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PREFACE 
 
The reports in this special series are the result of a multi-country research activities conducted 
under the GEF funded project: Climate Change Impacts on and Adaptation of Agro-
ecological Systems in Africa. The main goal of the project was to develop multipliable 
analytical methods and procedures to assess quantitatively how climate affects current 
agricultural systems in Africa, predict how these systems may be affected in the future by 
climate change under various global warming scenarios, and suggest what role adaptation 
could play. The project has been implemented in 11 countries: Burkina Faso, Cameroon, 
Ghana, Niger and Senegal in west Africa; Egypt in north Africa; Ethiopia and Kenya in east 
Africa and South Africa, Zambia, and Zimbabwe in southern Africa. The study countries 
covered all key agro-climatic zones and farming systems in Africa. This is the first analysis 
of climate impacts and adaptation in the Africa continent of such scale and the first in the 
world to combine cross-country, spatially referenced survey and climatic data for conducting 
this type of analysis. 
 
The analyses reported in this series focus mainly on quantitative assessment of the economic 
impacts of climate change on agriculture and the farming communities in Africa, based on 
both the cross-sectional (Ricardian) method and crop response simulation modeling. The 
cross sectional analysis also allowed for assessing the possible role of adaptation. Moreover, 
the project employed river-basin hydrology modeling to generate additional climate attributes 
for the impact assessment and climate scenario analyses such as surface runoff and 
streamflow for all districts in the study countries. 
 
The Centre for Environmental Economics and policy in Africa (CEEPA) of the University of 
Pretoria coordinated all project activities in close collaboration with many agencies in the 
involved countries, the Agriculture and Rural Development (ARD) Department of the World 
Bank, the World Bank Institute (WBI), the Food and Agriculture Organization (FAO), Yale 
University, the University of Colorado, and the International Water Management Institute 
(IWMI). The project received supplemental funding from TFESSD, Finnish TF, NOAA-
OPG, and CEEPA. We are grateful for the invaluable contributions of all these institutions 
and all individuals involved in this project. All opinions presented in this report series and 
any errors in it are those of the authors and do not represent the opinion of any of the above 
listed agencies. 
 
 
Rashid Hassan, Project Leader   Ar iel Dinar , Project Manager 
CEEPA, University of Pretor ia   ARD, Wor ld Bank 
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EXECUTIVE SUMMARY 

This study examines the economic impact of climate change on small farmers’  net revenue in 
Senegal. The purpose of the study is to understand how climate affects current Senegalese 
farmers. Agriculture in Senegal is mainly dependent on rainfall conditions. Farmlands 
represent only 19% of the country’s area (3.8 million hectares). Annually an average of about 
2.5 million hectares (65% of the farmlands) is farmed, among which 98% is rainfed and 2% 
irrigated. It is a particularly extensive agriculture, based essentially on the activity of the 
small rainfed farms (£ 1 ha) which concern almost all the rural households.  

Traditional agriculture does not practice irrigation. Three uses of water are known: the 
flooded rice growing in Casamance (in the southern part of the country), the truck farming in 
the Niayes zone, and the subsidence agriculture in the dry season along the river valleys 
(Senegal, Gambia and Casamance). The agricultural sector contributes only 8% of GDP, and 
occupies 59% of the working population (DPS 2004). It is actually an overcrowded sector, 
and the growth rate of agricultural production (2.4%) is lower than the population growth.  

The study was undertaken during the 2002 agricultural season, which was marked by poor 
production because of a long dry spell throughout the country between the beginning of July 
and 10 August.  

This study uses the Ricardian method to measure how climate affects net revenues. Using 
empirical data about current farmers, it is designed to predict how climate change is likely to 
affect future farmers in Senegal. The Ricardian method is a cross-sectional technique that 
measures the factors that determine farmers’  net revenues (Mendelsohn et al. 1994). An 
inquiry into 1080 sampled households, distributed across many different climate zones so that 
there would be a great deal of climate variation, shows that farmers in Senegal have a low net 
revenue and suggests that small rainfed farms are highly vulnerable to climate change. The 
Ricardian models used show that net revenue depends on crop harvest, humidity and 
temperature. The study also reveals that farmers have several ways of adapting to climatic 
constraints: diversifying crops, choosing crops with a short growing cycle, weeding early in 
the north and late in the south, praying, and so on. 

Section 1 briefly reviews the theory behind the damage caused by climate change and the 
general agro-economical situation of the country. Section 2 discusses physical aspects of the 
country and Section 3 the general characteristics of the agriculture. Section 4 describes the 
analytic framework for Ricardian method and reviews the literature. Section 5 presents the 
regression models and the results. Section 6 examines the marginal impacts of climate 
variables on net revenue and Section 7 the farmers’  adaptations to climate change. Section 8 
concludes with policy implications and general observations. 
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1. Introduction 

The scientific community today agrees to recognize that the climate changes observed in 
some decades are largely connected human activities that generate emissions leading to 
greenhouse effects. In their third evaluative report, the intergovernmental group of experts on 
climate change (GIEC 2001) asserted that during the 20th century the average temperature of 
the planet increased from 02°C to 0.6°C. The transformation of the global environment is due 
to many factors, including (1) decrease of the ozone, (2) destruction of tropical forests and (3) 
acid deposits and concentration of gases. These factors lead to an increase in global 
temperatures.  

Environmental change globally is linked to complex social, economic, political and scientific 
factors. Even if we cannot attribute climate change solely to human activity, there is no doubt 
that natural fluctuations in the climate have a significant effect on the ecology and the 
economic world (Silver 1992). The largest predicted damages from climate change are to the 
agricultural sector in sub-Saharan Africa. Agriculture is predicted to be especially vulnerable 
in this region because it already endures high heat and low precipitation, because it is a large 
fraction of the economy, and because it relies on relatively basic technologies (McCarthy et 
al. 2001). However, despite these predictions, relatively few economic studies have tried to 
quantify the damage to African agriculture using African data (Kurukulasuriya & Rosenthal 
2003).  

Senegal does not escape this rule. Located in West Africa, Senegal is one of the Sahelian 
countries whose geographical position provides many opportunities for trading agricultural 
products with the rest of the world. The Senegalese economy is heavy dependent on 
agriculture. From 1960 to 2003, on average 59% of the population was primarily employed in 
agriculture, which accounted for 10% of GDP (Gross Domestic Product) and generated 35% 
of all exports. This dependence reflects the heavy emphasis on the agricultural sector and the 
limited strength of the industrial sector. This is particularly problematic given that the 
agricultural sector is in decline: from 1960 to 2003, Senegal’s GDP increased from 159 to 
3761 billion CFA francs whereas the agricultural GDP decreased from 500 to 303 billion 
CFA francs. The average growth rate of Senegal’s GDP was 1.5% between 1960 and 1973 
and 2.6% between 1973 and 2003. During this 44-year period, Senegal’s GDP slowly 
increased, while the agricultural GDP decreased, and the population continued to increase. 
The GDP per capita, therefore, decreased at an annual rate of 0.5% between 1960 and 2003. 
The agricultural sector now contributes only 8% of the GDP and involves 59% of the 
working population (DPS 2004). The important cereals produced in Senegal are 
millet/sorghum, maize and rice with respective yields of 670,843 tons, 108,233 tons and 
162,228 tons in 1995. While increasing at an annual average rate of 1.62%, total food 
production did not keep up with the population growth until the early 1970s. This situation 
led to uncertainty in food availability and an overall poor economic performance.  

A few studies on the agronomic sector mention that warming would have the largest effect 
(Rosenzweig & Parry 1994). However, they do not tell us everything about how farmers 
might respond to warming and what the real economic impacts would be. It is important to 
stress that the development of the agricultural sector is the way sub-Saharan countries can 
achieve self-sufficiency. This development would be realizable if the effects of climate 
change, particularly on crops, were known so as to make it possible to develop strategies for 
adapting.  
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This study uses the Ricardian method to measure how climate affects net revenues in 
Senegal. The Ricardian method is a cross-sectional approach that measures how net revenues 
are affected by climate change (Mendelsohn et al. 1994, 1996; Mendelsohn & Dinar 2003). 
Such knowledge can not only improve farmers’  yields but also oblige them to adopt adequate 
strategies for facing climate change. 

The main purpose of the study is to analyze the impact of climate change on Senegalese 
agriculture. The specific objectives are to determine domestic agricultural supply and its 
sensitivity to changes in crops, technology and other factors, to assess the effect of climate 
change on rural income, and to examine adaptation strategies.  

 

2. Physical aspects of the country 

Senegal is a flat country, with an altitude of not more than 130 meters, with the exception of 
the southeastern region which reaches 581 meters. Its climate is influenced by geographic 
factors such as its 700km-long coastline and atmospheric conditions such as the effects of the 
coastal trade wind, the harmattan and the monsoon. It has a very diversified natural 
landscape, with an annual rainfall which increases from north to south, and the varied density 
of the river system and the vegetation.  

The soils, which have a sandy texture and are generally poor, are not very highly evolved, 
tropical ferruginous and ferralitic types. The structure of the soils depends on the rains, the 
bedrock and the relief (Michel & Sall 2000). Generally, light and sandy soils are found in the 
north half of the country, whereas the heavy ferruginous soil are mostly found in the southern 
half. Bush fires and wind erosion affect the agronomic potential of the soils. 

 

2.1 Agricultural value of soils  

The potential cropping area is 3.8 million hectares and represents 19% of the country’s total 
area. The annual farmed area is about 2.5 million hectares (65% of the potential cropping 
area), divided into rainfed (98%) and irrigated (2%) farmlands. The highest concentration of 
farms (Badiane, 1999) is in the peanut basin (81%) and the Niayes (65%), whereas 
Casamance and eastern Senegal have a 40% concentration. Forests, savannas and classified 
zones represent 32% of the country’s area (6,324,000 hectares), and the unclassified zones 
and unfarmed lands represent 49% (9,542,000 hectares).  

The soil analysis gives an idea of its management and use, and the distribution is shown in 
Map 1. The major soils are the following. 

The arenosols are sandy soils, developed in residual sands, usually quartz-rich soil material 
or rock, and soils developed in recently deposited sands such as occur in deserts and on 
beaches. They are found in agricultural areas and are easy to work but generally poor. They 
need to be fertilized with organic or mineral matter. Most arenosols in the dry zone are used 
for extensive grazing, but they could be used for arable cropping if irrigated. 

The vertisols are good for agriculture because of their heavy texture and richness in 
extractable bases. They have great potential if irrigated. These soils form deep wide cracks 
from the surface downward when they dry out. Vertisols become very hard in the dry season 
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and are sticky in the wet season. Tillage is difficult, except for a short period at the transition 
between the wet and dry seasons. But vertisols are productive if properly managed. Their 
physical characteristics and notably the difficulty of water management are the main 
problem. 

The gleysols are wetland soils that, unless drained, are saturated with groundwater for long 
enough periods to develop a characteristic ‘gleyic’  color pattern, essentially of reddish, 
brownish or yellowish colors at the surface and/or in the upper layers, with greyish/bluish 
colors deeper in the soil. These are also known as ‘groundwater’  ‘hydromorphic’  soils. They 
are found in lowland areas with shallow groundwater. The main problem with gleysols can be 
the need to install a drainage system, but they can be used for arable cropping, rice culture, 
dairy farming or horticulture. 

The ferralsols are not deep and cannot be used for agriculture. But they can be used for cattle 
management.  

The solonchaks include soils that have a high concentration of soluble salts. They are largely 
confined to the arid and semi-arid climatic zones and to the coastal regions in all climates. 
They have a limited potential for cultivation of salt-tolerant crops. Many of them are only 
used for low volume crops. 

The luvisols are soils whose dominant characteristic is marked textural differences within the 
soil profile. There is a depletion of clay at the surface and an accumulation in the subsurface. 
Luvisols with a good internal drainage are potentially suitable for a wide range of agricultural 
uses because they are at a moderate stage of weathering and have a high base saturation. 

The nitosols are deep, well-drained, red tropical soils with a subsurface of more than 30% 
clay. Nitosols are strongly weathered soils, but more productive than most other red tropical 
soils. They are deep, stable soils with favorable physical properties. During the dry season 
they are hard and very friable. Gravel or stones are rare but fine iron-manganese concretions 
may be present. These soils are used for tree crops and are generally considered to be rich. 

The cambisols are less common in the tropics and subtropics. They are found in a few areas 
in the southern part of the country. They make good agricultural land and are intensively 
used. 

The regosols are found in a small area in the northeastern part of the country. Some are used 
for capital-intensive irrigated farming but most commonly they are used for low volume 
grazing. In the steppic region regosols need irrigation for growing crops. 

The planosols, found in a small area of eastern Senegal, are poor soils and not suitable for 
agriculture.  

 

2.2 General characteristics of the Senegalese climate  

2.2.1 General conditions  

Senegal lies in the Sudano-Sahelian zone. A combination of geographic and atmospheric 
factors determines its climatic distribution. Most important are the latitude, which gives the 
country its tropical character, and the exposure to the ocean, which accounts for the climatic 
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difference between the littoral and the interior lands. The differences in climate are also 
caused by the three winds (marine trade wind, continental wind and monsoon), whose 
movements are facilitated by a flat and monotonous relief (Leroux & Sagna 2000).  

The rainy season is between May and October – lasting six months in the south and three 
months in the north. The rainfall distribution shows a north/south gradient. One of the basic 
characteristics of the rainfall in Senegal is the strong inter- and intra-annual variability. A 
continuous decrease has been observed since the end of the 1960s. Figures 1 and 2 show the 
precipitation trends across the country. Diourbel is located in the central region and Kolda in 
the south. We can see a general decreasing trend in the annual precipitation between 1950 
and 2002, with marked inter-annual variability.  

The increasing temperatures are permanently bound to the tropical latitudes. Temperatures 
vary according to the place and the seasons. But the average temperatures allow us to 
distinguish at least two regions: a wide littoral zone in the north-west, with low temperatures 
during the dry season (because of the influence of the ocean) and the inlands characterized by 
high mean temperatures. 

Figures 3 and 4 show how the recent evolution of climate in Senegal is also characterized by 
a small increase in the annual temperatures.  

 

2.2.2 The climatic regions  

There are four main climatic regions in Senegal:  

·  the maritime trade wind region characterized by low temperatures from November to 
May in the north coastal zone,  

·  the Sahelian region in the north of the country with low annual rainfall (100–400mm),  

·  the Sudanese region in the centre with annual rainfall between 500mm and 800 mm, 
and 

·  the Guinean region in the south with more than 800mm annual rainfall. 

The Sudanese region is the largest, subdivided into the northern, southern and Atlantic 
Sudanese regions. These climatic regions are classified according to their different 
temperature and rainfall patterns (Leroux & Sagna 2000).  

The ‘stable’  maritime trade wind region involves only the northern coast of Senegal. The 
rainfall here results from winds of polar origin in winter and the monsoon in summer. The 
proximity of the ocean makes temperatures fresh and keeps the temperature range small. The 
relative humidity is fairly high and the average annual rainfall is 408mm and it is unevenly 
distributed. For example, Dakar recorded 485mm and Saint-Louis 332 mm for the period 
1898–2003 (Appendix 2). 

The Sahelian region, between isohyets 100mm and 400mm, is the driest and the warmest part 
of Senegal (Appendix 3). Rains are stormy, violent and irregular. There are strong seasonal 
contrasts, with a warm rainy season and a relatively cold dry season, especially at nights. The 
average annual relative humidity is low (45.38%). 
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The north Sudanese region (Appendix 4) records rainfall between 500mm and 800 mm and is 
swept by the continental trade wind called the harmattan for four to five months of the year. 
In this region, 80% of rain is due to the ‘squall lines’ . The temperatures are fairly high in the 
dry season, and moderate during the rainy season. 

The south-Sudanese region (Appendices 5 & 6) is wet because of the monsoon for more than 
eight months of the year. The average annual rainfall is over 800mm. This high rainfall 
accounts for the reduction in temperature during the rainy season and the bimodal character 
of the thermic regime.  

The Atlantic Sudanese region (Appendices 7 and 8) is a littoral variant of the Sudanese 
region. It covers the area from Dakar to Casamance and is characterized by the alternation 
between the maritime trade wind and the monsoon, unlike the inland regions where the 
monsoon alternates with the hot and dry eastern winds. Temperatures are moderate along the 
littoral zone because of the influence of the Atlantic Ocean. However, a north/south gradient 
in rainfall is observed here (Appendices 9, 10 and11). The humidity is high throughout this 
region. 

 

3. Agr iculture 

3.1 General characteristics  

The farming sector occupies an important place in the Senegalese economy because of the 
high proportion of the population it involves and its contribution to the GDP. It occupies 
about 70% of the working population and covers 2,300,000 ha. It contributed 18.8% to the 
GDP over the period 1960 to 1986 and 11% between 1987–1993, and contributes 8% today 
(DPS 2004). This decline in the contribution of the farming sector is mainly due to the 
consecutive years of drought. Senegal has essentially rainfed farming that represents 98% of 
the farmlands (Map 2). Rainfed agriculture depends heavily on climatic conditions: the 
duration of the season and the distribution and abundance of rains. Yields and produce are 
directly subject to the climatic risk. The risk of drought is particularly high in the northern 
half of the country.  

The dependence of the agriculture on climatic conditions to a large extent explains the 
accelerating rural exodus: people leave their villages for the cities, searching for better living 
conditions. The agriculture is particularly extensive, based on small scale farms, and 
traditionally does not practice irrigation. Irrigation is practiced essentially during the dry 
season in the Niayes valley, for market gardening, and in the Senegal River valley, for 
subsistence farming.  

A further reason for the decline in the agricultural sector was the disengagement of the 
government in 1984, which had as its immediate consequence a decline in the level of 
equipment on farms and a reduction in the available funds and the availability and quality of 
seeds and fertilizers. 

The main crops grown in Senegal are groundnuts, cotton, sugar cane and tomatoes (which are 
market crops) and millet, sorghum, maize, beans and rice (which are food crops). The two 
main crops, in terms of cropped area and yield, are millet and groundnuts (Tables 2 to 4). 
Some other crops are cassava, vegetables and fruit. 
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3.2 The farms  

According to the national census of agriculture (1998–1999), 437,037 rainfed farms were 
listed in the national territory, with the exception of the region of Ziguinchor and the district 
of Diattacounda in the department of Sédhiou (in the region of Kolda). The total rainfed 
cropped area was estimated at 1,877,684 hectares during the 1998/99 agricultural season 
(RNA 2000). 

 

3.3 Spatial distribution of the farms and cultivated areas 

About 45% of the farms are in the regions of Kaolack, Saint-Louis and Thies (approximately 
15% each). The regions of Kolda, Fatick and Louga follow with 11% each and the regions of 
Diourbel and Tambacounda have about 9% each. The Dakar region does not have rainfed 
crops, and has only 1.1% of the farms. On the other hand, it has very intense market garden 
activity throughout the year, notably in the region of Niayes.  

Considering the spatial distribution of the cropped area, we notice strong disparities between 
the regions. For example, Kaolack has 28.5% of the cropped area for 15.3% of farms, 
whereas Saint-Louis has only 5% of the cropped area with the same percentage of farms 
(15.3%). Dakar has only 0.14% of the cropped area. The average size of farms is 4.3 hectares. 
Approximately 20.9% of the farms have less than one hectare represent and 50.7%. have 
between one and three hectares. A few (7.9%) have ten to 20 hectares, and only 1.4% have 
more than 20 hectares (RNA 2000). 

 

3.4 Subsistence crops  

Cereals are the main crops in Senegal. On the sandy and sandy-clay lands which cover the 
major part most of the country, two main kinds of millet are cultivated: souna on the lightest 
ground with a short vegetative cycle, about 90 days, and sanio, which matures in 120 days 
and is grown on heavy soil rich in organic matter. Other varieties of cereals are also 
cultivated. Sorghum is cultivated in the south-central and eastern part of the country and also 
along the Senegal River valley, where it is a subsidence crop. Maize and rice are grown in the 
southern half of the country. Rice is cultivated in the Senegal valley and beans are grown 
mainly for local consumption.  

 

3.5 Cash crops 

The main cash crops are groundnuts, cotton, horticultural produce and fruit.  

Groundnuts have for a long time been the country’s main cash crop. Today we notice yields 
are decreasing, and the main cause is the decrease in rainfall since the end of the 1960s. 
Groundnuts are rotated annually with millet throughout the country but are grown mainly in 
the west center, known as the ‘peanut basin‘  (in the regions of Diourbel, Thies, Kaolack, 
Louga and Saint-Louis).  
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Cotton is grown in the southeastern part of the country, mostly in the districts of 
Tambacounda and Kolda. Horticultural produce which exceeds 70% of the local needs is 
exported. This comes from the area of Niayes along the northern coast, between Dakar and 
Saint-Louis. Fruit crops are minor cultures and developed especially in the southern region 
(Casamance) and through the orchards which cover the whole country. The fruit grown is 
mainly mangoes, bananas and oranges.  

 

3.6 Agricultural constraints  

The country has a number of advantages on which agricultural development can lean but it 
faces several constraints, notably: 

·  the decline in farmers’  net revenue, thus less cash for fertilizers and consequent  soil 
degradation;  

·  a mismatch between the transfer of technology and knowledge and the actual needs of 
the farmers;  

·  the lack of a suitable financing system;  

·  the non-availability of good seeds, notably for groundnuts, and the damage to farm 
implements;  

·  the lack of infrastructure for transporting produce to the marketplaces; and 

·  the lack of investment for modernizing activities and industries, particularly in the 
breeding subsector.  

 

3.7 Evolution of the agriculture  

3.7.1 National level evolution over the period 1960–2002  

The cropped area has decreased over a 42 year period, particularly in the north of the peanut 
basin, eastern Senegal and Casamance. Figure 5 shows a small decrease in the millet cropped 
area since the 1980s. This decrease is not significant (R² = 1%) and we can say that the area 
under millet is constant. Figure 6 reveals a significant downwards trend in the groundnut 
cropped area, showing how this crop, which was the country’s main cash crop during the 
1960s and 1970s, has declined. The millet production can be seen to be increasing 
significantly (Figure 7). This confirms the abandonment of groundnuts in favor of millet, 
which is the traditional food crop. The decline in groundnut production is confirmed by the 
very significant falling trend during the period of drought (Figure 8). Some changes in yields 
are evident. Groundnut yields in particular are characterized by a marked inter-annual 
variability (Figure 9). There is a significant increase in the millet yield (Figure 10), 
confirming the importance of this crop in the national system of production. 
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3.7.2 Case study for Kolda (in the south) and Diourbel (in the north) 

If we consider a smaller scale, at the department level,2 we notice a different evolution. The 
differences can be seen more clearly if we combine annual rainfall averages with yields. 

In Kolda, an agro-ecological zone located in the south, the rains are very important, with an 
annual average od around 1013mm over the 1960–2002 period. Figure 11 shows a decreasing 
trend for rainfall but despite this the decreasing trend in the millet yield is not significant. The 
groundnut situation in Kolda is completely different from that of the whole country (Figure 
12). There is a significant increasing trend, which may be explained by the good rains in this 
region.  

In Diourbel, the evolution of the groundnut yield follows the same trend as rainfall. (Figure 
13). This fact reveals the negative impact of climate on the agriculture of the northern agro-
ecological zone in Senegal. Millet yields remained constant during the 1960–2002 period, 
despite the decrease in rainfall (Figure 14). Because it is a traditional crop, much effort is 
made to get a good yield, whatever the climate. Another is that the water requirement for 
millet is less than for groundnuts and millet is very resistant to drought. 

These two examples of evolution perfectly reflect how dependent Senegalese agriculture is 
on rainfall. There is significant inter-annual variability across agro-ecological zones. Indeed 
during the wet decades of the 1950s and 1960s, millet and groundnut yields were high 
throughout the country. This was the peak period for groundnut production. The droughts that 
have been occurring since the beginning of the 1970s in the Sahelian zone have affected 
yields. The decline in the groundnut yield is significant and can be explained by the loss of 
soil fertility because of over-cultivation or continuous cultivation, and the inter- and intra-
annual variability of rainfall and the long dry spells, as was the case in 2002. 

3.7.3 Evolution of fruit and vegetable crops 

As regards fruit and vegetables, the data on yields and area show that market garden yields 
increased by 3.8% per year between 1987 and 1998 (182,000 tons), compared with a 3.1% 
increase in area. Essentially concentrated in the Niayes zone during the previous decade, the 
production is nowadays geographically diversified. The Niayes zone actually represents no 
more than 63%, against 22% in the Senegal River zone and 15% in the area of Thies and 
Kaolack (notably for growing watermelons). The main cultures are onions (69,000 tons), 
watermelon (29,000 tons), cabbages, tomatoes and potatoes. The fruit yield is about 122,000 
tons (mangoes, citrus, bananas and miscellaneous), with a 3% increase during the last decade.  

3.7.4 Agricultural season of 2002  

Groundnuts and millet occupied the largest area of cropped land in 2002 (Figure 15). But that 
year was marked by very low yields (Figure 16), particularly for groundnuts. The government 
therefore decided to rapidly implement an emergency program for the development of 
subsistence crops, predominantly maize, of which areas and yields are constantly increasing. 
Next to the maize program, sesame and cassava are also being developed. The overall 
objective is to promote the diversification of crops and to institute a durable system of 
production to increase revenue, improve food security and contribute to the struggle against 
poverty (DPS 2004).  

                                                 
2 Senegal is divided into 11 regions, which are further divided into 34 departments. See Appendices 12-14 for 
further divisions. 
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4. The analytical framework for  the Ricardian method 

4.1 Review of the literature 

In Africa, farmers’  ability to adapt to climate change is limited by the lack of economic and 
technical resources, and they are vulnerable because of their heavy dependence on rainfed 
crops and because of poverty and the succession of droughts and floods. Given these various 
constraints, Africa’s general capacity to adapt to climate change is very weak. National action 
plans which incorporate long-term changes and pursue strategies could strengthen this 
capacity. Credible information on climate change must be made available to farmers, so that  
decisions on how to mitigate damage can be assessed. A wide range of mitigation options 
should be investigated using bio-economic models to capture the whole farm impact of 
climate change. Three methods have been developed in the literature to measure climate 
sensitivity: agro-economic models, a bio-physical model developed by the FAO (Food and 
Agriculture Organization), and cross-sectional models. 

The agro-economic method begins with a crop model that has been calibrated from carefully 
controlled agronomic experiments (Adams et al. 1989; 1990; 1993; 1998; Easterling et al. 
1993; Kaiser et al. 1993a,b; Rosenzweig & Parry 1994; Kumar & Parikh 1998b). Crops are 
grown in field or laboratory settings under different possible future climates and carbon 
dioxide levels. No changes are permitted to farming methods across experimental conditions 
so that all differences in outcomes can be assigned to the variables of interest (temperature, 
precipitation or carbon dioxide). The estimates do not include adaptation. The changes in 
yields are then entered into economic models that predict aggregate crop outputs and prices. 
Because each crop requires extensive experiments, only the most important crops have been 
studied to date. Almost all the agronomic studies have consequently focused on grains. A 
notable exception is the study by Adams et al. (1998) that includes not only grains but also 
citrus and tomatoes in order to account for more heat tolerant crops. 

Because the link between climate and crop yields is determined through controlled 
experiments, the crop modeling approach dependably predicts how climate affects yields. 
However, the experiments are costly so only a few locations can be tested. This raises a 
question about whether the experiments are representative of the entire farm sector. In 
heavily tested areas, such as the United States, this may not be a serious problem. However, 
in developing countries there are only a few experimental sites and the results may not be 
generalizable. Further, the conditions in developing countries may require special adaptations 
such as irrigation that may or may not be included in the analysis (FAO 2000).  

The second method, the bio-physical model, uses agro-ecological zones (FAO 1996). The 
AEZ (Agro-Ecological Zones) method uses a simulation of crop yields, rather than measured 
crop yields. It was developed to look at potential production capacity across various 
ecological zones, not at what was actually occurring. In part, the reason for this focus on 
predicted values was the lack of reliable and accurate yield data on a widespread basis. 
Maximum potential yields for a given production area are estimated using a yield biomass 
simulation model.  

A disadvantage of this modeling process is that one cannot predict final outcomes without 
explicitly modeling all relevant components. Even with relatively simple agronomic systems, 
it is difficult to build a general model that will predict actual yields across most locations. 
Just the omission of one major influence would damage the model’s predictions (FAO 2000). 
Although the AEZ model was not designed to perform economic analysis, economic 
variables may be linked into it through a linear optimization component. The inclusion of 
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new technologies over time would have to be modeled and farmers’  economic behavior 
would have to be integrated into the model. A serious new investment would be required for 
the AEZ model to be used as a predictive device in researching climate change.  

We use the third method, the Ricardian cross-sectional approach, to estimate the effect of 
climate change on Senegalese agriculture. This method examines farm performance across 
climate zones (Mendelsohn et al. 1994, 1996; Mendelsohn & Dinar 1999; Sanghi 1998; 
Sanghi et al. 1998; Kumar & Parikh 1998a). The technique has been named the Ricardian 
method because it draws heavily on an observation by David Ricardo (1772–1823) that land 
values would reflect land productivity at a site (under perfectly competitive markets). The 
method uses the typical economic measure of farm performance: net revenue or net farm 
income. The approach has been used to evaluate the contribution environmental measures 
make to farm income. By regressing land value on a set of environmental inputs, one can 
measure the marginal contribution of each input to farm income. The approach has been 
applied to the United States (Mendelsohn et al. 1994, 1996, 1999), Brazil (Sanghi 1998) and 
China (Liu et al. 2004). A corollary of the approach has also been used in India where annual 
net revenue was substituted for land value (Sanghi et al. 1998; Kumar & Parikh 1998b). In all 
these studies, the countries are large enough to provide a sample with a wide range of 
climates. The range of climates in all these countries is relatively large in comparison to the 
predicted change in temperature over the next century of 1 to 3.5°C (Houghton et al. 1996). 
By estimating the economic performance of farms across this range of climates, one can 
measure climate sensitivity in each country. Economic performance is measured using 
farmland value in the United States and Brazil and annual net income in India. 

The most important advantage of the Ricardian approach is its ability to incorporate efficient 
private adaptation. Private adaptation involves changes that farmers have made to tailor their 
operations to their environment in order to increase profits. Because private adaptation 
enriches the farmer, there is every reason to expect that it will occur. One of the most 
important adaptations that farmers will make is crop choice: the farmer will choose the 
optimal crop for the weather conditions. So, as the climate changes, the farmer should change 
crops (FAO 2000). 

These advantages make the Ricardian approach suitable for assessing the impact of climate 
changes on agriculture.  

 

4.2 Methods used for survey design and sampling for collection of the data  

The objective of the sampling design was to collect socio-economic information to study (i) 
the climatic change impact on the household incomes and (ii) the strategies of adaptation 
adopted.  

Data from the survey sample was used to implement the Ricardian approach. The population 
under study comprised all farming households in the administrative regions of Saint-Louis, 
Thies, Diourbel, Louga, Kaolack, Fatick, Tamba, Matam and Kolda, from which a sample 
was selected. 

The National Agricultural Census of 1998/1999 (RNA 2000) was used as the sampling frame 
for selecting sample units. The selection was conducted in two stages: villages were selected 
in the first stage and agricultural households in the second. The sample size was equivalent to 
0.3% of the national census.  
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In each region (Map 2), the criteria used to determine the size of sample households were the 
level of agricultural activity and the rate of adoption of technologies. The surveyed districts 
were divided into three groups (district having less than 5000 agricultural households; those 
having between 5000 and 10,000 agricultural households; and those having more than 10,000 
agricultural households). Proportional sampling fractions were used such that households 
within each district were selected in proportion to population density according to the 
following formula:  

 

ni = n
N
N

j

i * j 

 

where: 

Ni is the total number of agricultural households in the i stratum  

ni is the total number of agricultural households to be selected from the i stratum  

Nj is the total number of agricultural households in the j group  

nj the number of agricultural households to be selected from the j group  

i = 1, … 3 ; J = 1,…. 2 

 

In every farming community we selected three or four villages according to their size and 
from every selected village we selected five households. The size of the selected sample was 
1081 households. We chose to increase the sample size to 1200 (that is 129 households more, 
to obtain a representative sample with a 93% level of confidence and a relative error of 7%). 

 

4.3 Theory 

The Ricardian method is a cross-sectional approach and it is based on land rent, which is 
considered in this approach as the net revenue from best land use. According to this 
approach, the climate changes the production function of the crops through the fluctuations in 
temperature and precipitation. The farmers take into account these fluctuations and adjust 
their inputs accordingly. This approach enables them to build a functional relationship 
between the outputs and the inputs. The production factors include commercial factors (land, 
different inputs) and non-commercial factors, particularly environmental factors such as the 
climate, the quality of the soils, the irrigation water etc., which the Ricardian method assumes 
to be the same for a variety of products in a particular region. Cross-sectional observations 
across different climates can reveal the climate sensitivity of farms. The advantage of this 
empirical approach is the inclusion of the direct effect of climate on productivity and 
adaptation responses by farmers to local climate. It also makes it possible to compare the 
sensitiveness of different regions to climate change by connecting the inter-regional 
differences in the climate to the differences in land values.  
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Ricardo’s thesis is that net farm productivity is capitalized in its land value (rental value). Net 
revenue from using farm land (R) is assumed to capture net productivity or land value. This 
principle is captured in the following equation (Mendelsohn et al. 1994): 

 

R = �  Pi Qi (X, F, Z, G) - �  Px X  

 

where:  

Pi = the market price of the culture i  

Qi = the production of the crop i  

F = a vector of climate variables  

Z = a set of soil variables  

G = a set of economic variables as market access  

X = a vector of purchased inputs (other than land)  

Px = a vector of inputs prices  

The farmer is supposed to choose X to maximize net incomes, given the characteristics of the 
farm and the market prices. The Ricardian model is a reduced form model which examines 
how a set of exogenous variables, F, Z and G, affects agricultural value. 

*  Net revenue  

The Net Revenue (RN) is the difference between the gross revenue and the different costs of 
production. It is calculated for each household according to the following formula:  

 

RNhh = � n i=1 (Py iY i - �  Px ijX i j ) / � Si  

 = � n i=1 Py iY i / � Si - �  Px ijX i / � Si  

 = hhcrgrevha - tcostha 

and: 

hhcrgrevha = � n i=1 Py iY i / � n i=1Si  

tcostha = �  Px ijX i / � Si  

 

where: 

RNhh    =  Net agricultural revenue of the household (hh) per ha 
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hhcrgrevha  =  Gross revenue of the household (hh) per ha 

Y i   = Quantity of products 

X i j   = Quantity of commercial input  

Py i   =  Production price of output i 

Px ij   =  Purchase price of input j for the production of output i  

N   =  Number of crops 

Si   =  Surface of the crop i 

 

The gross revenue is equal to the value of the production for all crops. Many production costs 
were defined according to the factors used. So, we have the following costs: 

The total variable costs 

The cost of hired labor for cropping activities 

The cost of light machinery 

The cost of heavy machinery  

The cost of animal power 

The cost of hh labor on farm at own hh wage rate 

The cost of hh labor on crop activities at own hh wage rate. 

 

In a total of 1200 households investigated through the whole country, 1078 were selected 
after a long process of cleaning data.  

Agricultural performance was measured using average yield as well as using gross revenue 
calculations based on the market valuation of output and all variable input costs including the 
cost of labor. The survey also provided the agricultural information for calculating farm 
values for the Ricardian analysis. Gross and net revenue were defined for the Ricardian 
analysis: 

Gross revenue per ha (crops) was defined using different criteria: 

gr1crha is gross revenue per ha (crops) based on farmland 

gr2crha is gross revenue per ha (crops) based on sum of the cropland 

gr3crha is gross revenue per ha (crops) based on max seasonal cropland 

gr4crha is gross revenue per ha (crops) based on mean annual cropland. 
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Net revenue was also defined based on gross revenue and the other variable costs: 

nr1_1 is household crop gross revenue ($) less fertilizer and pesticide costs per ha of 
farmland 

nr1_3 is household crop gross revenue ($) less fertilizer and pesticide costs per ha of cropland 

nr2_1 is nr1($) less hired labor costs per ha of farmland 

nr2_3 is nr1($) less hired labor costs per ha of cropland 

nr3_1 is nr2($) less machinery costs per ha of farmland 

nr3_3 is nr2($) less machinery costs per ha of cropland 

nr4_1 is nr3 ($) less other farm costs per ha of farmland 

nr4_3 is nr3 ($) less other farm costs per ha of cropland. 

 

For the analysis we used nr1_3 which includes only fertilizer and pesticide costs, nr3_3 
which includes fertilizer, pesticide and machinery costs, and nr4_3 which includes all the 
costs of the farm production. No attempts were made to sample former large scale farms 
because they are very few and not easily accessible, and because the study could not take into 
account the effect of technology and irrigation on farm net revenue (very few small farms use 
irrigation and technology). Many variables were defined and used in the models (Table 15). It 
is important to note that the survey was based on the 2002 data. This year was characterized 
by very poor agricultural yields, because of a very long dry spell from early July to 10 
August.  

 

5. Results and discussion 

5.1 Variability in net revenues across the districts 

Farm net revenues vary across spatial scales. Table 5 shows the variability in net farm 
revenue across the sampled regions. The differences in climatic conditions and the level of 
technology can explain the variability. The use of irrigation and advanced technologies in the 
agricultural sector explains why net revenues are higher in some districts than in others. We 
notice a decrease in the net revenue due to the inclusion of all the costs for the farm 
productions (net revenue definition). We derive/calculate three measures of net revenue to 
compare the evolution of the net revenue if we include all the costs (machinery costs, 
fertilizer and pesticide and others farm expenses). To see the real net revenue of households 
we have to take nr4_3 as the dependent variable. 
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5.2 Model estimation procedure  

The first model estimates the response of net farm revenue to climate variables only. The 
second model integrates the soil variables into the first model to add spatial heterogeneity in 
net farm revenues. The third model adds socio-economic variables to the second model. The 
fourth model adds irrigation variables to the third one.  

The fifth model tries to see the effect of General Circulation Model (GCM) predictions on net 
revenues. The best results are obtained from CCCEQ, UKTR and HadCM2 GCM and as 
these reflect the realities of the climate in Senegal better (Gaye et al. 2000).  

Econometric analysis using cross-sectional data is associated with problems of 
heteroscedasticity and multicollinearity and the effect of outliers in the variables. We did not 
test for their presence and anticipated that these problems would arise in the estimation 
process. We did not use the variables defined in net revenue definition (nr1_3, nr3_3, nr4_3) 
in the different models, in order to avoid redundancy.  

 

5.3 Regression analysis results 

5.3.1 The Ricardian analysis 

The Ricardian analysis shows that during season 1 (Figure 17), most of the households have 
very poor gross revenues, because only a few farmers have some activities along the Senegal 
river basin. Season 2 (the rainy season) is the main agricultural season (Figure 18).  

These results must be seen in the context of 2002 that was characterized by a rainfall deficit 
and a very long dry spell. The consequence was low yields and the non-harvesting of cash 
crops such as groundnuts in many districts. Another explanation for the poor revenues is that 
the  small-scale farms do not have the means to increase their yields.  

Only 71 households are represented (Table 7). The maximum gross revenue (US$1090) was 
obtained in the Senegal River basin, where irrigation is largely used to develop market garden 
crops. 

The histogram of the household crop gross revenue during season 2 reflects the real 
agricultural season (Figure 18). The majority of households have a low gross revenue, less 
than US$500,  and there are very few with more than US$1000. Season 3 (Figure 19) is 
similar to season 1 (the dry season). Very few farmers (29) practice farming during that 
season and they also generate low revenues. The yields do not exceed 1 ton/ha for many of 
the crops, in particular for the dominant varieties (millet, groundnuts, cowpeas and sorghum). 
The highest yields are for the garden crops and fruit crops (Figure 20).  

 

5.3.2 Presentation of Model 1 

Table 8 shows the findings of the net farm revenues’  response to annual climate variables 
only. The different net revenues’  estimation models present some significant variables at the 
0.05 thresholds. For these variables, an increase of 1 unit explains an increase (or decrease) in 
net revenue. The value of r2 explains the proportion of variance of net revenue which can be 
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predicted by the model. In the case of nr1_3, 15% of the variance is explained by climate 
variables and this is the most significant model. If we add all the crop productions costs 
(nr3_3 and nr4_3 definition) the value of R² decreases and is not so significant. An increase 
in temperature has a negative impact on net revenue, whereas an increase in precipitation has 
a positive impact on net revenue (Table 8). This statement reflects the reality because the 
climate in the country is already hot. So crop production depends only on rainfall, which is 
very variable. 

Table 9 reflects the Senegalese realities, with two main seasons: dry and rainy. In the rainy 
season, an increase in precipitation increases net revenue and an increase in temperature 
decreases it. In the dry season, an increase in temperature still decreases net revenue. The 
new statement is that precipitation during the dry season decrease net revenue. The reason for 
this is that so much rain may destroy the harvest stored outside without protection. 

 

5.3.3 Presentation of Model 2 

Tables 10 and 11 show the response of net farm revenue to climate and soil variables. The 
soil variables improve the model, giving a better explanation of the percentage of net revenue 
variance. The soil variables make it possible to capture the spatial heterogeneity across the 
country. The implication of this finding is the importance of controlling for soil types so as to 
bring out more strongly the differences in net farm revenues across different agro-ecological 
zones and districts in the country. The influence of soils on the net revenue is positive when 
they are rich, and negative when they are poor.  

When the soil variable is negatively significant, it means that soil is poor and its spatial 
extension will cause a decrease in the farm net revenues. We did not include many soil types 
in the analysis because many of them are not significant. Generally soils are poor in Senegal. 
The soil variables that were included in the model were generally significant in explaining the 
variability of net revenues. The climate variables still confirm the quadratic formulation as in 
the first model.  

 

5.3.4 Presentation of Model 3 

Tables 12 and 13 shows the results of the net revenue regression with socio-economic 
variables combined with the ones used in the first model. The size of the household and the 
presence of male workers have a positive effect on net revenue. The effect of female workers 
is positive or negative depending on the net revenue definition. The number of household 
male and female workers positively or negatively affects the revenue. This is not a 
determining factor in agriculture. 

The livestock has a positive impact in nr4_3 which includes all the farm costs. This implies 
that farmers should keep livestock so as to reduce the variability of crop production, which is  
strongly dependent on climate variations. 

The results also confirm the quadratic relationship between net farm revenues and climate 
variables. The standard Ricardian model results show that temperature and precipitation have 
a quadratic relationship with farm net revenues. In addition, annual temperatures as well 
seasonal and annual precipitation variables show a positive relationship with farm net 
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revenues, implying that after reaching a minimal point increases in each of these climate 
variables yield positive benefits to farm net revenues.  

 

5.3.5 Presentation of Model 4 

The results of Model 4 are presented in Tables 14 and 15. This model integrates the effect of 
runoff and flow, as additional sources of water, on farm net revenues. Considering nr4_3, 
there is no significant linear relationship between runoff and net revenue. With higher water 
flows are expected to increase water availability for agricultural activities, particularly during 
dry spells when can be used for irrigation during intra-seasonal dry spells. This may help to 
improve crop productivity and farm net revenues. In fact, the irrigation variable is also 
positive in this model, even if the threshold of significance is lower than 0.05.  

The policy message from this finding is that the government, private sector and NGOs can 
improve net farm performances for smallholder farms through the development of irrigation. 
To do so, one needs to facilitate access to credit and aid. 

 

5.3.6 Presentation of Model 5 

A good understanding of the relationships between climate, agricultural production and water 
resources is necessary to assess the potential impact of climate variation on farm net revenue. 
To assess the impact of different climate scenarios, three General Circulation Models 
(GCMs) Scenarios  are used:  

·  The CCEQ reported in Boer & al. (1992) is developed by using the Canadian Climate 
Center GCM with high spatial resolution coupled with an oceanic model. The model’s 
climate sensitivity is 3.5°C for temperature and 4% for precipitation. 

·  In the UKTR experiment natural and slow climate evolution is taken into account. In 
this experiment, the concentration of greenhouse gases increases in a proportion of 
15% per year during a period of 75 years. 

·  The third experiment, HadCM2, was carried out during the winter of 1994–1995 in 
the Hadley Center by using the UK Meteorological Office Model. Spatial 
representations of temperature and precipitation changes in Senegal are for the year 
2050.  

We also used the climate projections from the GIEC (2002). The climate change scenarios 
predict a further increase in temperature and a simultaneous decrease in rainfall. The resulting 
changes in net farm revenues were simulated using the climate scenarios defined above. 

Based on these models, we simulated two different scenarios. For the first one, we simulated 
the impact of an increase in temperature of 1.5°C combined with a 8.5% decrease in rainfall, 
and for the second one, the same increase in temperature but a 17% decrease in rainfall.  

The simultaneous changes in temperature and rainfall variables shown in Table 16 indicate 
that net farm revenues are negatively affected by further increases in temperature as well as 
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by further decreases in rainfall. The implication of these results is that agricultural production 
could be affected by climatic factors (high temperature and low rainfall).  

We can conclude that net revenues in Senegal are low and depend, besides the climatic 
parameters, on other factors related to households (farm implements, fertilizer, household 
workers) and soils.  

 

6. Marginal impacts 

6.1 Annual marginal effects  

The marginal analysis was done to further explain the impact of climate variables on net farm 
revenues revealed by the Ricardian analysis. The regressions show that the effect of climate 
on revenue is not linear in any case. A systematic conclusion is therefore not possible about 
the impact of climatic changes on agricultural revenue based only on the regression 
calculation. 

The results shown in Table 18 indicate that annual high temperature affects farm net 
revenues. Only nr_1_3 presents a significant coefficient. This means that a 1°C increase will 
be accompanied by an increase of US$15 increase in nr1_3.  

In the same time a 1mm increase in precipitation gives an increase of US$16 in nr1_3. The 
prediction from GCMs is an increase in temperature and a decrease in rainfall. in the effect 
on net revenue will therefore be a very weak increase if we consider the calculation mode 
used for nr1_3. 

 

6.2 Seasonal marginal effects 

The results shown in Table 19 indicate that seasonal temperature and precipitation also affect 
farm net revenues. In the rainy season, temperature is negative for nr1_3 whereas 
precipitation is positive. The implication of these results is that further increases in 
temperature in the rainy season are detrimental to agricultural activities, as indicated by the 
negative marginal. During the dry season, an increase in precipitation is beneficial of crop 
production, but the percentage of error is very high (20% for temperature and 50% for 
precipitation). 

 

7. Strategies of adaptation to var iations and climatic constraints  

7.1 Farmers’  perception of climate change 

The farmers have a relatively good reading of the current state of the climate. On a sample of 
1080 households, 69% perceive an increase in temperature and 2% a decrease. The remainder 
do not have an opinion. With regard to the rains, 85% of the sample observed changes in the 
date the rainy season begins and 84% noticed a change in the frequency of dry periods during 
the rainy season. The farmers thus confirm rainfall is worsening, in the form of deficit, 
irregularity and bad distribution in time and space. The delay in the onset of the rains 
contributes to a deterioration of the quality of the rainy season.  
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7.2 Adaptations to climate change 

In Senegal, the ability of farmers to adapt is limited by their lack of economic and technical 
resources, and their vulnerability is accentuated by their heavy dependence on the climate, 
because of the rainfed system, and their poverty. Given the diversity of the constraints they  
have to face, the general capacity to adapt to climate changes is currently very low. There are 
no national action plans which take into account short or long term climate change.  

The effects of the variations and climatic constraints are numerous. The degradation of the 
climate is, mainly according to farmers, the source of difficulties in the rural world. The 
prolonged and increasingly intense dryness, combined with the shortening of the rainy season 
and the frequency of the dry spells, as well as the marked degradation of the soils, have 
resulted in a succession of bad crop years. Farmers therefore try to develop their own 
strategies to mitigate climate impacts. 

 

7.2.1 Adaptations to temperature change 

Figure 21 presents the most common attitudes of farmers towards temperature changes: 24% 
have no adaptation strategy to face an increase in temperature, 20% are reducing the sowing 
period, and 16% have given up farming altogether. Another 10% resort to prayer to face the 
climatic constraints. This reveals the traditional character of agriculture in Senegal. Among 
the other strategies is the construction of shelters (21%) to protect people and animals against 
high temperatures. 

 

7.2.2 Adaptations to change in rainfall  

Figure 22 shows the major adaptations to face the changes in rainfall patterns. Reducing the 
sowing period is the strategy most commonly adopted (50%). Many farmers prefer to wait for  
the rains to set in before sowing, in order to avoid losses. The use of different varieties (25%) 
is another strategy adopted by farmers, and 26% are using different varieties of crops more 
adapted to climatic conditions. Figure 22 shows that 31% don’ t use any strategy of adaptation 
to the decrease in rainfall, because of a lack of means, and 17% resort to prayer.  

This information is very important in terms of policy for agricultural management. The 
decision makers should integrate the strategies actually adopted by farmers to help in the 
improvement of this sector. The development of political research to create new varieties 
adapted to climate context should be a priority.  

According to the high percentage of households without any adaptation, the decision makers 
should develop a large campaign of information and sensitization for farmers, to show them  
the importance of having strategies for maintaining an acceptable purchasing power. 
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7.2.3 What are the constraints on adapting?  

Although 24% of farmers have no constraints that prevent them adapting, 19% have no 
access to water, and 45% are poor and have no means. The lack of means constitutes a 
significant barrier to adapting to climate change.  

 

8. Conclusion  

This study highlights the importance of small scale farms in the Senegalese production 
systems. These farms have low net revenues and depend not only on climate and soil factors, 
but also on the household’s situation (machinery, fertilizer, labor, credit, and so on). 
Considering all the models used in this study, independent variables explain 15 to 17% of the 
variance of nr1_3. If the costs of machinery, labor and maximum cropped land are considered 
(nr4_3), the percentage of variance of net revenue explained by the same independent 
variables becomes weak (6%). This indicates the weakness of the purchasing power of 
farmers and their inability to assume all production costs. 

The climatic constraints noted by farmers must be considered as a constant to be used by 
decisions makers to support a sustainable development policy, because the Senegalese 
economy is still strongly influenced by the agricultural sector, which can be affected by 
climate. However, adaptation strategies adopted by farmers to face climate change must be 
considered as partial responses It is therefore important that the public powers develop 
irrigation policies to help reduce the agricultural sector’s dependence on climate as shown by 
the models. 
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Appendix1: Size of the sample according to the value of the propor tion 

P 1-P N 
0,9 0,1 44 
0,8 0,2 100 
0,7 0,3 171 
0,6 0,4 267 
0,5 0,5 400 
0,4 0,6 600 
0,3 0,7 933 
0,27 0,73 1081 
0,2 0,8 1600 
0,1 0,9 3600 

 
Appendix2: Thermic and hygrometr ic indication of the Nor thern Coast (1951–2003) 
 Jan. Feb. Mar April May June July Aug. Sept. Oct. Nov. Dec. An 
Tx 27,4 28,01 28,2 27,67 27,58 29,21 30,1 30,61 31,25 31,83 31,04 28,7 29,3 
Tn 16,56 16,93 17,5 18,23 19,83 22,82 24,51 24,87 24,89 24,18 21,38 18,38 20,84 
At 10,84 11,08 10,7 9,439 7,75 6,39 5,58 5,73 6,36 7,65 9,65 10,32 8,46 
Tm 21,99 22,47 22,84 22,95 23,7 26,02 27,3 26,95 28,07 28 26,19 23,54 25 
Hrx 82,14 85,09 88,43 90,39 90,99 90,92 89,33 91,13 93,29 92,03 87,53 82,63 88,66 
Hrm 59,56 62,8 67,05 71,8 75,12 77,41 77,91 79,92 80,36 74,7 65,77 65,9 71,53 
Hrn 36,97 40,51 45,67 53,2 59,25 63,89 66,49 68,7 67,42 57,38 44,02 36,64 53,35 
Pmm3 1,11 1,06 0,26 0,09 0,86 12,57 63,00 171,84 122,45 31,17 1,49 2,72 408,66 

 
Appendix3: Thermic and hygrometr ic indication of the Sahelian zone (1951–2003) 
  Jan. Feb. Mar April May June July Aug Sept. Oct. Nov. Dec. An 
Tx 32,36 35,2 37,76 40,16 41,6 40,10 36,6 34,97 35,2 37,47 36,2 32,73 36,7 
Tn 15,71 17,51 19,55 21,79 24,29 25,15 24,79 24,57 24,45 23,74 20,18 16,57 21,52 
At 16,65 17,68 18,20 18,36 17,31 14,95 11,8 10,39 10,75 13,73 16,02 16,16 15,17 
Tm 24,04 26,35 28,66 30,98 32,95 33,87 30,69 29,77 29,83 30,61 28,19 24,65 29,21 
Hrx 49,87 48,26 48,45 50,85 55,39 69,78 81,91 89,11 90,19 79,09 61,34 54,36 64,88 
Hrm 33,58 31,75 31,14 32,50 35,94 47,35 60,30 68,76 69,1 55,32 41,44 37,42 45,38 
Hrn 17,29 15,25 13,83 14,15 16,50 24,92 38,70 48,41 48,02 31,54 21,53 20,49 25,89 
Pmm4 0,30 1,07 0,44 0,28 1,94 23,68 80,57 140,24 98,06 25,43 1,42 1,08 374,56 

 
Appendix4: Thermic and hygrometr ic indication of the nor th Sudanese zone (1951–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Tx 34,62 36,88 39,92 40,57 39,76 36,66 33,48 32,33 32,76 35,26 36,69 34,87 36,15 
Tn 17,30 19,16 21,69 23,57 24,59 24,73 24,23 23,8 23,65 23,81 20,24 17,66 22,04 
At 17,31 17,72 18,22 17 15,17 11,92 9,25 8,52 9,11 11,44 16,44 17,20 14,11 
Tm 25,56 27,76 29,86 31,38 31,96 30,50 28,61 27,78 27,92 29,06 28,17 25,68 28,69 
Hrx 51,28 50,72 53,40 59,22 68,78 83,83 92,54 96,23 97,27 95,17 81,97 59,35 74,15 
Hrm 33,94 32,91 34,05 37,62 45,7 61,35 73,77 79,46 79,29 71,10 53,71 39,25 53,51 
Hrn 16,6 15,11 14,7 16,03 22,62 38,87 55 62,69 61,32 47,03 25,45 19,14 32,88 
Pmm5 0,34 0,29 0,08 0,65 12,29 80,37 164,41 258,76 190,95 58,74 2,6 0,83 770,35 

 

                                                 
3 Rainfall indication of the Northern Coast was calculated over the period 1898–2003.  
4 Rainfall indication of the Sahelian zone was calculated over the period 1934–2003. 
5 Rainfall indication of the north Sudanese zone was calculated over the period 1922–2003. 
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Appendix5: Thermic indication of the south Sudanese zone (1961–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Tx 34,43 37,21 38,92 39,89 39,3 35,19 31,91 31,27 31,84 33,52 34,62 33,6 35,14 
Tn 15,7 17,93 21,18 23,66 24,83 23,83 22,81 22,42 22,08 22,03 18,53 15,21 20,85 
At 18,72 19,28 17,74 16,22 14,46 11,36 9,1 8,85 9,76 11,48 16,08 18,39 14,29 
Tm 25,07 27,57 30,05 31,78 32,06 29,51 27,36 26,84 26,96 27,78 26,57 24,41 28 

 
Appendix6: Hygrometr ic indication of the south Sudanese zone (1967–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Hrx 64,61 62,18 60,65 63,82 73,53 87,73 95,03 97,04 97,23 96,78 91,62 77,74 80,66 
Hrm 39,86 38,4 37,90 40,83 50,13 66,03 77,11 80,81 79,24 74,94 61,1 48,28 57,88 
Hrn 15,11 14,61 15,15 17,83 26,72 44,33 59,19 64,57 61,25 53,09 30,59 18,82 35,11 
Pmm6 0,08 0,27 0,14 1,9 31,88 151 258,19 333,83 287,75 108,97 9,12 0,42 1183,5 
 
Appendix7: Thermic indication of the Atlantic Sudanese zone (1961–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Tx 33,48 35,16 36,6 36,54 34,69 33,08 32,11 31,64 32,18 33,83 34,81 33,48 33,97 
Tn 15,95 16,98 18,13 19,06 20,81 22,98 23,69 23,62 23,13 22,58 19,39 16,64 20,25 
At 17,52 18,18 18,46 17,47 13,87 10,09 8,42 8,01 9,05 11,25 15,42 16,83 13,71 
Tm 24,72 26,07 27,36 27,8 27,75 27,98 27,9 27,63 27,66 28,21 27,1 25,06 27,10 
 
Appendix8: Hygrometr ic indication of the Atlantic Sudanese zone (1976–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Hrx 80,26 82,67 84 86,67 91,41 93,2 94,1 95,88 96,9 96,43 93,22 85,5 90,02 
Hrn 25,91 23,2 25 30,18 41,8 57,68 65,12 69,95 67,52 55,86 37,29 28,89 44,03 
Hrm 53,09 52,93 54,5 58,42 66,61 75,44 79,61 82,919 82,21 76,15 65,26 57,19 67,03 
Pmm7 0,12 0,41 0 0,02 3,52 65,07 216,87 360,99 265,46 81,86 3,51 1,24 999,14 

 
Appendix9: Thermic and hygrometr ic indication of Ziguinchor  (1951–2003) 

  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Tx 34,98 36,6 39,32 38,62 35,82 34,72 32,1 31,73 32,16 33,59 33,81 33,23 34,72 
Tn 17,44 18,4 19,02 20,02 22,15 23,48 23,24 23,43 23,36 23,55 21,7 18,36 21,17 
At 17,54 18,2 20,3 18,6 13,67 11,24 8,86 8,3 8,8 10,04 12,11 14,87 13,54 
Tm 24,69 26,33 27,67 28,36 28,66 28,51 27,4 27 27,25 27,95 27,08 24,81 27,14 
Hrx 84,88 85,78 87,14 88,19 92,23 94,67 97,87 98,69 98,91 98,52 97,11 90,36 92,86 
Hrm 55,95 55,2 55,56 58,2 65,42 73,33 81,36 84,32 82,9 78,99 70,67 61,55 68,62 
Hrn 27,02 24,62 23,98 28,21 38,61 52 64,84 69,95 66,88 59,46 44,22 32,74 44,38 
Pmm8 0,49 0,36 0 0,02 6,417 111,9 330,1 481,04 341,82 127,3 5,02 0,512 1405,01 
 
 
Appendix10: Ther mic indication of Mbour  (1961–2003) 
  Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Tx 33,58 34,50 36,01 35,67 33,33 32,07 32,47 32,17 32,58 34,56 35,95 34,18 33,92 
Tn 15,65 16,74 17,79 18,52 20,02 22,51 24,04 23,99 23,4 22,21 18,39 16,22 19,96 
At 17,93 17,76 18,21 17,14 13,3 9,56 8,435 8,17 9,18 12,34 17,55 17,96 13,96 
Tm 24,61 25,62 26,9 27,09 26,67 27,29 28,25 28,08 27,99 28,39 27,17 25,2 26,94 
 
 

                                                 
6 Rainfall indication of the south Sudanese zone was calculated over the period 1922–2003. 
7 Rainfall indication of the Atlantic Sudanese zone was calculated over the period 1931–2003. 
8 Rainfall indication of the station was calculated over the period 1921–2003. 
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Appendix11: Hygrometr ic indication of Mbour  (1976–2003) 
 Jan. Feb. Mar April May June July August Sept. Oct. Nov. Dec. An 
Hrx 78,88 81,32 83,24 86,96 90,56 91,17 90,08 92,66 94,31 93,7 89,04 82,23 87,85 
Hrn 25,39 22,53 25,74 31,14 44,27 62,08 64,28 69,91 67,76 51,88 30,98 25,98 43,49 
Hrm 52,14 51,92 54,49 59,05 67,41 76,62 77,18 81,29 81,03 72,79 60,01 54,11 65,67 
Pmm9 0,20 0,41 0,01 0,03 1,01 22,58 107,32 257,45 191,65 43,77 1,74 1,91 628,12 
 
 
Appendix12: Distr ibution of the sample in Diourbel 
Region  Department  Arrondissement  District Village  

Diongo  
Ndindy  
Ngueyenne  

 
Ndindy  

 
Ndindy  

Talakhe  
Ndioufene wokane  
Mérina Thiakho  
Khoulé  

 
 
 
Diourbel  

 
Ndoulo  

 
Ndoulo  

Tairé Sérère  
Batal  
Mbokhadane  

 
Ngoye  

 
Ngoye  

Ngueye Ngueye  
Mboubane  
Diokane  

 
Lambaye  

 
Lambaye  

Peye Lambaye (stopover)  
Amazed garage  
Keur Assane Kane  

 
 
 
Bambey  

 
Amazed garage  

 
Amazed 
Garage  Ndary Gade  

Fass Kael  
Thièkene  
Maka Kael  

 
Kael  

 
Kael  

Touba Kael  
Bouboul  
Thiasky  
Ndarou Fall  

 
Missirah  

Mbayene Missirah  
Baity Dimb  
Kolonabe  
Guebe 2  

 
 
 
 
 
 
 
 
 
 
Diourbel  

 
 
 
Mbacke  

 
 
 
Ndame  

 
Touba Fall  

Yolly  
Households investigated: 145  
 

                                                 
9 Rainfall indication of the station was calculated over the period 1961–2003. 
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Appendix13: Distr ibution of the sample in Kaolack 
Region  Department  Arrondissement District Village  

Daga Ouolof  
Keur Bounghary  

 
Ndoffane  

 
Latmingue  

Thicatt Diéry  
Darou  
Keur Souka  

 
Gandiaye  

 
Dya  

Sibassor  
Keur Madiké  
Ndiédieng  

 
 
 
Kaolack  
 
 
  

Ndiédieng  
 
Ndiédieng  

Tallène  
Diokoul Kao  
Nganda  

 
Nganda  

 
Nganda  

Santhie Dimb  
Hamdallaye 1  
Médina Fass  

 
Malem Hoddar  

 
Malem 
Hoddar  Sagna  

Maka Yop  
Nguérane Fass  

 
Koungueul  

 
Maka Yop  

Sinthiou Kaffate  
Bossolel Ouolof  
Médina Saloum  

 
 
 
Kaffrine  

 
Birkelane  

 
Birkelane  

Touba Mbella  
Keur Mady Yacine  
Medina Thiamène  

 
Wack Ngouna  

 
Wack Ngouna  

Ndiba  
Barkavel  
Touba Saloum  

 
Paoskoto  

 
Paoskoto  

Yedoulaye Ndemene  
Hamdallaye  
Ndiba Ndiayene  

 
 
 
 
 
 
 
 
 
 
Kaolack  

 
 
 
Nioro  

 
Médina Sabakh  

 
Médina 
Sabakh  Passy Hamdallahi  

Households investigated: 150  
Appendix14: Distr ibution of the sample in Fatick 
Region  Department  Arrondissement District Village  

Barkael  
Ouadiour  
Keur Samba Gueye  

 
Ouadiour  

 
Ouadiour  

Thiénaba Gossas  
Bene Ouolof  
Diabel  
Baladji  

 
 
 
Gossas  
 
 
 

 
Colobane  

 
Colobane  

Touba Diaksao  
Baboucar Toumbou  
Mbissel  

 
Fimela  

 
Fimela  

Simal  
Mbafaye  
Ndémou  

 
Niakhar  

 
Niakhar  

Yenguele  
Keur My Ngary  
Tattaguine  

 
Tattaguine  
 

 
Tattaguine  

Thiamène  
Diock  
Ndoffène  

 
 
 
Fatick  

 
Diakhao  

 
Diakhao  

Thiare Ndialgui  
Aidara  
Sandicoly  

 
Toubacouta  

 
Toubacouta  

Toubacouta  
Bassar  
Diogane  

 
Niodior  

 
Bassoul  

Thialane  
Mbelane  
Ndour Ndour  

 
 
 
 
 
 
 
 
 
 
Fatick  

 
 
 
Foundiougne  

 
Djilor  

 
Djilor  

Thiaré  
Households investigated: 145  
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Appendix15: Distr ibution of the sample in Thies 
Region  Department  Arrondissement District  Village  

Malicounda Bambara  
Sarene tip  

 
Nguékokh  

 
Malicounda  

Waréne Sérère  
Fissel Sérère  
Langomack  

 
Fissel  

 
Fissel  

Tocomack  
Louly Mbafaye  
Mbourokh  

 
 
 
Mbour  
 
 
  

Thiadiaye  
 
Sandiara  

Sandiara Sérère  
Keur Assane  
Ngaye ngaye  

 
Pambal  

 
Worse 
Goureye  Santhiou Pire  

Battal 1  
Mérina Ndakhar  

 
Mérina 
Ndakhar  

 
Mérina 
Ndakhar  Tylor  

Diobasse  
Mekhé Village  

 
Méouane  

 
Méouane  

Wakaldiame  
Khaoulou  
Mérina Asta  

 
 
 
Tivaouane  

 
Niakhène  

 
Niakhène  

Thiokou  
Babakh Sérère  
Notto  

 
Notto  

 
Notto  

Tatène Sérère  
Daldiam  
Keur Yoro Sadio  

 
Thiénaba  

 
Thiénaba  

Thiénaba Seck  
Darou Touré  
Keur Assane Ndiaye  

 
 
 
 
 
 
 
 
 
 
Thiès  

 
 
 
Thiès  

 
Pout  

 
Fandène  

Tawa Fall  
Households investigated: 150 
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Appendix16: Distr ibution of the sample in Louga 
Region  Department  Arrondissement District  Village  

Andoulaye  
Darou Samb  
Palène Dede  

 
Ndande  

 
Ndande  

Thieye Thieye  
Battal Athié  
Kantar Diagne  
Mayaye 2  

 
Sagatta  

 
Sagatta  

Yéroubabou  
Arafat  
Darou Diop 2  
Divane  

 
 
 
Kébémer  

 
Darou Mousty  

 
Darou Mousty  

Wadène  
Baralé Ndiaye  
Keur Meissa Gaye  

 
Sakal  

 
Sakal  

Sakal  
Deye Seumb  
Merina Sarr  

 
Mbédiéne  

 
Mbédiéne  

Sine Dieng  
Bebel Diop  
Loumène 1  

 
Coki  

 
Coki  

Thiourour  
Diokoul  
Maka Peulh  

 
 
 
Louga  

 
Keur Momar 
Sarr  

 
Keur Momar 
Sarr  Thiapédji  

Affe  
Mbacké Djolof  

 
Dahra  

 
Sagatta  

Sagatta  
Barkédji Ouolof  
Gassel Peulh  

 
Barkédji  

 
Barkédji  

Samaly  
Diabe Sapo 1  
Mbeuleukhe Diane  

 
Yang Yang  

 
Mbeuleukhe  

Yang Yang  
Belly welly  
Dodji Ouolof  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Louga  

 
 
 
Linguère  

 
Dodji  

 
Dodji  

Wendou Beye 1  
Households investigated: 180  
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Appendix17: Distr ibution of the sample in Tambacounda 
Region  Department  Arrondissement District Village  

Hamdalaye  
Ibel  

 
Bandafassi  

Yamoussa Ségou  
Bantakho Coûta  
Mako  

 
 
 
Bandafassi   

Tombronkoto  
Tombronkoto  
Badioula  
Dalafing  

 
Saraya  

Bembou  
Bransan  
Dialokotoba  

 
 
 
 
 
Kédougou  

 
 
Saraya  

Khossanto  
 

Sabodalla Niakhafiri  
Darou Ndimebelane  
Gueyene (Barkevel)  

 
Koumpentoum  

 
Koumpentoum  

Touba Niani  
Sinthiou Koumbidia  
SinthiouPagnate Sinthiou  

 
Koussanar  

 
Koussanar  

Toubere Diaoube  
Colibanlang  
Saré Diame  

 
Makacoulibatang  

 
Maka  

Sitacourou Mandingue  
Sankagne 1  
Tabadian Dialiko  

 
 
 
Tamba  

 
Missirah  

 
Missira  

Vélingara Yaya (Sitaoulé)  
Diawara  
Moudery  

 
Moudery  

 
Moudéry  

Tourime  
Dide Gassama  
Laminia  

 
Kéniaba  

 
Sadatou  

Sounkounkou  
Diare Mbolo  
Ndiya  

 
Goudiry  

 
Goudiry  

Sovol  
Bala Gare  
Goumbayel  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tamba  

 
 
 
Bakel  
 
 
 
 

Bala  Kothiary  

Tambanding  
Barga  
Dabia Obedji  

 
Thilogne  

 
Thilogne  

Syllanabes  
Goumal  
Padalal  

  
 
 
Kanel  Semme   

Orkadiéré  
Polel Diaoube  

Households investigated: 210  
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Appendix18: Distr ibution of the sample in Kolda 
Region  Department  Arrondissement District  Village  

Dabo  
Dialambere  
Ngoki  

 
Dabo  

 
Dabo  

Vélingara Yele  
Abecouta  
Dinguiraye  
Kibassa  

 
Médina Yoro 
Foula  

 
MédinaYoro 
Foula  

Médina Yoro Foulah  
Darou Salaam Thierno  
Diadoudicounda  
Dioulacolon  

 
 
 
Kolda  

 
Dioulacolon  

 
Dioulacolon  

Sinthian Samba Coulibaly  
Sare Djigui  
Sinthiang Diaobé  
Saré Bourang  

 
Kounkané  

 
Kounkané  

Soutouré  
Diatel  
Kouthioye  
Kaone  

 
Pakour  

 
Ouassadou  

Ouassadou  
Bocounta  
Thiancoung  
Darou Idjaratou  

 
 
 
 
 
 
 
 
Kolda  

 
 
 
Vélingara  

 
Bocounta  

 
Boucounta  

Saré Bossédie  
Households investigated: 120  
 
Appendix19: Distr ibution of the sample in Saint Louis and Matam 
Region  Department  Arrondissement  District Village  

Mery  
Toucouleur Djidiery  
Diery Gaé  

 
Mbane  

 
Ngae  

Keur Birane  
Diama  
Mboltogne  
Ngnith  

 
 
 
Dagana  

 
Ross Béthio  

 
Ross Béthio  

Savoigne Pioneers  
Agnam Tonguel  
Diatar  
Mbantou  

 
Ndioum  

 
Nguédé  

Ndiawara  
Fanaye Oualo  
Fanaye Diéry  
Ndieurba  

 
 
 
 
 
 
 
 
Saint Louis   

 
 
Podor  

 
Thille Boubacar  

 
Fanaye  

Thiangaye  
Belel  
Darou Néma  
Houdallah  

 
Matam  

 
Ranérou  

 
Ourossougui  

 
Ranérou  

Younoufere  
Households investigated: 100  
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Table 1: Class of soils included in the analysis 

Soil type Soil main 
category  

Soil sub-category 

percbkMU Cambisols Calcic 
perclfCU Luvisols Ferric 
perclfCMU Luvisols Ferric 
percndMU Nitosols Dystric 
percqlCU Arenosols Luvic 
percrdCMH Regosols Dystric 
perczgCU Solonchaks Gleyic 
 

Table 2: Percentage of crops in total yield for  each distr ict  

Region/Crops Groundnut Millet Rice Cotton Beans Maize 
Dakar 33.99 38.19 0.00 0.00 13.61 14.21 
Saint-Louis 1.49 12.25 83.66 0.00 1.54 1.06 
Louga 52.78 34.93 0.00 0.00 12.18 0.12 
Thiès 41.88 53.10 0.00 0.00 4.78 0.23 
Tamba 38.25 37.04 3.18 5.39 0.27 15.87 
Diourbel 42.45 52.57 0.00 0.00 4.96 0.02 
Kolda 37.63 29.70 13.89 7.21 0.10 11.46 
Ziguinchor 31.56 17.25 45.48 0.00 0.90 4.81 
Fatick 48.85 47.64 0.57 0.38 0.99 1.57 
Kaolack 49.01 44.45 0.11 0.37 0.19 5.87 
 

Table 3: Percentage of crops in total yield for  each distr ict 

Regions /Crops Groundnut Millet Rice Cotton Bean Maize 
Dakar 46.21 30.20 0.00 0.00 12.18 11.41 
Saint-Louis 8.35 48.10 30.60 0.00 11.67 1.28 
Louga 38.53 46.26 0.00 0.00 15.11 0.10 
Thiès 36.78 55.16 0.00 0.00 7.82 0.24 
Tamba 35.00 42.61 1.80 6.57 0.50 13.52 
Diourbel 36.18 56.11 0.00 0.00 7.69 0.01 
Kolda 34.05 33.27 11.23 8.32 0.23 12.90 
Ziguinchor 30.25 26.02 37.36 0.00 1.66 4.71 
Fatick 41.21 55.45 0.24 0.32 1.78 0.99 
Kaolack 44.43 49.97 0.06 0.62 0.39 4.53 
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Table 4: Percentage of crops in total yield for  each distr ict  

Regions /Crops Groundnut Millet Rice Cotton Bean Maize 
Dakar 27.64 23.63 0.00 0.00 21.03 27.70 
Saint-Louis 5.39 5.32 64.09 0.00 2.74 22.46 
Louga 45.33 23.00 0.00 0.00 23.90 7.77 
Thies 34.29 27.91 0.00 0.00 17.95 19.85 
Tamba 17.46 13.77 28.74 14.05 7.36 18.63 
Diourbel 39.38 30.61 0.00 0.00 19.88 10.13 
Kolda 16.18 13.06 17.41 13.05 6.18 34.12 
Ziguinchor 23.39 14.99 27.26 0.00 11.12 23.24 
Fatick 17.05 12.15 34.47 6.91 6.73 22.68 
Kaolack 20.22 16.03 22.75 9.70 7.97 23.33 
 

 

Table 5: Var iability in mean net farm revenue (US$) across the distr icts 

Regions nr1_3 nr3_3 nr4_3 
Diourbel 228.6799 59.3904 26.49604 
Fatick 239.5274 156.2861 156.8802 
Kaolack 169.5616 96.23775 91.09458 
Kolda 364.6131 265.5642 260.7116 
Louga 300.68 189.947 194.3896 
Matam 183.9093 139.2557 133.5177 
Saint-Louis 340.8689 320.9512 249.1101 
Tambacounda 186.5668 144.0658 139.1698 
Thies 221.1085 164.1094 151.8066 
Senegal 238.7681 151.8428 142.7987 
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Table 6: Var iables  

nr1_3  Household crop gross revenue ($) less fertilizer and pesticide costs per ha of 
cropland 

nr3_3  
Household crop gross revenue ($) less fertilizer and pesticide costs per ha of 
cropland less hired labor costs per ha of cropland l less machinery costs per 
ha of cropland 

nr4_3  
Household crop gross revenue ($) less fertilizer and pesticide costs per ha of 
cropland less hired labor costs per ha of cropland l less machinery costs per 
ha of cropland less other farm costs per ha of cropland 

flow_mean Mean monthly flow 
roff_mean Mean monthly runoff 
hhmalwork Number of household males (>15 yrs) working on farm 
hhfemwork Number of household females (>15 yrs) working on farm 
satctemp Annual temperature (satellite) 
satcwet Annual wetness (satellite) 
wetseason Rainy season wetness 
wetseason2 Squared rainy season wetness  
dryseason Dry season precipitation  
dryseason2 Squared dry season wetness  
rstemp Rainy season temperature 
rstemp2 Squared rainy season temperature 
dstemp Dry season temperature 
dstemp2 Squared dry season temperature 
season 1 First agricultural period from January to May (dry season) 
season 2 Main agricultural period from June to November (rainy season) 
season 3 Third agricultural period from November to January (subsistence farming) 
percbkMU Calcic cambisols 
perclfCU Ferric luvisols 
perclfCMU Ferric luvisols 
percndMU Dystric nitosols 
percqlCU Luvic arenosols 
percrdCMH Dystric regosols 
perczgCU Gleyic solonchaks 
irrigation Irrigation variable 
nrstemp Rainy season temperature with a 1.5°C increase 
nrstemp2 Squared rainy season temperature with a 1.5°C increase 
ndstemp Dry season temperature with a 1.5°C increase 
ndstemp2 Squared dry season temperature with a 1.5°C increase 
nwetseason Rainy season wetness with a 8.5% decrease 
nwetseason2 Squared rainy season wetness with a 8.5% decrease 
ndryseason Dry season wetness with a 8.5% decrease 
ndryseason2 Squared dry season wetness with a 8.5% decrease 
n2wetseason Rainy season wetness with a 17% decrease 
n2wetseason2 Squared rainy season wetness with a 17% decrease 
n2dryseason Dry season wetness with a 17% decrease 
n2dryseason2 Squared dry season wetness with a 17% decrease 
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Table 7: Summary of the household crop gross revenue (hhcrgrev US$) 

Var iable Obs Mean Std Dev Min Max 
hhcrgrevUS~1 71 317.3212 225.3484 23.17933 1090.789 
hhcrgrevUS~2 1027 432.3543 369.495 9.175154 3139.092 
hhcrgrevUS~3 29 280.5288 166.4745 18.09544 612.8237 
 

 

Table 8: Model 1 with only annual climate var iables 

Var iable nr1_3 nr3_3 nr4_3 
satctemp -661.22051***  -637.49783***  -611.09031***  
satcwet 41.467306*  25.772982 19.398662 
satctemp2 12.166259***  11.467951***  10.969696***  
satcwet2 -3.9736904 -3.0372221 -2.0407423 
cropland  -148.17953***  -65.711879***  -59.47427***  
cropland2 13.681661***  5.9508138**  5.4036259**  
_cons 9288.5911***  9017.7871***  8659.1393***  
 n 1005 955 915 
r2 .15219467 .05280768 .04590047 
legend: *  p<0.05;    **  p<0.01; ** *  p<0.001 
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Table 9: Model 1 with dry and rainy season climate var iables 

Var iable nr1_3 nr3_3 nr4_3 
rstemp -539.97093**  -423.55401* -440.16393*  
rstemp2 9.0599889**  7.4693325*  7.6240224*  
wetseason 97.237792**  41.84509 38.181721 
wetseason2 -10.451547**  -5.0892545 -4.7839133 
dstemp  -301.3733 -209.44609 -183.65519 
dstemp2 6.2138963 3.6960642 3.346609 
dryseason -56.085193 -14.063848 -16.535106 
dryseason2  14.369096*  4.2828076 5.5423066 
cropland -149.61671***  -65.767318***  -59.721915***  
cropland2 13.573598***  5.9817087**  5.4196286**  
_cons 11864.561***  9092.36***  8989.867***  
n 1005 955 915 
r2 .16577728 .05909758 .05073021 
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
 

Table 10: Model 2 with annual climate and soil var iables 

Var iable nr1_3 nr3_3            nr4_3       
satctemp -456.31544**  -493.91338**       -454.5954**     
satcwet 12.470114 13.323107        .13871547      
satctemp2 8.4358867**  8.9343454**       8.1554694**     
satcwet2 -.66014079 -1.2730795        .32562633      
percbkMU 149.43454**  17.779071        81.233886      
perclfCMU 169.39145*  190.55546*        207.83561**     
percndMU 27.048233 -26.642357        -13.08209      
percqlCU 42.817788 -4.7555294        15.662733      
percrdCMH -333.82922 -147.76115 -42.550425      
perczgCU -39.991802 18.462359        49.311161      
perclfCU -27.433459 -34.561246       -8.7713672      
cropland -148.35443***  -60.897864***     -55.138746***    
cropland2 13.358113***  5.4220299**        4.843116*     
_cons 6517.1451**  7005.7378**       6504.0856**     
n 1005 955 915    
r2 .16948655 .06147868        .05695173      
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
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Table 11: Model 2 with dry and rainy season climate and soil var iables 

Var iable nr1_3 nr3_3            nr4_3       
rstemp -578.04133**  -369.31176       -405.96473*      
rstemp2 9.9903301***   6.6992037*  7.2063635*     
wetseason 86.567549*  6.6673155       -.94651219      
wetseason2 -6.6191105 -.63156294       -.07548733      
dstemp -16.19237 -28.281518         36.66939      
dstemp2 .44087369 .12252821       -1.0159028      
dryseason -105.0241*  -13.285118   -18.699492      
dryseason2 15.077979*  1.4349459        3.0706247      
percbkMU 187.96355**   90.459275    145.39892*     
perclfCMU 86.351602 197.12065*          210.921*      
percndMU  29.084336 8.9095321        26.756306      
percqlCU 108.53555**  43.337816        63.589702      
percrdCMH -445.89572 -350.2217        -235.3772      
perczgCU 19.792089 52.70413        87.204379      
perclfCU 16.123542 7.9132892        34.810121      
cropland -153.4126***  -62.99123***      -57.52956***    
cropland2 13.7604***  5.6469598**       5.0947341**     
_cons 8728.2894***  5935.1718*        5634.9848*     
n 1005 955   915 
r2 .1783198 .06837776        .06308252      
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
 

Table 12: Model 3 with annual climate, soil and socio-economic var iables 

Var iable nr1_3 nr3_3            nr4_3       
satctemp -459.49062**  -493.30963**  -455.25961**     
satcwet 11.837118 11.965723       -1.0591989      
satctemp2 8.4947868**  8.9235807**       8.1676625**     
satcwet2 -.61238987 -1.1305838        .44753647      
percbkMU 150.58875**  18.837448        81.657183      
perclfCMU 168.51142*  190.2182* 207.29385**     
percndMU 27.927298 -25.159116       -13.215208      
percqlCU 43.581865 -3.0370535        17.651389      
percrdCMH -319.37177 -135.76801       -27.737409      
perczgCU -38.164028 21.561437        52.069082      
perclfCU -26.70399 -33.638628        -7.260913      
hhsize .98122094 1.1817231        .85365266      
hhmalwork 1.8729391 -.27861822         1.141898      
hhfemwork -.99995773 .3778397        .39441331      
livestocks -.00006353 .00002305        .00004934      
cropland -150.7241***  -62.830448***     -57.411023***    
cropland2  13.551979***  5.5768962**       5.0266569*     
_cons 6550.8791**  6989.0382**       6504.0966**     
n 1005 955             915      
r2 .16990436 .06184118        .05733363      
    
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
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Table 13: Model 3 with dry and rainy season climate, soil and socio-economic var iables 

Var iable nr1_3 nr3_3     nr4_3       
rstemp -577.49663**  -371.66832        -406.4778*     
rstemp2 9.9776071**  6.7330528*  7.2108806*     
wetseason 85.294521 4.1370408       -2.7652754      
wetseason2 -6.6464433 -.50640524       -.02452643      
dstemp -20.897366 -24.167629        36.928957      
dstemp2  .53390035 .05481724       -1.0145834      
dryseason -103.62953* -11.556707       -17.578581      
dryseason2 15.135679*  1.3819726         3.113283      
percbkMU  187.33537**  91.075954        145.26438*     
perclfCMU 86.903537 198.10481*        211.42806*     
percndMU 31.54557 13.844719        30.000658      
percqlCU 108.71753*  44.279715        64.845696      
percrdCMH -427.51614 -335.99193       -217.84679      
perczgCU  22.442285 56.230349        90.558692      
perclfCU 18.014304 9.1609112        36.732453      
hhsize .81837039 1.512544        1.2050564      
hhmalwork 1.8203069 -.57725347        .81814138      
hhfemwork -.59630008 -.30393173       -.26688753      
livestocks -.00001129 -.00001305        .00001752      
cropland -155.62827***  -64.866143***     -59.809307***    
cropland2  13.942583***  5.7967575**       5.2776693**     
   _cons 8774.6573***  5906.3849*  5629.7154*     
n 1005 955             915      
r2 .17865817 .0687958         .0635002      
legend:*  p<0.05; **  p<0.01; * **  p<0.001 
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Table 14: Model 4 with annual climate, soil, socio-economic and ir r igation var iables 

Var iable nr1_3 nr3_3            nr4_3       
satctemp -437.94587**  -506.32411**      -453.43025**     
satcwet 4.3852169 2.8856503        -7.382849      
satctemp2 8.1102322**  8.9314942**       8.0242678**     
satcwet2 .4256248 -1.2245506        .62557858      
percbkMU 140.33985*  69.811134        112.69427      
perclfCMU 174.88339*  239.0285**        230.5655**     
percndMU 59.801901 -25.9536       -13.842059      
percqlCU 38.40658 15.023755        33.924809      
percrdCMH -241.87225 -192.32551       -45.038381      
perczgCU -48.222298 36.745981         67.15758      
perclfCU -27.802179 -20.396214        4.6243598      
hhsize  1.0016293 1.4069702        1.1502783      
hhmalwork 1.5061295 -.38692985        .93585507      
hhfemwork -.34067598 .4039787        .25322958      
livestocks -.00012001 -.00008772       -.00006394      
flow_mean -15.420683 17.308489        10.194492      
roff_mean -.16865669 -2.4132912       -.99882362      
Irrigation 76.000673 52.616269        71.021961      
cropland -152.86728***  -64.525256***      -58.40453***    
cropland2 13.804482***  5.7106168**       5.1036269*     
_cons 6268.8612**  7380.3628**       6577.1622**     
n 1005 955 915 
r2 .17146473 .06507928        .05892995      
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
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Table 15: Model 4 with dry and rainy season climate, soil, socio-economic and ir r igation 
var iables 

Var iable nr1_3 nr3_3            nr4_3       
rstemp  -578.80773**  -464.05727*      -437.19693      
rstemp2 9.9890869**  8.0220169*        7.6259204*      
wetseason 91.853773 -11.200426        -8.023371      
wetseason2 -7.1569045 -.23259324        .16190323      
dstemp -27.54962 36.663237        61.137912      
dstemp2 .60514804 -.93607098       -1.4134606      
dryseason -123.18026* 1.4895949       -16.248404      
dryseason2 17.846283*  1.0016339        3.2875653      
percbkMU 178.88459**  106.99807        153.10715*     
perclfCMU 97.355087 247.60485*        229.39087*     
percndMU 75.730626  37.430585        42.927454      
percqlCU 101.30039*  44.142737        67.886537      
percrdCMH -344.93146  -316.96139       -191.46551      
perczgCU 7.0361951 62.82871        94.409795      
perclfCU 15.993328 16.395545        40.792014      
hhsize .69234718 1.7897668        1.4400296      
hhmalwork 1.3791334 -.86834361        .52929098      
hhfemwork .5494236 -.37615213       -.31385957      
livestocks -.00007074 -.00008167       -.00005208      
flow_mean -20.982535 9.5110389        1.3378233      
roff_mean -1.0537004 -2.4475138       -.89653084      
irrigation 91.735385 34.293778        53.628459      
cropland -159.49601***  -65.907938***     -60.784999***    
cropland2 14.358321***  5.8954179**       5.3718959**     
_cons 8959.2842***  6625.423*        5825.727*     
n 1005  955              915      
r2 .18160774 .07008405        .06400792      
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
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Table 16: Sensitivity analysis of the impacts of climate change on net farm revenue 
(nr1_3) with a 1.5°C increase in temperature (nrstemp, ndstemp) and a 8.5% (nwetseason, 
ndryseason) and 17% (n2wetseason, n2dryseason) decrease in precipitation 

Var iables No change on temp 
and precipitation 

Increase in temp 
(1.5°C) decrease of 
precip (8.5%) 

Increase in temp 
(1.5°) decrease of 
precip (17%) 

rstemp -539.97093**    
rstemp2 9.0599889**    
dstemp -301.3733   
dstemp2 6.2138963   
wetseason 97.237792**    
wetseason2 -10.451547**    
dryseason -56.085193   
dryseason2 14.369096*    
cropland  -149.61671***  -149.61673***     -149.61672***    
cropland2 13.573598***  13.573595***      13.573595***    
nrstemp   -567.14339**      -567.14343**     
nrstemp2  9.0598715**       9.0598721**     
ndstemp   -320.02204       -320.02203      
ndstemp2  6.2140144  6.2140142      
nwetseason  106.27131**   
nwetseason2  -12.483628**   
ndryseason  -61.295829                      
ndryseason2  17.162856*   
n2wetseason   117.15452**     
n2wetseason2   -12.483629**     
n2dryseason   -67.573093      
n2dryseason2   17.162852*     
_cons 11864.561***  13160.93***       13160.93***       
n 1005 1005 1005 
r2 .16577728 .16577728 .16577728 
legend: *  p<0.05; **  p<0.01; * **  p<0.001 
 

 

Table 17: Annual marginal effect of temperature and precipitation on net revenue 

Nr Coef Std Err . t P>t [95% Conf Interval] 
nr1_3 15.22352 4.541368 3.35 0.001**  6.311794 24.13525 
nr3_3 .1202209 4.803798 0.03 0.980 -9.307085 9.547527 

 
 
 
Annual temp nr4_3 -1.175228 4.992772 -0.24 0.814 -10.97394 8.623486 

nr1_3 16.03569 4.820172 3.33 0.001**  6.576852 25.49452 
nr3_3 6.334761 5.037872 1.26 0.209 -3.55191 16.22143 

 
 
Annual precip 
 

nr4_3 6.337911 5.215117 1.22 0.225 -3.897174 16.573 
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Table 18: Seasonal marginal effect of temperature and precipitation on net revenue 

Nr Coef Std Er r  T P>t [95%Conf Interval] 
nr1_3 -12.67957 12.07633 -1.05 0.294 -36.37759 11.01845 

nr3_3       11.16114    13.01795     0.86    0.391     -14.38633    36.70861 

 
 
 
 
Temp 
 

nr4_3       3.554169    13.49803     0.26    0.792     -22.93695    30.04529 

nr1_3 9.653828 14.08374 0.69 0.493 -17.98345 37.29111 

nr3_3 -.8028626    14.6222     -0.05    0.956     -29.49864    27.89291 

 
 
 
 
 
 
Rainy 
season 
 
 
 

 
 
 
Precip 
 

nr4_3       -1.907473   15.11179    -0.13    0.900     -31.56574     27.7508 

nr1_3 31.69155 13.41038 2.36 0.018 5.37564 58.00745 

nr3_3       -11.33705   14.41374    -0.79    0.432     -39.62373    16.94964 

 
 
Temp 
 
 

nr4_3       -4.276945   14.96813    -0.29    0.775     -33.65328    25.09939 

nr1_3 10.01265 19.70562 0.51 0.611 -28.65673 48.68203 

nr3_3       5.637067    20.49139     0.28    0.783     -34.57687      45.851 

 
 
 
 
Dry 
season  

 
Precip 
 nr4_3 8.959505    21.19236     0.42   0.673     -32.63244    50.55145 
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Figure 1: Interannual evolution of the rainfall in Diourbel (1950–2003) 
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Figure 2: Interannual evolution of the rainfall in Kolda (1950–2003) 
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Figure 3: Interannual evolution of temperatures at Diourbel (1951–2003) 
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Figure 4: Interannual evolution of temperatures at Kolda (1951–2003) 
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Figure 5: Evolution of millet cropped area in Senegal (1960–2002) 
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Figure 6: Evolution of groundnut cropped area in Senegal (1992–2002) 
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Figure 7: Evolution of total millet production in Senegal (1960–2002) 
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Figure 8: Evolution of total groundnut production in Senegal (1960–2002) 
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Figure 9: Evolution of groundnut yield in Senegal (1960–2002) 
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Figure 10: Evolution of millet yield in Senegal (1960–2002) 
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Figure 11: Annual rainfall and millet yield evolution in Kolda (1960–2002) 
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Figure 12: Annual rainfall  and groundnut yield evolution in Kolda (1960–2002) 
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Figure 13: Annual rainfall and groundnut yield evolution in Diourbel (1960–2002) 
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Figure 14: Annual rainfall and millet yield evolution in Diourbel (1960–2002) 
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Figure 15: Proportion of crops in total cropped land in 2002 
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Figure 16: Main crop production in 2002 
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Figure 17: Households gross revenue season 1  
 

 
 

 
Figure 18: Households gross revenue season 2 
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Figure 19: Households gross revenue season 3 
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Figure 20: Crop yields in 2002 
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Map 2: Agr icultural zones in Senegal 
 

 
Source: Pélissier (1983) 
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Map 3 :  Districts and villages sampled in Senegal
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