in the national culture and cuisine
(“ceebu jén”) but also nutritionally as a vital source of protein and micronutrients for over half the
population. Yet despite its importance, the Senegal-specific research delving into climate impacts on
fisheries seems to have trouble conclusively disentangling the effects of over-exploitation versus climate. In
order to effectively develop climate services for this vitally important sector, its dynamics and interplay with
climatic changes and variability must be better understood.

Lastly, while the health and agricultural communities and fields are fairly distinct, it is important to note that
nutritional outcomes are not exclusively influenced through agricultural pathways but also practices
(WASH), behaviors, and pathogens that fall outside this sphere. Solutions to effectively safeguard and even
improve nutritional status in the face of climate variability and change therefore need to be multidisciplinary
in nature, or they will likely prove insufficient at fully addressing the problem. Moreover, the same kinds of
information that can be developed and improved for agricultural purposes, such as high-resolution forecasts
at sub-seasonal time scales, have also been identified as a need by the health community as a way forward
for early warning and action for nutrition in Senegal, and especially waterborne epidemics impacting
nutrition (Constantin de Magny et al., 2007; Magny et al., 2012; Thiam, Diene, Sy, et al., 2017).

ACToday may be able to pursue these aims through Senegal’s national Nutrition Coordination Unit (CLM),
which in a recent assessment of its capacities, stressed the enormity of the challenge that climate poses for
food and nutritional security in Senegal and called for “substantial investments” into research investigating
these linkages (Deussom N. et al., 2018).

Concretely, ACToday might consider investing in and developing research, tools, and activities in the
following areas:

e Research investigating linkages between climate variability, aflatoxin, and food and nutrition security
in Senegal

e Research aimed at better understanding and promoting production of more nutritious food crops
(such as sweet potato) under climate variability and change for Senegal

e Research and tools to better understand, visualize, and adapt information on seasonal linkages of
vector-borne diseases like Rift Valley Fever with rainfall variability, density, and aggressiveness on a
wider national scale, and to inform a possible national eatly warning/eatly action system for
outbreaks. Note that the Senegalese government recognizes the gravity of this issue and has itself
previously allocated funding for research to assess RVF risk. (Tourre et al., 2009).

e Research investigating the impacts of climate variability on pasture grasses, and quality and quantity
of forage species for livestock in Senegal, alongside the development tools to visualize these effects
and support decision-making and planning around food and nutrition security interventions and
avoidance of farmer-herder conflict. Note that this was requested both by the government’s
Nutrition Coordination Unit (CLM) and the World Food Programme (WFP) in conversations with
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ACToday Senegal staff in February 2020, and this literature review corroborates their assertion that
research on this topic and concomitant tools are indeed lacking.

e Activities and tools for translating existing evidence on precipitation impacts on rangeland and
forage composition for West Africa and Senegal into actionable information and recommendations
for decision-makers, through maproom visualizations, trainings, or otherwise.

e Research investigating impacts of heat and water stress on livestock to 1) inform identification of
“hotspots” where food and nutritional insecurity or farmer-herder conflict are likely to occur, and
2) the possible development of decision support systems for the livestock sector, such as with the
FAQO’s Predictive Livestock Early Warning System (PLEWS).

e Research investigating impacts of heat stress on poultry, bearing in mind national consumption of
poultry for Senegal is now 100% dependent on demand being met from within Senegal since the
government’s ban on poultry imports in 2000.

e Research and activities exploring relationships between climate, migration (rural-urban within
Senegal), and accompanying impacts of remittances on food consumption and nutrition in Senegal.

e Development of high-resolution rainfall forecasts at subseasonal time scales and eventual
development of an early warning system for diarrheal diseases like cholera.

e Development of models analyzing interaction and combined effects of multiple shocks occurring
simultaneously (for example, drought combined with wotld or local food price shocks on a given
population) to more appropriately assess real-world situations confronting the Senegalese
population

e Research into factors affecting nutritional practices among mothers in Senegal (more
representatively, beyond what has only been done in Dakar), including climatic factors.
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