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Abstract 
Imminent threats of climate change, limited freshwater supply, and insufficient local harvests 
are all drivers of livelihood challenges for communities along the Senegal River Valley (SRV). 
Studies have assessed and reviewed the productivity of agricultural practices along the SRV, 
with findings reporting low efficiency and yield of crops in this area – particularly rice. 
Additionally, the Senegal River Basin (SRB), a transboundary basin, sustains both energy and 
food production needs for neighboring countries – Mauritania, Mali, and Guinea. The 
challenges faced within the SRV’s agricultural operations could lead to food insecurity for 
vulnerable communities within Senegal and in neighboring countries. Stakeholders of SRV 
have opposing perspectives on dam management and have yet to implement a sustainable 
and viable solution for these operations. Agricultural strategies between double cropping and 
monocropping have complicated productivity for smallholder farmers. Levels of salinization 
affecting arable land in the SRV have placed agricultural constraints, pressuring smallholders 
and governments to carry out desalinization strategies in the area. Given the complexity of 
SRB, better governance and multi-lateral collaboration could optimize its potential for 
economic growth for Senegal and partner nations and promote sustainable livelihoods and 
improve the quality of life for local communities. This paper examines data and findings from 
secondary sources including peer-reviewed research and journals to highlight the challenges 
faced by the riparian communities on the Senegalese side of the SRV. Our findings indicate 
evidence of water security in the SRV regions as well as its impact on agricultural productivity, 
earnings, and food security for local people. Addressing the risks hampering the SRV’s 
agricultural potential requires a disaster-risk analysis, this paper assesses the system 
dynamics through the DPSIR framework with a vulnerability assessment. This paper has 
indicated the urgent need for an integrated response to both social and environmental 
vulnerabilities to improve the development potential of the SRV, with policy recommendations 
provided.  
 

1. Introduction 
Since the late 1960s, drought-induced food insecurity has been an imminent 

challenge in the Sahelian region (Falkenmark & Rockstrom, 2004), which is 
characterized by erratic rainfall and poor soil conditions. As one of the nations falling 
into the Sahel belt, Senegal’s food production has also been threatened by climate-
related disaster risks, including dry spells, frequent droughts, and declining rainfall 
(Agence Nationale de l’Aviation Civile et de la Météorologie [ANACIM] & World Food 
Programme [WFP], 2012). Given that rice is one of the country's main staples, the 
Senegalese government has proactively set out to become rice self-sufficient, reducing 
the reliance on food imports with high price volatility. However, this agricultural 
investment in rice-crops has several challenges for smallholder farmers, creating a 
divide in agricultural planning. The Senegal River Basin (SRB), which is shared by four 
nations – Guinea, Mali, Mauritania, and Senegal – in West Africa, drains an area of 
337,000 km2 (Tilmant et al., 2020). Facing agricultural crises, famine, and conflicts 
caused by meteorological droughts (Diop et al., 2021; Sakho et al., 2017), the 
Senegalese government had a pressing need to harness the water resource effectively 
and secure food production in the SRV. The authority and infrastructure development 
project does not only serve for water demands of food production in downstream 
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countries (Mauritania and Senegal) but also energy needs of the upstream countries 
(Guinea and Mali). An early form of Integrated Water Resource Management (IWRM), 
hence, evolved in the transboundary context. However, inadequate water resource 
management and climate stress threatens water and food security in in this region.  

The findings of this paper will support policy recommendations for SDG 6, by 
addressing the goal to ensure that water is a non-excludable good for the vulnerable 
parties of the SRV communities. Through targets 6.4 and 6.A, we will assess different 
factors – management of water systems (SDG 9) and impacts of climate variability 
(SDG 13) – affecting water availability for agriculture (SDG 2) and determine strategies 
for sustainable agricultural practice and improved freshwater supply. After this brief 
introduction, this paper is organized as follows: Section 2 provides an overview of the 
contextual information of SRV, including water resources, demands, climate 
conditions, blue infrastructure, and governance; Section 3 identifies the challenges 
faced by the SRV communities in improving agricultural productivity; Section 4 
analyzes the challenges through the use of a DPSIR framework to identify the 
associated disaster risks on the water and food systems; Section 5 summarizes the 
findings and presents the recommendations. 

 
2. Background 

Scope of the study 
The Senegal River Basin (SRB) has a complex make-up; it is a transboundary 

basin with several climatic zones such as rainfall variability, droughts, and floods 
(Sakho et al., 2017). The headwaters originate from Guinea flowing through Mali, 
subsequently forming the border between Mauritania and Senegal, before reaching its 
estuary on the Atlantic Ocean (International Union for Conservation of Nature [IUCN], 
2003; Tilmant et al., 2020). The basin is generally classified into three distinct regions: 
the upper basin, valley (lower basin), and delta (Varis & Lahtela, 2002; Uhlir, 2003). 
The study scope of this paper focusese on the Senegal River Valley (SRV), which is 
located within the Senegal border, from the town of Bakel to Dagana – see Figure 1.  
  

Figure 1: The basin is classified into three distinct regions: the upper basin, valley 
(lower basin), and delta, adapted from (Tilmant et al., 2020) 

 
Climate conditions 

The riparian communities in the SRV lie within the Sahel region, in which the 
climate is arid (receiving 300-350mm of rain per year) and extremely prone to drought 
(Asselin & Poulsen, 2015; Wuehler & Wane, 2011). The area has three seasons: a 
cool-dry season in November-February, a hot-dry season in March-June, and a rainy 
season July-October (Sall et al., 2020; ANACIM & WFP, 2012) also demonstrated that 
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the annual mean precipitation drops from 1,000 to 200 mm/year, from south to north 
in Senegal – see Figure 2. In addition, the rainfall distribution during the rainy season 
is more irregular in the north-western parts of the country – see Figure 3. The SRV, as 
part of the Sahelian strip and northern Senegal, is no stranger to rainfall variability – 
with climate change transitions ranging from wet periods to droughts, during the 50s-
60s and 70s-80s, respectively (Diop et al., 2021; Sakho et al., 2017). Climate change 
is believed to be the primary result of this variability; however, dam construction has 
also led to changes in streamflow responses and inter-annual variability of rainfall 
within the last two decades (Diop et al., 2021; Sakho et al., 2017).  

 

 
Figure 2: Average annual distribution of rainfall across Senegal between 1999 and 

2012, reprinted from (ANACIM & WFP, 2012) 
 

 
Figure 3: Uniformity of rainfall in Senegal, average from 1999 to 2011, reprinted from 

(ANACIM & WFP, 2012) 
 

Water resources and needs 
The available water from the SRB is around 15,000 to 17,000 Mm3/year, shared 

among Mauritania, Mali, and Senegal. Currently, Senegal withdraws approximately 
1,766 Mm3/year from the SRB, with over 95% of it used in agriculture – see Appendix 
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A (WBG, 2022). Current freshwater resources, including surface and groundwater, is 
still abundant in SRB, which is 24.5 times greater than the national water consumption, 
around 1,591 million m3 in 2000 (Faye et al., 2021). However, studies pointed out that 
the volume of renewable water falls below 1,700 m3/capita/day, implying a high 
probability of freshwater depletion in the long run – see Figure 4 (Faye et al., 2021; 
WBG, 2022). Shifting from the traditional farming – rain-fed and flood-recession 
agriculture – to drought-proof irrigated farming, the water demand on surface water 
resources significantly increased, and multiple benefits of flood recession were lost – 
see Appendix B (IUCN, 2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Volume of renewable water resources per year per capita, reprinted from 

(WBG, 2022) 
 

Hydraulic infrastructure 
There are two major hydraulic infrastructures built with reservoirs, which are 

the Manantali dam in the upper basin at Mali and the Diama dam near the River Mouth 
in Senegal (Tilmant et al., 2020). The role of the Manantali dam is to control the flow 
of water from Guinea and reduce flooding downstream while the Diama dam aims to 
prevent saltwater intrusion for the sake of agricultural production in Senegal and 
Mauritania along the SRV (Tilmant et al., 2020). The Manantali dam and artificial flood 
release were designed to optimize the flooding for 50,000 hectares of floodplain 
cultivation while other floodplain areas were transformed into irrigated agriculture 
(IUCN, 2003). Added to the dams, there are two hydropower stations at Manantali and 
Félou in Mali for the riparian countries – see Figure 5. The operation of the Manantali 
Dam has been prioritized to generate hydroelectric power, of which 33% was 
anticipated to benefit Senegal – see Appendix C (Varis et al., 2008; Niasse, n.d.). The 
increasing rainfall variability and dam operation induce changes in flood intensity, 
frequency, streamflow response, and water availability, impeding the development of 
flood-recession and irrigation agriculture (Sakho et al., 2017; Sall et al., 2020). 
Traditional flood-recession farming is encouraged to be replaced by irrigation 
agriculture, reallocating land resources from crops like millet and sorghum towards rice 
and a lesser extent to onions in the SRV (Moss et al., 2018; Tanaka et al., 2015).  



 5

 

Figure 5: Schematization of Senegal River Basin, reprinted from (Tilmant et al., 2020) 
 
Governance 

SRV is part of a transboundary river, making up territory for parts of Mali, 
Guinea, Senegal, and Mauritania; and with mixed political interests and water 
demands (Tilmant et al., 2020), the region is at risk of potential conflicts due to the 
different countries’ preferences for diversified water resource use (Sakho et al., 2017). 
At the transboundary, national, sub-national levels, there are several key actors and 
stakeholders to the Senegal River Valley – see Table 1. The Organisation pour la Mise 
en Valeur du Fleuve Sénégal (OMVS), composed of three of the riparian countries – 
Mali, Mauritania, and Senegal, was established to address the considerable inter-
annual variability in rainfall and water flow of the Senegal River in 1972 (Sakho et al., 
2017; Uhlir, 2003). The OMVS recognizes the importance of cross-border coordination 
to optimize the social, economic, and environmental benefits for member states (Uhlir, 
2003). The IWRM plans of the OMVS included three elements: irrigation, navigation, 
energy (Varis et al., 2008). Existing efforts have not achieved the goals and tasks of 
managing the SRV due to both insufficient capacity and lack of shared knowledge and 
data, in optimizing hydraulic conditions of SRV (Sakho et al., 2017; Uhlir, 2003). 
Additionally, increasing irrigable land and area for crop productivity has been further 
aggravated since adequate capital and knowledge are required to physically transform 
the land use for irrigated agricultural production (Diouf et al., 2015). The SRV region 
has economic potential, with 70% of local people relying on agriculture as their main 
source of income; however, until these challenges are addressed the population could 
face displacement, migration, and food insecurity (Sall et al., 2020). Since the 
implementation of an IWRM for the SRV, the National Society of Senegal River Valley 
and Delta Development (SAED), have faced budget shortfalls and with little funding 
support from governments, the irrigation infrastructure is at risk (Harris et al., 2021). 
The concern with budget constraints, planning, coordination, and implementation 
challenges all affects water availability in the SRV. With a high number of actors and 
stakeholders, comes several challenges that pose a threat to water and food security 
to communities reliant on the SRV. Although an IWRM plan has been prepared for the 
SRV region, the actual implementation of this plan has been slow due to unclear roles 
and responsibilities for each actor, in addition to insufficient funding (USAID-
Sustainable Water Partnership, 2021). The Senegal government’s funding for the 
water sector is limited, and most of the funding is covered by external agencies such 
as the World Food Programme, World Bank, USAID, European Union (USAID-SWP, 
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2021). The reinforcement of both transboundary and national responsibilities is key to 
improving agricultural operations for the SRV region. 
 

 

Table 1: Role and responsibilities of key actors managing the 
Senegal River Valley, adapted from (USAID-SWP, 2021) 

 
 

3. Challenges in ensuring food security 
Water-related challenges: Demand-side 

The challenges of water demand in Senegal present a difficult case for water 
security and agricultural productivity in the SRV region. According to the European 
Commission (2007), water scarcity means the available water resources are 
insufficient to meet the long-term average needs. In other words, it occurs under long-
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term water imbalances, where the water demand exceeds the renewable water 
reserves, coming from natural recharge. The annual renewable water resources in 
Senegal are 38.87 km3, with 25.8 km3 sourced within the country and the annual 
precipitation is around 686 mm (FAO, 2016; Faye et al., 2021). As mentioned in 
Section 2, the seemingly abundant freshwater from SRB, shown by the estimates, 
hides the true state of water scarcity in Senegal. Currently, Senegal’s renewable water 
availability falls below the threshold of 1700 m3/capita/day, classified as a water-
stressed country by FAO, and water withdrawal is expected to rise by 30 to 60 percent 
by 2035 – see Figure 4 (WBG, 2022). It has been challenging to meet the growing 
water demand for irrigation in the SRB, particularly during the dry seasons, and surface 
water alone cannot meet these demands (Faye et al., 2021; WBG, 2022). Due to the 
deterioration of water and significant spatial-temporal variability associated with the 
transboundary nature of SRB and climate change, actual available water may be 
overestimated and may not be sufficient to meet the rapidly growing demand (WBG, 
2022).  

The burden on surface water resources of irrigated farming systems is much 
greater than the traditional ones. Currently, more than 95% of water withdrawal from 
the SRB is used for irrigation in Senegal – see Appendix A. As part of the IWRM, there 
have been several government-led initiatives in converting floodplains to irrigatable 
land (IUCN, 2003). These initiatives include dam construction projects, to reduce the 
vulnerability of food production to climatic variability and rainfall deficits, allowing 
farmers to be less dependent on the rainfall (IUCN, 2003). Transforming floodplains or 
rain-fed cropland into irrigation, which is a common way to drought-proof the crop 
system, can reduce the chance of crop failure under meteorological droughts and dry 
spells, achieving a higher yield than traditional farming (Falkenmark & Rockstrom, 
2004). Because rice is such a water-intensive crop, switching from drought-tolerant 
millet and sorghum to drought-sensitive maize and rice resulted in a higher vapor shift 
and increased irrigation water demand. (FAO, 2000; Falkenmark & Rockstrom, 2004). 

Although it has been challenging to farm in SRV regions, added to irrigated 
agriculture, there are other water management opportunities for agriculture in the SRV 
region. Firstly, rather than solely relying on irrigation water from the SRB, the 
government can implement rainwater catchment projects to maximize the use of 
available rainwater and introduce supplemental irrigation from groundwater in the SRV 
(Falkenmark & Rockstrom, 2004). Additionally, better green water management, 
including enhancing soil infiltration and reducing soil surface evaporation, can reduce 
the demand for irrigation water and the effects of dry spells on traditional farming 
(Falkenmark & Rockstrom, 2004). Ample research also suggested that floodplains 
should be maintained as much as possible although the crop productivity is lower than 
irrigation. Multiple benefits, including the lower inputs of capital and labor, as well as 
the nutrient-rich soil provided for crops, could be enjoyed through recession agriculture 
– see Appendix B (IUCN, 2003; Sall et al., 2020). To determine an optimized proportion 
of floodplains and irrigatable lands, the government could perform a cost-and-benefit 
analysis by taking environmental constraints and economic factors into consideration. 
 
Water-related challenges: Supply-side 

The construction of the dams in the SRV is to sustain the agricultural, energy, 
and navigation purposes of all countries along the river. Conflicting interests, limited 
data, and restricted capacities have all played a role in the complexity of dam 
operations in SRV. Actors upstream of SRV have maximized the Manantali Dam to 
generate hydroelectric power, however, this decision has impacted communities 
downstream of the river, who are dependent on the river and dams for agricultural 
production (Tilmant et al., 2020; Sakho et al., 2017). Although Senegal may share a 
portion of the benefit generated from hydropower generation, the gain from the 
irrigated and recession agriculture has not been optimized in the existing management 
of the dam (Tilmant et al., 2020). The current hydraulic conditions are not favorable for 
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flood-recession cultivation, making the SRV communities that rely on recession 
agriculture the most vulnerable among different parties in SRV (Tilmant et al., 2020). 
Climate events like floods have conflicting perceptions on the benefits and challenges 
of these events among SRV communities. For example, downstream cities like Saint-
Louis have struggled with severe flooding (Uhlir, 2003), whereas other communities 
sustained livelihoods through flood-recession cropping (Uhlir, 2003).  

Before the construction of the Manantali Dam, flood-recession cropping made 
farming operations possible in parts of the Senegal River Valley, particularly in regions 
below Bakel (Uhlir, 2003). One of the two dams, the Manatali Dam, works as a 
reservoir for floods and supports the regulation of river flows for agricultural irrigation 
and hydropower (Sakho et al., 2017). Although the OMVS member states agreed to 
arrange artificial flooding to sustain flood-recession agriculture, the details of actual 
implementation such as the intensity, frequency, and period, have been contested. 
With conflicting interests and perspectives, comes the opportunity to implement a 
multi-objective dam management model (Tilmant et al., 2020). A model like this would 
work to optimize dam management to improve water allocation policies, as well as 
fulfill the needs and maximize the utility of all sectors. Suggestions have also been 
made to implement the Geospatial Stream Flow Model (GeoSFM) established by the 
Famine Early Warning System Network (FEWS NET) program (Uhlir, 2003). This 
model could help provide timely information about flooding in the SRV region. For flood 
events, this model provides an opportunity to enhance institutional knowledge and 
capacity in dam operation management; the tool can support the prediction of timing, 
spatial extent, and volumes levels (Uhlir, 2003). 

 
Conflicting objectives in Agricultural production between government and 
farmers 

Agricultural production in the SRV region has also been challenged by 
conflicting objectives between governments and smallholder farmers. The objective of 
government agricultural policy is to achieve rice self-sufficiency through crop 
intensification and maximizing rice area. However, the objective of smallholders is 
more holistic, by maximizing the area of rice, operating to profit farms, and optimizing 
the use of fertilizers. The focus of smallholder farmers is to achieve self-sufficiency and 
maximize profitability under environmental constraints. As rice production is an 
important and prioritized crop, the high cost and physical risks of rice production should 
not be ignored. Rice is a drought-sensitive crop and cannot grow well in water stress 
regions (Falkenmark & Rockstrom, 2004). This challenge then requires a 
transformation of agricultural operations to fit these requirements by improving 
irrigation systems, capital to invest in pumping equipment, and supporting the 
operating costs of seeds, and fertilizers, compared to rainfed crops like sorghum and 
cowpea (Comas et al., 2012). In the SRV, the main drivers of rice production and crop 
intensification were incentivized by both credits and subsidies provided by the 
government (Brosseau et al., 2021). For small-holder farmers, rice production was 
beneficial for self-consumption, however, a large portion of the return on rice 
production was used to cover cultivation costs and household expenses – see Figure 
6 (ANACIM & WFP, 2012). In these cases, farmers are confronted with the challenge 
of earning a low income, making it difficult to meet basic needs, like covering their 
household expenses. This financial instability has also resulted in farmers relying on a 
credit system to purchase production inputs and soil preparation costs (ANACIM & 
WFP, 2012). However, farmers have shared how vegetable production was beneficial 
to increasing their income and fulfilling both household needs and food security 
(ANACIM & WFP, 2012). This shows the opportunity and potential of vegetable 
production. As part of these conflicting agricultural objectives, the government 
encouraged monocropping (rice-rice production) to increase rice yield per hectare in 
the year (Brosseau et al., 2021).  
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Figure 6: Rice production and flow map, reprinted from (ANACIM & WFP, 2012) 
 
Although the government encouraged and subsidized this practice, local 

farmers face difficulties when cultivating rice in the wet season because vegetables 
are more profitable (Brosseau et al., 2021). In addition to the financial benefits for 
farmers, vegetable production has a lower physical risk compared to rice production 
(Brosseau et al., 2021). Vegetable crops are less vulnerable to diseases and do well 
in humid environments. Hence, the SRV provides suitable conditions for vegetables 
to grow, except for soil with high salinity caused by saltwater intrusion. (Brosseau et 
al., 2021; Tilmant et al., 2020). To improve agricultural practices in SRV regions, the 
perspectives and decisions of smallholder farmers are critical, as they are most 
knowledgeable on local agricultural efficiencies. Farmers shared their preference for 
short-duration rice variety crops, as it gives them an opportunity to reduce 
biophysical risks and the impacts of delayed sowing (Brosseau et al., 2021). 
Additionally, farmers were also found to transition the cultivation of rice from wet 
season to hot dry season and rely on irrigation systems for water, since rice 
produced a higher yield and margin in hot dry seasons, compared to wet seasons 
(Brosseau et al., 2021). This creates a greater opportunity cost if farmers transition 
from double cropping (e.g., rice-vegetation) to monocropping (e.g., rice-rice 
production), given the climate constraints of SRV that affect yield and operational 
costs. Despite the opportunities with vegetable production in SRV, the operational 
capacities are still limited as there are evident gaps in financial resources and 
technical support needed (Brosseau et al., 2021). Governments must assess these 
agricultural trade-offs from a policy perspective, and provide the necessary resources 
for optimal production, such as improving nutrient management, water management, 
soil quality, transportation, infrastructure, and knowledge on operation and markers 
(Brosseau et al., 2021). 

There is also an opportunity for Senegal’s government to promote double 
cropping, to allow the farmers to optimize the crop productivity, which is highly 
dependent on favorable climate conditions (Brosseau et al., 2021). The optimal crop 
rotation practice for rice-vegetable production is rice in the hot dry season, while 
vegetables in the cold wet season. The government is currently boosting the annual 
rice production per hectare and encouraging monocropping – rice is grown in two 
seasons for all croplands to achieve a higher annual rice production – despite climate 
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constraints (Brosseau et al., 2021). Policy-based and technological intervention (i.e., 
agronomic research and technical assistance) in crop intensification should focus on 
the crop yield performance in every harvest instead of by year (i.e., policies could aim 
at promoting rice varieties best adapted to the hot dry season and farming practices 
aiming at increasing rice yields in this season (hot-dry season). Additionally, farmers 
of the SRV region can adopt a more sustainable farming system to increase plant water 
availability, which improves the food system’s resilience to climate risks (Brosseau et 
al., 2021; Falkenmark & Rockstrom, 2004; Jägermeyr et al., 2016). An example of this 
would be by adopting intercropping, water harvesting, and soil moisture conservation; 
all of which are techniques that could maximize soil infiltration, minimize soil 
evaporation, and improve the irrigation system (Brosseau et al., 2021; Falkenmark & 
Rockstrom, 2004; Jägermeyr et al., 2016). 

 
Land-related challenges 

The Land Tenure Security Activity (LTSA) is responsible for the creation of land 
occupancy and use inventory, inclusive process for allocating land, formalized land 
rights, and trained local officials to administer land rights in the Senegal River Basin 
(Harris et al., 2021). LTSA focuses on the reinforcement of the capacity of local 
governments to fulfill their legal obligations as land managers, allowing for future 
opportunities to nudge land governance in Senegal toward transparency and 
decentralized efforts (Elbow et al., 2015). In parts of the SRB, land use and cropping 
intensity is at 78% (below the target of 150%); lack of funding and logistics have 
prevented further intensification (Harris et al., 2021). Changes in settlement patterns 
in the area have also impacted agricultural productivity; the SAED played a role in 
increasing migrant workers to support irrigated agricultural production in the SRV 
(Diouf & Elbow, 2013). However, there have also been incidents of out-migration in 
parts of the SRV where young workers search for employment opportunities in 
urbanized parts of West Africa, as well as Europe (Diouf & Elbow, 2013). This can be 
a result of increased famine and poverty in the area, and where resources are limited 
for agriculture productivity, as well as the impacts of rainfall variability.  

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: Distribution of the affected zones by salination processes, adapted from 

(Diack et al., 2015) 
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Another land-related challenge in agricultural production in the SRV is the 
levels of salinization. During the dry season, the salinity of the water of the river mouth 
increases due to saltwater intrusions, with the impact reaching the SRV at Richard Toll 
– see Figure 7 (Tilmant et al., 2020). The salinity in the SRB is a concern, particularly 
for parts of the Delta, however, this impacts the entire river (USAID-SWP, 2021). High 
levels of salinity have impacted fisheries, increased evaporation, and saltwater 
intrusion – and poor draining capacities have further complicated this (USAID-SWP, 
2021). As a response to this, desalination techniques and tools are necessary to meet 
both water and land demands for agriculture in the SRV. Desalinization techniques 
were able to restore degraded soils for crops and improve land tenure for agricultural 
operations (Diack et al., 2015). With effective desalination techniques, farmers can 
increase arable land and improve soil quality, improving crop and agricultural 
capacities (Diack et al., 2015).  

          
 

4. DPSIR framework and vulnerability to famine risks 
Due to the complexity of the problem, in which economic, social, and 

environmental stressors are interlinked at the nexus of water, land, and food, a DPSIR 
(Drivers-Pressures-State-Impacts-Responses) framework (Kristensen et al., 2004) – 
see Appendix D – is introduced to assess the socio-ecological challenges to food 
security faced by the SRV communities under the government-led policy in boosting 
rice productivity. Using the framework, potential famine risks exposed to the current 
food system can be better understood, which will help to communicate the four key 
elements: exposure, hazards, risk, and vulnerability for policy recommendations. 

Based on the literature review and analysis in Sections 2 and 3, the drivers, 
pressures, states of the environment, impacts, and responses, are identified in the 
following to illustrate the current context and challenges in SRV’s food system – see 
Figure 8. 

 
 

Figure 8: DPSIR Framework for food production in SRV 
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Drivers 
Climate change, population growth, water stress, and domestic food demand 

are the four major driving forces behind the food system’s fragility. Climate change has 
impacted the weather patterns in SRV, which is the most vulnerable region in Senegal 
with the lowest annual average rainfalls. Furthermore, the population tripled between 
1975 and 2015, reaching 14.58 million in 2015, and is expected to reach 19.06 million 
by 2050 (Grid Arendal, 2020). With the increasing population, the demand for water 
and food has been growing. Besides, the renewable water resource in the Senegal 
River is not necessarily able to satisfy the growing water needs for agriculture because 
water availability is susceptible to climate change and deterioration of water quality. As 
for food demand and production, Senegal has been heavily reliant on food imports, 
with only a small share of domestic agricultural outputs. 
 
Pressures 

To limit their dependency on the global food market, the government has 
strived to promote rice self-sufficiency to ensure national food security. However, 
added to the semi-arid climate conditions in SRV, as part of the Sahelian belt, 
agricultural production has also been threatened by climate change, including 
prolonged dry seasons, more frequent droughts, and more unpredictable rainfalls. 
Hence, traditional agriculture – rainfed and flooding-recession farming – has been 
vulnerable to unreliable rainfalls and the high evaporation rate, shifting the agriculture 
system to the drought-proof one, irrigated farming. The transboundary water authority, 
OMVS, was then established to manage and construct the Manantali Dam to meet the 
water demand for irrigation in Senegal and Mauritania, as well as other purposes such 
as power generation and navigation. Based on the integrated plans agreed upon by 
the member states, the dam was designed to create artificial floods in support of 
50,000 hectares of floodplains in SRV. However, the Manantali Dam's operation has 
been prioritized in producing hydroelectric power, at the expense of agriculture 
development and other water purposes in SRV. Apart from that, the Senegalese 
government also has promoted a monocropping system to intensify rice production 
and devoted efforts to maximizing the area of rice cropland. 
 
State 

With current development practices over water management and food 
production, loss of the floodplains’ ecosystem services and overuse of fertilizers in 
irrigated agriculture have deteriorated the water quality of the Senegal River. In 
addition, replacing floodplains with irrigated land has imposed a heavy burden on the 
freshwater resources of SRB. Apart from that, the land and soil quality of SRV are 
highly vulnerable to erosion and salinization because of climate change and the 
region's semi-arid climate. Although irrigation is a way to drought-proof the crop 
system, the problems of increasing soil evaporation and reducing soil infiltration 
remained unsolved and exacerbated by rainfall variability and temperature rise.  

  
Impact 

The rising annual average temperature and increasing inter-annual 
precipitation variability contributed to a higher occurrence and intensity of droughts and 
dry spells in the SRV. The sea-level rise contributed to saltwater intrusion, which 
salinized and degraded the cropland at the lower end of the SRV. The systemic shift 
from recession agriculture to irrigated agriculture led to the imminent withdrawal of 
SRB’s freshwater. The accelerated rate of freshwater depletion placed the SRV and 
agricultural system under intolerable pressure in the long run. Added to that, current 
political goals about rice self-sufficiency are at odds with the farmers’ food production 
objectives. The policymakers of Senegal solely focused on the annual rice production 
per hectare of cropland and failed to recognize the considerable opportunity costs of 
the undesirable rice yield in a particular season, which posed physical risks to the 
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smallholders’ production. Due to the high cost of rice production in SRV, even with 
government subsidies, local farmers are unable to achieve full self-sufficiency, and a 
large portion of the harvest is sold to other provinces to help with household expenses. 
Thus, aligning with government-led initiatives in monocropping would jeopardize the 
SRV farmers’ livelihoods. 
 
Vulnerability and responses 

The earlier discussions described the occurrence of potential hazards 
(impacts) to which food production in SRV communities is exposed. The vulnerability 
of agricultural production, defined as the characteristics of the system that make it 
more susceptible to the adverse effects of hazards, can be divided into two categories: 
environmental vulnerability and social vulnerability. The environmental vulnerability 
includes unsustainable freshwater withdrawal for irrigation, irregular river inflow to SRV 
for irrigation agriculture, insufficient artificial flooding for flood-recession agriculture, 
and inadequate drainage for desalinization, threatening the crop productivity in SRV. 
On the other hand, the social vulnerability, which mainly focuses on political and 
institutional issues in this paper, covers the unequal benefits from the basin resources 
shared with other sectors and other OMVS member states, little recognition of the 
socio-ecological benefits of recession agriculture, and ambitious rice production 
targets regardless of climate and water constraints.  

To reduce the likelihood of famine or food insecurity, the Senegalese 
government needs to take an integrated approach to strengthen the food production 
system in SRV. Coping with environmental vulnerability, sustainable farming strategies 
to reduce reliance on freshwater resources, improved dam operation coordination 
among OMVS member states, and increased provision of technical assistance to 
smallholders make SRV communities less vulnerable to harvest loss and climate-
related risks. In terms of social vulnerability, responses must enhance the institutional 
knowledge of water, soil, and land resource management, optimize the benefits of low-
cost flood-recession agriculture, and improve the existing crop intensification 
strategies. 

 
 

5. Conclusion and recommendations 
 

In this section, we present our findings and recommendations for addressing 
the identified challenges and vulnerabilities in the SRV food production system, as 
illustrated in Table 2. The recommendations mainly highlight the role of the 
Senegalese government in building resilience to the existing SRV’s food production. 
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Table 2: Environmental and social vulnerability of SRV’s food production and the 
corresponding responses for risk reduction 

 
As for Environmental vulnerability, one of the major threats is the huge demand 

and withdrawal of freshwater from SRB for irrigation. Adopting irrigation cropping helps 
boost crop yield by eliminating climate-related risks like droughts and rainfall variability. 
However, the shift in the cropping system transfers the water burden from rainwater to 
freshwater from SRB, which is highly vulnerable if the demand for irrigation water 
keeps growing indefinitely. Hence, the government of Senegal could devise strategies 
to reduce the reliance on freshwater resources, extracted through irrigation, in the 
cropping system by promoting water efficiency and conservation in irrigation, 
strengthening rainwater harvesting, adopting supplemental irrigation from 
groundwater, and improving farming techniques to increase plant water availability. 
These could be done by implementing water catchment projects as well as promoting 
intercropping, water harvesting, and soil moisture conservation. 

Another environmental-related threat is the irregular river inflow and insufficient 
artificial flooding, mainly driven by dam management and operation. As one of the 
OMVS members, the Senegalese government could negotiate and co-manage the 
dam operation with Mauritania and Mali. By establishing a shared database and 
adopting GeoSFM, the institutional knowledge can be enhanced to optimize the 
operation based on more reliable predictions in hydrological conditions of SRB. Aside 
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from that, some of the regions located at the west end of SRV have been susceptible 
to land degradation caused by saltwater intrusion. Inadequate drainage is crucial for 
both irrigation and desalinization of soil. Hence, the national government should work 
with the local government to provide technical assistance in improving the existing 
drainage system. 

In terms of social vulnerability, benefits from the SRB water resources are 
distributed unequally among actors from various sectors, nations, and geographic 
locations, which are primarily controlled by the Manantali Dam. To ensure food security 
and agricultural productivity for Senegal, the government needs to enhance the 
institutional knowledge about the current state of water, land, and soil for agriculture. 
Mapping relevant SRV stakeholders and deepening the understanding of different 
water usage is highly recommended to avoid conflict and optimize resource allocation. 
Subsequently, multi-lateral coordination with other OMVS member states is critical to 
reducing risks of crop failure and ensuring the availability of irrigation water and 
flooding. 

Lack of considering environmental constraints, beyond the amount of arable 
land, is another institutional factor that led to the loss of flood plains, together with its 
socio-ecological benefits – see Appendix B. The government-led initiatives focus on 
irrigated cropping while recession agriculture is often underappreciated. Although 
recession agriculture produces less crop per hectare of land, it is less capital- and 
labor-intensive as well as maintains nutrient-rich soil from flooding. Thus, the 
government should improve the watershed management and irrigation planning, 
based on the cost-benefit analysis of different cropping systems along the SRV. 

Currently, there is a significant gap between crop productivity and the ambitious 
rice production targets. This implied the government lacked the capacity to design and 
implement agricultural policies that are compatible with the goals of smallholders’ food 
production. The government has promoted the farmers to have rice cropping in both 
the hot-dry season and wet-cold season to intensify the rice production in the same 
amount of land. Although the annual rice production per hectare increased, the crop 
productivity for the unfavorable season (wet-cold in this case) is poor. Following the 
current crop intensification initiatives would lead to unsustainable livelihood because 
of the low farm profitability and food insecurity. Hence, policymakers and decision-
makers should implement policy and technological interventions based on agronomic 
research, through the investigation of crop performance under various environmental 
limitations. The country can benefit from improving crop intensification strategies by 
considering climate conditions, soil quality, water, and land resources. As mentioned 
in Section 3, moving toward vegetable cropping in the wet-cold season could be a way 
to secure food production. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 



 16

APPENDIX A 
 

Overview of the hydraulic potential of surface water, reprinted from (WBG, 2022) 
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APPENDIX B 
 

Recession and Irrigation Agriculture Comparison, reprinted from (IUCN, 2003) 
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APPENDIX C 
 

Benefit-sharing arrangement between OMVS member states, reprinted from (Niasse, n.d.) 
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APPENDIX D 
 

Definition of DPSIR Framework elements, adapted from (Sanon et al., 2020) 
 

Definitions of DPSIR 

Drivers  Agents or processes dominate the system’s dynamics in such a 
way that they are unavoidable factors of change to ecosystems or 
human activities, including social, demographic, and economic 
development. As such, they profoundly influence nature and 
society. 

Pressure Direct results of the drivers. They can be human actions in 
response to the driver that affect aquatic ecosystems or effects of 
the driver in the case of natural drivers. 

State Quantitative or qualitative indicators that describe a component of 
the ecosystem of interest. 

Impact The effects of changes in the state on the ecosystem components. 

Responses The measures that are taken to improve the state of water bodies 
and to ensure the provision of ecosystem services. They can be 
also policies to prevent, mitigate, or adapt to the impacts triggered 
by the alterations of environmental states. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



 20

References 

Adams, A. (2000). The Senegal River: Flood management and the future of the valley. 
https://pubs.iied.org/sites/default/files/pdfs/migrate/7419IIED.pdf 

Agence Nationale de l’Aviation Civile et de la Météorologie (ANACIM), & World Food 
Programme (WFP). (2012). Climate risk and food security in Senegal: Analysis of 
climate impacts on food security and livelihoods Senegalese National Agency for 
Civil Aviation and. https://www.uncclearn.org/wp-content/uploads/library/wfp10.pdf 

Arnoldus, M., Kyd, K., Chapusette, P., van der Pol, F., & Clausen, B. (2021). Senegal 
Agricultural Value Chain Study. 
https://www.rvo.nl/sites/default/files/2021/02/Senegal-Agricultural-Value-Chain-
Study.pdf 

Asselin, O., & Poulsen, E. (2015). Senegal landscape analysis. United States Agency for 
International Development (USAID). http://ingenaes.illinois.edu/wp-
content/uploads/ING-Landscape-Study-2016-Senegal-published-2015_12_20.pdf 

Bodian, A., Diop, L., Panthou, G., Dacosta, H., Deme, A., Dezetter, A., Ndiaye, P. M., Diouf, 
I., & Vischel, T. (2020). Recent trend in hydroclimatic conditions in the Senegal River 
basin. Water, 12(2), 436. https://doi.org/10.3390/w12020436 

Brosseau, A., Saito, K., van Oort, P. A. J., Diagne, M., Valbuena, D., & Groot, J. C. J. 
(2021). Exploring opportunities for diversification of smallholders’ rice-based farming 
systems in the Senegal River Valley. Agricultural Systems, 193(103211), 103211. 
https://doi.org/10.1016/j.agsy.2021.103211 

Chandrasekaran, P. T., Javaid, M. S., & Sadiq, A. (Eds.). (2021). Resources of water. 
IntechOpen. 

Comas, J., Connor, D., Isselmou, M. E. M., Mateos, L., & Gómez-Macpherson, H. (2012). 
Why has small-scale irrigation not responded to expectations with traditional 
subsistence farmers along the Senegal River in Mauritania? Agricultural 
Systems, 110, 152–161. https://doi.org/10.1016/j.agsy.2012.04.002 

Danièle, C., Verger, E., & Guetat-Bernard, H. (2020). Expanding and intensifying rice 
production consequences on agrobiodiversity management and diet quality. A 
situated transdisciplinary gendered analysis in Senegal Middle Valley River. 
https://halshs.archives-ouvertes.fr/hal-02949499/ 

Degeorges, A., & Reilly, B. K. (2006). Dams and large scale irrigation on the Senegal River: 
impacts on man and the environment. The International Journal of Environmental 
Studies, 63(5), 633–644. https://doi.org/10.1080/00207230600963296 

Diack, M., Diop, T., & Ndiaye, R. (2015). Restoration of degraded lands affected by 
salinization process under climate change conditions: Impacts on food security in the 
Senegal River Valley. In Sustainable Intensification to Advance Food Security and 
Enhance Climate Resilience in Africa (pp. 275–288). Springer International 
Publishing. 



 21

Diop, S., & Scheren, P. (2021). Climate change and water resources in Africa: Perspectives 
and solutions towards an imminent water crisis (A. & Niang, Ed.). Springer 
International Publishing. 

Diouf, A., & Elbow, K. (2013) . Achieving Fair and Transparent Land Allocation of High-Value 
Agricultural Lands in the Senegal River Valley: The Delicate Question of Selecting 
Project Beneficiaries. Millennium Challenge Corporation. 

Diouf, A., Elbow, K., & Seck, O. K. (2015). Large Scale Investments in Irrigated Agricultural 
Production in the Senegal River Valley: Making the Most of Opportunities to Expand 
Decentralized and Participatory Land Governance. World Bank. 
https://assets.mcc.gov/content/uploads/2017/05/paper-2013001132001-world-bank-
fair-allocation.pdf 

Djaman, K., Balde, A. B., Rudnick, D. R., Ndiaye, O., & Irmak, S. (2017). Long-term trend 
analysis in climate variables and agricultural adaptation strategies to climate change 
in the Senegal River Basin: LONG-TERM CLIMATE VARIABLES AND 
ADAPTATION CHANGE IN THE SENEGAL RIVER BASIN. International Journal of 
Climatology: A Journal of the Royal Meteorological Society, 37(6), 2873–2888. 
https://doi.org/10.1002/joc.4885 

European Commission. (2007). Water Scarcity and Droughts Second Interim report. 
https://ec.europa.eu/environment/water/quantity/pdf/comm_droughts/2nd_int_report.
pdf 

Falkenmark, M., & Rockstrom, J. (2004). Balancing water for humans and nature: The new 
approach in ecohydrology. Earthscan. 

Faye, C., Sow, A. A., & Dieye, S. (2021). Water management policy for freshwater security 
in the context of climate change in Senegal. In Climate Change and Water 
Resources in Africa (pp. 255–276). Springer International Publishing. 

Food and Agriculture Organization (FAO). (2000). Faostat: FAO Statistical Databases. Food 
& Agriculture Organization of the United Nations (FAO). 
https://www.fao.org/faostat/en/ 

Gemmill-Herren, B., van Dis, R., Ndiaye, T., Sene, J. M. W., Yimer, H., Zuellich, G., & Sene, 
S. O. (2020). A Holistic Lens on Rice Value Chain Pathways in Senegal: Application 
of “The Economics of Ecosystems and Biodiversity for Agriculture and Food” 
Framework. http://teebweb.org/wp-content/uploads/2020/09/Senegal-Rice-LC.pdf 

Gobin, A., Jones, R., Kirkby, M., Campling, P., Govers, G., Kosmas, C., & Gentile, A. R. 
(2004). Indicators for pan-European assessment and monitoring of soil erosion by 
water. Environmental Science & Policy, 7(1), 25–38. 
https://doi.org/10.1016/j.envsci.2003.09.004 

Grid Arendal. (2020). Population Growth, Senegal, 1975-2025. Grid Arendal. 
https://www.grida.no/resources/14160 

Harris, A., Leser, S., Kandji, A., & Hughes, S. M. (2021). Senegal’s Irrigation and Water 
Resources Management Project at Five Years Post-Compact: Findings from a 
Mixed-Methods Evaluation. https://www.mathematica.org/publications/senegals-
irrigation-and-water-resources-management-project-at-five-years-post-compact 



 22

Hathie, I., Seydi, B., Samaké, L., & Sakho-Jimbira, S. (2017). Ending rural hunger: The case 
of Senegal. https://www.brookings.edu/wp-content/uploads/2017/10/senegal-erh-
policy-brief.pdf 

International Union for Conservation of Nature. (2003). The Senegal River: Release of an 
artificial flood to maintain traditional floodplain production systems. 
https://www.iucn.org/sites/dev/files/import/downloads/senegal.pdf 

Jägermeyr, J., Gerten, D., Schaphoff, S., Heinke, J., Lucht, W., & Rockström, J. (2016). 
Integrated crop water management might sustainably halve the global food 
gap. Environmental Research Letters, 11(2), 025002. https://doi.org/10.1088/1748-
9326/11/2/025002 

Kristensen, P., Kumashiro, T., Futakuchi, K., & Sié, M. (2004). The DPSIR 
framework. National Environmental Research Institute, Denmark, 10. 

Krupnik, T. J., Shennan, C., Settle, W. H., Demont, M., Ndiaye, A. B., & Rodenburg, J. 
(2012). Improving irrigated rice production in the Senegal River Valley through 
experiential learning and innovation. Agricultural Systems, 109, 101–112. 
https://doi.org/10.1016/j.agsy.2012.01.008 

Magistro, J. V. (1993). Crossing over : Ethnicity and transboundary conflict in the Senegal 
River Valley. Cahiers d’etudes Africaines, 33(130), 201–232. 
https://doi.org/10.3406/cea.1993.1518 

Mietton, M., Dumas, D., Hamerlynck, O., Kane, A., Coly, A., Duvail, S., Pesneaud, F., & 
Baba, M. L. O. (2007). Water management in the Senegal River Delta: a continuing 
uncertainty. https://doi.org/10.5194/hessd-4-4297-2007 

Moss, C., Mbaye, S., Naseem, A., & Oehmke, J. (2018). Did the Plan Sénégal Emergent 
affect cropping decisions in the Senegal river basin? Economies, 6(3), 42. 
https://doi.org/10.3390/economies6030042 

Niasse, M. (n.d.). Integrated management of the Senegal River. Retrieved April 17, 2022, 
from https://www.iucn.org/sites/dev/files/import/downloads/senegal_1.pdf 

Overseas Development Institute, & Climate and Development Knowledge Network. 
(2014). The IPCC’s Fifth Assessment Report: What’s in it for 
Africa? https://cdkn.org/sites/default/files/files/AR5_IPCC_Whats_in_it_for_Africa.pdf 

Poussin, J.-C., Diallo, Y., Legoupil, J.-C., & Sow, A. (2005). Increase in rice productivity in 
the Senegal River valley due to improved collective management of irrigation 
schemes. Agronomy for Sustainable Development, 25(2), 225–236. 
https://doi.org/10.1051/agro:2005021 

Rubert, A., & Beetlestone, P. (2014). Tools to improve the management of transboundary 
river basins for disaster risk reduction. Water Science & Technology: Water 
Supply, 14(4), 698–707. https://doi.org/10.2166/ws.2014.023 

Sakho, I., Dupont, J.-P., Cisse, M. T., Janyani, S. E., & Loum, S. (2017). Hydrological 
responses to rainfall variability and dam construction: a case study of the upper 
Senegal River basin. Environmental Earth Sciences, 76(6). 
https://doi.org/10.1007/s12665-017-6570-4 



 23

Sall, M., Poussin, J.-C., Bossa, A. Y., Ndiaye, R., Cissé, M., Martin, D., Bader, J.-C., Sultan, 
B., & Ogilvie, A. (2020). Water constraints and flood-recession agriculture in the 
Senegal River Valley. Atmosphere, 11(11), 1192. 
https://doi.org/10.3390/atmos11111192 

Sanon, V.-P., Toé, P., Caballer Revenga, J., El Bilali, H., Hundscheid, L., Kulakowska, M., 
Magnuszewski, P., Meulenbroek, P., Paillaugue, J., Sendzimir, J., Slezak, G., Vogel, 
S., & Melcher, A. (2020). Multiple-line identification of Socio-ecological stressors 
affecting aquatic ecosystems in semi-arid countries: Implications for sustainable 
management of fisheries in sub-Saharan Africa. Water, 12(6), 1518. 
https://doi.org/10.3390/w12061518 

Tanaka, A., Diagne, M., & Saito, K. (2015). Causes of yield stagnation in irrigated lowland 
rice systems in the Senegal River Valley: Application of dichotomous decision tree 
analysis. Field Crops Research, 176, 99–107. 
https://doi.org/10.1016/j.fcr.2015.02.020 

The Bureau for Food Security, United States Agency for International Development 
(BFS/USAID). (2016). Climate-smart agriculture (CSA) in Senegal. International 
Center for Tropical Agriculture (CIAT); Bureau for Food Security, United States 
Agency for International Development (BFS/USAID). 
https://climateknowledgeportal.worldbank.org/sites/default/files/2019-
06/SENEGAL_CSA_Profile.pdf 

The World Bank Group. (2011). Vulnerability, Risk Reduction, and Adaptation to Climate 
Change: Senegal. 
https://climateknowledgeportal.worldbank.org/sites/default/files/2018-
10/wb_gfdrr_climate_change_country_profile_for_SEN.pdf 

The World Bank Group. (2022). Challenges and recommendations for water security in 
Senegal at national level and in the Dakar-mbour-thiès triangle. 
https://documents1.worldbank.org/curated/en/099625003082251396/pdf/P1722330b
b79db04d0993305b34176c0341.pdf 

Tilmant, A., Pina, J., Salman, M., Casarotto, C., Ledbi, F., & Pek, E. (2020). Probabilistic 
trade-off assessment between competing and vulnerable water users – The case of 
the Senegal River basin. Journal of Hydrology, 587(124915), 124915. 
https://doi.org/10.1016/j.jhydrol.2020.124915 

Tremblay, G. (2016). Adaptation strategies in the valley of the Senegal river: A social 
approach to dealing with climate change in Senegal. In Agricultural Adaptation to 
Climate Change (pp. 185–198). Springer International Publishing. 

Uhlir, P. F. (2003). Scientific data for decision making toward sustainable development: 
Senegal river basin case study. National Academies Press. 
https://doi.org/10.17226/10546 

USAID-Sustainable Water Partnership. (2021). Water Resources Profile Series: Senegal 
Water Resources Profile Overview. USAID. 
https://www.globalwaters.org/resources/assets/senegal-water-resources-profile 

Varis, O., & Lahtela, V. (2002). Integrated water resources management along the Senegal 
river: Introducing an analytical framework. International Journal of Water Resources 
Development, 18(4), 501–521. https://doi.org/10.1080/0790062022000017374 



 24

Varis, O., Rahaman, M. M., & Stucki, V. (2008). The rocky road from integrated plans to 
implementation: Lessons learned from the Mekong and Senegal river 
basins. International Journal of Water Resources Development, 24(1), 103–121. 
https://doi.org/10.1080/07900620701723307 

Vedeld, T., Coly, A., Ndour, N. M., & Hellevik, S. (2016). Climate adaptation at what scale? 
Multi-level governance, resilience, and coproduction in Saint Louis, Senegal. Natural 
Hazards (Dordrecht, Netherlands), 82(S2), 173–199. https://doi.org/10.1007/s11069-
015-1875-7 

Wuehler, S., & Wane, C. T. (2011). Situational analysis on infant and young child nutrition 
policies and programmatic activities in Senegal. Maternal & Child Nutrition, 7, 157-
181. 

Zamudio, A. N., & Terton, A. (2016). Review of current and planned adaptation action in 
Senegal. https://www.iisd.org/system/files/publications/idl-55877-senegal.pdf 

 


