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ABSTRACT

In this paper, we simulate and evaluate the impact of extreme rainfall events on various sectors in the economy;
factors of production remuneration and economic growth in Senegal. A dynamic general equilibrium model is
developed which includes an index linking rainfall fluctuations to total productivity factor (TPF) and factor market.
Based on rainfall trends during the past three decades, we run simulations to assess the effects of rainfall values on
GDP growth. The results show that extreme events in rainfall pattern deeply affect GDP growth in Senegal; sharp
drops in rainfall lead to declining GDP and periods of abundant rainfalls are marked by better performance in term of
GDP. However, rainfall drops lead to losses in GDP growth in comparison to gains in GDP growth due to rainfall

surplus.
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INTRODUCTION

Already in the 1990s, global warming represented a
major societal concern. This well-known phenomenon is
nowadays becoming a more tangible threat. According to
the GEIC predictions (2007), the number of people in
Africa who might be facing water shortages by 2020 is
estimated between 75 to 250 million. Consequently, the
loss of agricultural land through desertification may also
be substantial. In addition to this, favourable periods for
cultivation will be shorter. In some countries where
agriculture is heavily dependent on rainfall there will be
frequent drought and lower crop yields. Sub-Saharan
Africa faces the largest food-deficit and water-scarcity
challenges. For many small farms in the semi-arid
tropics, itis simply not worth investing in fertilizers (and
other external inputs) so long as the risks for crop failure
and yield reductions remain a reality. These high risks
are associated with periodic water scarcity during the
growing season. Hence, economic growth can heavily be
dependent on rainfall. Since agriculture is directly linked
to other sectors of the economy, reduced agricultural
yields are expected to affect industries and services
through inter-sectoral linkages.

Moreover, after the latest global financial crisis,
many predictions pointed out relative optimism about the
future trend of growth in sub-Saharan African
economies, as compared to the rest of the world (World
Bank, 2012). However, this predicted trend highly
depends on several endogenous factors. From recent
literature on endogenous growth, human capital, public
expenditures, quality of institutions, macroeconomic
framework are quite crucial (Acemoglu and al., 2002,
Barro and al., 1995, Aghion and al., 1992, Mankiw

and al., 1992). In addition, growth depends on some
exogenous factors. Landlocked geography and tropical
climates seem to be highly prominent for many African
nations (Bloom and Sachs, 1998). As observed since
1960, rainfall has been on a general decline in Africa
(Nicholson, 1994; Barrios and al., 2010). For many
African countries, agriculture is an important sector and
it is mainly rain-fed, meaning that, decreasing rainfalls
might have had severe consequences on economic
growth (Nicholson, 1994; Collier and Gunning, 1999;
O’Connell and NDulu, 2000; Bloom and Sachs, 1998).

The effects of climate are increasingly visible and a
growing number of studies are being conducted to
produce more robust empirical evidence about its effects
on economic growth. Using a new cross-country panel
climatic data set in an empirical economic growth
framework, Barrios and al. (2008, 2010) have examined
the role of rainfall trends in poor growth performance of
sub-Saharan  African nations relatively to other
developing countries. The results show that the
detrimental changes in climate since the 1960s can
account for a substantial portion of the gap in agricultural
production between SSA and the rest of the developing
world. This results is close to the one established by
World Bank (1991) which found that decline in per
capita food consumption in Africa appears to be more
pronounced during the major drought episodes observed
from 1968 to 1973 and from 1981 to 1984. This suggests
possible impacts of drought on food productivity
(Tarhule, 2007). Benson (1994) showed also that major
drought that occurred in 1992 over much of southern
Africa led to a decline of 9%, 8% and 3% in GDP for
Zambia, Zimbabwe and South Africa, respectively.
Recently, literature has been enriched by several
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environmental studies based on the general equilibrium
model (CGE). Several studies have used this framework
to assess the costs attributable to climate change, in
particular, the cost in terms of production shortfalls in the
U.S (McDougall, 1997, Stuart and al., 1997, Parry and
al., 1990, Rosenberg, 1993).

The effects of rainfall fluctuation on the poor growth
performance of sub-Saharan African economies is
weakly explored as an area of research. Even if they are
assessed, economy wide and feed-back effects of rainfall
shocks are not analysed. In Senegal, the main activity of
the poor relies on rain-fed agriculture.

Most of studies dealing with effects of rainfall on
economic growth rely on partial equilibrium framework
(Nicholson, 1994; Bloom and Sachs, 1998; Collier and
Gunning, 1999; O’Connell and NDulu, 2000; Barrios
and al., 2010). In this paper, we try to analyse the effects
of rainfall on economic growth through a general
computable equilibrium (CGE) framework.

Several CGE models have been developed to assess
various issues related to Senegalese economy (Dissou,
2000; Dumont and al., 2001; Deculuwe and al. 2001;
Diagne and al., 2003; Boccanfuso and al., 2005;
Cabral, 2005; Fofana and al., 2005; Boccanfuso and
al., 2007). However, none of them have attempted to
analyse the effects of rainfall fluctuations on economic
growth. In this paper, our main objective is to assess the
impact of rainfall shocks on economic growth in Senegal,
using a recursive dynamic CGE model. With such a
framework, one can take into account the feed-back and
economy wide effects of shocks which pass through TFP,
factor markets, input-output channel and resource
reallocation process (Decaluwé and al., 2001). In a
sahelian economy like Senegal, extreme events in rainfall
pattern use to induce wide economic effects and also
feed-back effects due to intersectoral links between.

In the sections that follow, we conduct a descriptive
analysis of the changes in economic growth in relation to
rainfalls (Section 1).Section 2 explains the methodology
of our research. Section 3 displays the results. Finally,
the paper concludes and provides some implications for
policy and further research.

Background

In Senegal, even if more than half of active population is
located in rural area, the contribution of agriculture in the
GDP is relatively weak and is decreasing.

From 1980-2010, the share of agriculture in overall
GDP in Senegal has varied between 25 and 14 percent
(Figure 1). During the recent global economic crisis, the
contribution of agriculture to GDP has declined.
However a policy response to cereal shocks have been
set in, place so as to boost agricultural sector.

Hence, the impact of rainfall on the economy is not
too obvious. As in several sub-Saharan countries, the
lead crops are rain-fed. Although the country has a
considerable potential to expand irrigation to about
350,000 hectares, only 4% of irrigable land is currently
irrigated, and half of it is located in the Senegal River
valley. At least 80% of the cultivated areas which are
mainly devoted to millet and groundnuts cultivation are
rainwater dependent. Since the country is largely
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dependent on rain-fed agriculture, the changes observed
in agricultural yield are somehow associated with erratic
rainfall patterns.

Figure 1: Contribution of Agricultural Sector to total
GDP, 1980-2010 (in %)
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If productivity in the rice sector has nearly doubled in 30
years due to the expansion of irrigated land for rice
production, for the two other major crops groundnut and
millet it respectively increased by 14% and 17% over the
same period. Even if those gaps in crop yields can be
attributable to several factors (agricultural policies, real
exchange rates, trends in external markets, etc.),
irrigation, and access to water seems to be the main
factors that explain the performance of yield pattern of
rice and other main crops (groundnut and millet).

Figure 2: Rainfall fluctuation in mm, 1970-1999
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In Senegal, from 1970 to 1999 (Fig. 2), rainfall is
especially erratic, characterized by years of sharp decline
in rainfall, contrasting with rainy years. During the years
1983, only 394 mm was recorded, the lowest rainfall
amount for Senegal. By contrast, 1999 was a rainy period
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with the highest amount of rain. Although agricultural
activities are mainly rain-fed, rainfalls seems to be very
erratic.

In Senegal, during the critical decade of the 1980s,
agricultural value-added has changed in the same
direction as rainfall patterns (Figure 3). Moreover, the
pattern of GDP growth seems similar to that of
agricultural value added and this suggests that the
behaviour of the rest of the economy is closely linked to
agricultural performance, as highlighted by the inter-
sectoral linkages and technical coefficients in the
Senegalese input-output table. By the end of the period, it
appears that better rainfall pattern goes with better
growth path suggesting that a part of the recent growth
renewal comes from better climatic conditions.

Figure 3: Evolution of the GDP growth, agricultural
growth and changes in rainfall (in percent), 1980-1999
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DATA AND METHODS

In this paper, a dynamic general equilibrium model
based on a 2005 social accounting matrix (SAM) of the
Senegalese economy is used to trace the growth effects
of rainfall fluctuations. In other words, this model uses a
SAM from 2005 to simulate the effects of heavy and low
rainfall patterns on growth.

Model Description

The dynamic model of the Senegalese economy used in
this paper has been developed from the Exter model
(Decaluwe, Martens, Savard, 2001). This model applies
to a small open economy for which world prices are
given. The model is designed as a set of simultaneous
linear and non-linear equations, which define economic
agents’ behaviour, as well as the economic environment
in which these agents operate. This environment is
represented by market equilibrium conditions and
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macroeconomic balances. As rainfall shocks can induce
wide effects in the long term, a dynamic recursive model
is used.

A number of features have been added to the Exter
model: i) an endogenous function of total factor
productivity, the inclusion of public capital, land factors
and dynamic updating equations. The model developed
belongs to the strand of dynamic recursive CGE
literature, which implies that agents’ behaviour is based
on adaptive projections rather than on the forward-
looking projections that underlie alternative inter-
temporal optimization models. Since a recursive model is
treated one period at a time, it is possible to separate the
within-period component from the between-period
component, where the latter dictates the model’s
dynamics. In the next sections, we present an overview
of the model’s structure.

The within period' component

The within period component describes a one-period
static CGE model. The model integrates six factors of
production: non-qualified labour, qualified labour,
private agricultural capital, private non-agricultural
capital, public capital and land. The institutions selected
are households in Dakar, households in other urban
centres, rural firms, the state and the rest of the world.
The added value of the agricultural sector is expressed as
a Constant Elasticity Substitution (CES) function of
composite capital and a composite factor aggregating
land and labour, where labour is specified as a CES
function of qualified and unqualified labour, while the
composite capital is expressed as a Leontief function
specifying fixed shares of public and private capital
(private agricultural capital, private non-agricultural
capital). The added value of the non-agricultural sector is
instead expressed as a CES function of labour and non-
agricultural capital. Moreover, a function of export
demand in finite elasticity is introduced to take into
account the constraints faced by Senegalese producers on
the world market.

The between period component

While the static model described above is detailed in its
representation of the Senegalese economy within a
particular time-period, its inability to account for second-
period considerations limits its assessment of the full
effect of policy and non-policy changes. In order to take
into account the dynamics underlying the impact of
rainfall changes, such as the inter-temporal changes in
investments and the rate of capital accumulation, the
static model is therefore extended to a recursive dynamic
model in which selected parameters are updated based on
results from previous periods and inter-temporal
behaviours. The introduction of dynamic updating
equations contributes to better explain the linkages
between rainfall changes, factor accumulation, and
productivity changes. Current economic conditions, such
as availability of capital are endogenously influenced by
past economic conditions, but remain unaffected by
forward-looking expectations. The dynamic model is also
exogenously updated to reflect demographic changes that
are based on observed or inferred projected trends. The
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process of capital accumulation is endogenous. The
difference between the economic pattern under rainfall
shocks and the counterfactual scenario (steady, average
rainfall) are interpreted as the economy-wide impact of
climatic events.

Specific features

The stock of sectoral private capital at period t is equal to
the stock in the previous period, t-1, minus capital
depreciation, plus the capital accumulated during the
period t. Private capital accumulated during a period
depends on the ratio between return on capital and the
cost of this factor. Agricultural private capital is
distinguished from non-agricultural private capital as the
first one goes specifically to rural households whereas
the latter is supposed to be received by all categories of
households. For a given sector j, the stock of public
capital at the period t is also equal to the stock of the
previous period t-1 minus capital depreciation, plus the
volume of investment accumulated during the period t.
Public investment is a complement of private investment.
This relation defines the one that links the public capital
and the private capital in the tradable sector. In the public
sector, the investment at period t depends on the
available Government income.

The rainfall volume pluvya for each period t is a
function of the benchmark quantity of rainfall pluvo and
the index of rainfall tpluv in that area:

pluv),, = pluvo *tpluv! (1)
The average volume is calculated over a period of 30
years (from 1970 to 1999), which captures the most
important rainfall fluctuations in Senegal. The rainfall
index tpluv is set as the ratio between the current rainfall
volume and its average volume. Its calculation is inspired
by the Palmer drought severity index (Palmer, 1965). It
has been computed based on the data of Agricultural
Ministry (République du Sénégal, 2000).

The total factor productivity (TFP) in agricultural
sectors (4t,,) at period t is a function of the rainfall
quantity. It increases with the latter, but it can also
decrease when there is an excess quantity of rainfall. If
the relation is firstly positive, it can be negative if the
recorded quantity of rainfall is too important. For
instance, flood is supposed to have an adverse effect on
crops. So the correlation between the TFP and rainfall is
positive can be inverted beyond a threshold. To better
represent this relation, we assume that the TFP is as a
quadratic function of the rainfall:

Attra = htlra *(pll-lv’[tra)2 + htzra *(pluvttra) 2

In the land market, there is a share (beta_l;) of total

land (TOTLAND; ) that is used. With a rise in rainfall,

this amount of land used tends to increase. Drop in
rainfall tends to decrease the quantity of land used. We

assume that the amount of land used (beta_l;) is

positively correlated to the rainfall index (tpluvf).
According to the World Bank’s estimates (2007), the
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unemployment rate for Senegal is 13% in Senegal (Eq.
3).

beta_I, =beta_ I, *tpluy,” (3)

Therefore, the rate of underused land is an inverse of
beta_|I; . Drop in rainfall tends to increase the quantity
of land used. With a rise in rainfall, the amount of
underused land tends to decrease.

Hence, supply of agricultural land is equal to the sum
of demand of agricultural land by type, plus a volume of
underused land. The Eq. 4 is inspired based by the one of
unemployment in the labour market.

TOTLAND = LAND{,

tra

+ (L/beta_1)*TOTLAND

(4)

Land market equilibria is, hence, supposed to be affected
by rainfall hazards. In Senegal, following the last land
census (République du Sénégal, 1996), just 60% of the
agricultural land factor is used.

One feature of this model is the segmentation of
labour market and the introduction of an endogenous
unemployment. The wage curve approach, developed by
Blanchflower and Oswald (1994), is used to model the
labour market where we assume the existence of
unemployment in the skilled labour market. Workers in
this market are traditionally used in modern or formal
sectors where there is a rigidity in the wage setting. The
wage rate will therefore evolve according to the status of
this labour market and this behaviour is described by the
wage curve. It shows a negative relationship between
levels of unemployment and wages but reflects the fact
that areas (or sectors) characterized by high
unemployment rates are associated with low wages while
in area with low unemployment, high levels of wages are
observed. In the unskilled labour market, workers are
generally in the informal sector. The wage rate is
assumed to be determined by the interplay of supply and
demand. Thus, in this market, wage rate will be resulting
on a balance between the supply and demand of unskilled
labour.

System Constraints and Macroeconomic Closures
Equilibrium in the goods market requires that demand for
commodities equals supply. Aggregate demand for each
commodity includes household and government
consumption spending, investment spending, and export
and demand for transaction services. Supply includes
both domestic production and commodity imports.
Equilibrium is attained through the endogenous
interaction of domestic and foreign prices, as well as the
effects of shift that relative prices have on sectorial
production and employment (and hence institutional
income and demand).

Balancing factor demand and supply is based on
factor market characteristics. Labour and land market are
specified above. Capital is fully used and sector-specific.
The model includes three broad macroeconomic
accounts: the current account, the government balance,
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and the savings and investments account. In order to
ensure equilibrium in the various macro accounts, it is
necessary to specify a set of “macro-closure’ rules which
provide a mechanism through which adjustment is
assumed to take place.

The ratio between the current account and the GDP
is assumed to be fixed overtime. This fits one of the
convergence criteria of West African Economic and
Monetary Union (WAEMU) which Senegal is subjected
to. The exchange rate and inventories are fixed.
Institutions” saving propensity is fixed. Public
expenditures are assumed as fixed in real terms during
the first period. However, they increase at the same rate
as the population growth. Government savings, transfers,
and labour supply follow the same pattern. Therefore,
these different variables are fixed during the first period.

Whereas Senegal cannot borrow without any limits
mainly due to convergence criteria established by the
WAEMU, the long-term savings-investment linkage is
characterized by exogenous savings with no feedback
response from investment behaviour. Therefore the
model adopts a savings-driven closure. Finally, the
exchange rate is chosen as the numeraire. The model is
also homogenous of degree zero in prices, implying that
doubling all prices does not alter the actual allocation of
resources.

Data

A social accounting matrix (SAM) was constructed for
Senegal in 2005 from an input-output table (IOT) and a
household survey performed in the same year (National
Statistics and Demography Agency, ANSD). Data on
rainfall has been collected from the statistical office of
the Ministry of Agriculture. The resulting SAM is used to
feed the general equilibrium model described above.

In this SAM, households are identified on the basis
of three categories: rural households, households in
Dakar as well as households in other cities. Production
activities described by the SAM include agriculture,
groundnut oil industries, other agri-food industries, other
(non agri-food) industries, tradable services and non-
tradable services. The agricultural sector is further
disaggregated  into  nine  sub-sectors: maize,
millet/sorghum, rice, groundnut, cotton, horticulture,
fruit, livestock, fishing, and the rest of agriculture. Five
of them (maize, millet/sorghum, groundnut, cotton, and
“other agricultural type”) are rain-fed. Rice, horticulture
and fruit are mainly irrigated. We thus identify 15
production sectors in the national economy. With the
lack of estimated elasticities for the Senegalese economy,
the choice of some elasticities rely on some surveys done
on some other developing economies. Income elasticities
and the Frisch parameter come from work conducted by
Dorosh (1996) on the economy of Madagascar and
Dorosh and Lundberg (1993) on the economy of The
Gambia. The elasticities of substitution and
transformation come from the GTAP data basis and are
the one for sub-Saharan Africa.

We simulate two main scenarios: an optimistic one
and a pessimistic one. The scenarios rely on the
observation of the rainfall trend during a period of three
decades (1970-1999) characterized by extreme rainfall
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fluctuations in Senegal. During those three decade, years
of drought like those of 1983 and 1980—where recorded
rainfall quantities were respectively 394 mm and 496 are
in contrast with abundant rainfall years like 1999, when
Senegal recorded 868 mm. According to experts in
hydrology, with a decline of 20% of rainfall, drought sets
in Alberger, Carbonnel, Grouzis (1985). We assume
that the business as usual (BAU) is given by the average
rainfall recorded during the three decades 70s, 80s and
90s is equal to 618 mm. Hence, we simulate a pessimistic
scenario of drought assuming a decrease of rainfall by
20% beyond the average rainfall of the decade of the
80’s. In the optimistic scenario, we suppose, by
symmetry, an increase of rainfall by 20% below the
average. The effects of those fluctuations on sectors,
factors and GDP growth are analysed in the next sub-
sections. We thus assume that the effects of changes in
rainfall on sectors, factors and economic growth will pass
through the channels of yields, availability of cultivated
land and labour market. Even it’s an important
phenomenon; we do not analyse the issue of flood in this
paper. The main channels of rainfall fluctuations effects
on economic growth are productivity and returns. The
indirect effect is related to changes induced by spillover
effects of rain-fed agriculture on the rest of the economy.
The agricultural sector is inter-linked with other sectors
of the economy, as per the input-output matrix. In
addition, a decline in rainfall will indirectly affect non-
agricultural sectors depending on the intensity of the
inter-relations they have with the agricultural sector. Any
negative shock particularly on the "groundnuts” sub-
sector in Senegal will have negative effects on the
industrial sector (specifically the food oil industry). It
will also affect key services along agri-food chains, such
as transportation.

Sectoral effects
In the optimistic scenario, due to a high index of rainfall,
the agricultural value added increases. Changes in
agricultural value added with respect to the baseline are
8.6% in the first period and 14% in the last period
(Figure 4a). Even if its changes are relatively low,
tradable services are also sensitive to rainfall hazards,
while the changes in non-tradables services are very low.
In the pessimistic scenario, one can observe the same
range of decrease between sectors. Agricultural value
added observes a drop from 9.3% in the first period to
16.9% in the last period. Apart from factor demand,
agricultural value added is also driven by the TFP
(Figure 4b). Due to inter-sectoral links, industry reacts to
changes in agricultural value added induced by rainfall
events. Food industries (including groundnut oil
industry) predominantly influences that result.

Impact on the returns on factors of production

The agricultural sector makes intensive use of non-
qualified labour. Agricultural capital and public capital
used for agriculture are mostly used by groundnut,
millet/sorghum and other type of agricultural sub-sectors.
The agricultural capital is specific to the agricultural
sector and it is mainly concentrated in the groundnut,
millet/sorghum and other agricultural sub-sectors. Non-
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tradable services and industries mostly use qualified
labour. Tradable services and industries use also the
largest share of private and public capital.

Factors demand and returns will depend on sectors’
technology and their reactions to rainfall fluctuations.
The analysis of sectoral effects suggests that sharp
reductions in rainfalls (pessimistic scenario) leads to
lesser demand for land (and a decreasing return to land)
during the period. Important increases in rainfalls
(optimistic scenario) leads to an increase in the rate of
returns to land due to an increasing demand for that
factor (Figure 5).

During the periods of sharp increase in rainfall, rate
of return on agricultural capital tends to increase due to
an increase in the demand of that factor to offset the
declining trend of productivity. By contrast, periods of
sharp decline in rainfall are characterized by a decrease
in returns to agricultural capital. However, rate of return
to non-agricultural capital increases during periods of

increase in rainfall, but at a decreasing rate. For both
types of capital, changes from BAU tend to be reduced
by the end of the period due to resource reallocation
induced by the effects of long-term factor mobility
(Figure 6).

During the periods of extreme increases in rainfall,
wage rate for non-qualified labour tend to increase
(optimistic scenario) (Figure 7). In the case of extreme
decreases in rainfall, the demand for non-qualified labour
tends to decreases in rain-fed agricultural sectors
(pessimistic scenario). Non-agricultural sectors that are
directly linked to agriculture tend to fall into recession
and also released non-skilled labour. The wage rate for
qualified labour tends to increase in periods of rainfall
extreme drops—while it decreases in periods of sharp
rise of rainfall (Figure 7).

Figure 4a: Changes in value added growth w. r. t. the baseline during the optimistic scenario (in %)
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Figure 4b: Changes in value added growth w. r. t. the baseline during the pessimistic scenario (in %)
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Figure 5: Changes in the return to land (in %)
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Figure 6: Changes in return to agricultural and non-agricultural capital (in %)
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Figure 7: Changes in non-qualified and qualified wage rate (in %)

3 - 2 -
25 4
1.5
2 4
1.5 - 11
1 | 0.5 -
0.5 4
O T
0 T ! 1
05 | 1 2 3 6 7 8 9 10 o5
-1 4 1 4
-1.5 4
15 -
-2 -

optimistic scenario

optimistic scenario
----- pessimistic scenario

optimistic scenario pessimistic scenario

Sources: simulations.

18



RAAE / Cabral, 2017: 20 (2) 12-21, doi: 10.15414/raae.2017.20.02.12-21

These dynamics in remuneration factors affect GDP
trend.

Impact on GDP

During periods characterized by sharp rainfall increases
(optimistic scenario), changes in GDP growth with
respect to the baseline recorded progress from 2.3% in
the first period to 5.7% in the last period (Figure 8). By
contrast, during periods of sharp decline in rainfall
(pessimistic scenario), changes in GDP growth with
respect to the baseline shift from -3.0% in the first period
to -7.8% in the last period. By comparing effects driven
by optimistic and pessimistic rainfall pattern, it appears
that in Senegal, extreme drops in rainfall tend to induce
(in the long term) deeper reduction in GDP growth, than
the one recorded during extreme rises in rainfall. As a
result, sharp rainfall drops have a greater influence in
loss of points in GDP growth, in proportion to GDP
points gains in times of rainfall surplus. Losses of GDP
during poor rainfall periods are greater in absolute terms

Figure 8: Changes in GDP growth w. r. t. the baseline (in %)
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CONCLUSION AND POLICY LESSONS

Senegal is a Sahelian country where agriculture is largely
dependent on rainfalls. In this paper, we first build a
general equilibrium dynamic model within which we
introduce an index that captures rainfall fluctuations and
link it to the total factor productivity and the factors
market. We then simulate and evaluate effects of extreme
events in rainfall pattern on sectors, factors remuneration
and GDP in Senegal, by assuming an optimistic and a
pessimistic scenario. In the optimistic scenario, we
assume a rainfall increase by 20% beyond the average
rainfall of the 70s, 80s and 90s. In the pessimistic
scenario, we suppose also a decrease of rainfall by 20%
below the average.

The results obtained show that sharp drops in rainfall
lead to negative effects on GDP, while periods of
abundant rainfalls have a positive effect on GDP.
However, losses in GDP growth induced by sharp
rainfall drops are more proportional than gains in GDP
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than the gains during good rainfall periods, due to
decreasing value added that is more proportionate than in
the optimistic scenario. However, during periods of
pessimistic scenario where the TFP decreases, there is a
pressure on factors demand which set the rate of return
relatively too high, to allow a significant increase of
factors and value added. With regards to the two factors
which are labour and non-agricultural capital that are the
mainly used in the economy (81% of the factor return
distributed in the economy), it appears that for a scenario
of excess rainfall, demand for labour increases by 1.9
points of percentage (by4.8 points of percentage for non-
agricultural capital) at the end of the period. Also, it
decreases by 2.9 points of percentage (by 6.9 points of
percentage for non-agricultural capital) for a scenario of
rainfall shortage. This result comes from the fact that
during optimistic scenario, producers tend to demand less
factors due to an increase in productivity.

i GDP (pessimistic scenario)

growth recorded during periods of abundant rainfall.
Whatever could be the amount of resources devoted to
boost economic growth, this seems to be very sensitive to
rainfall shocks in Senegal as drops in rainfall lead to a
reduced economic activity or recessions.

Therefore, water management is going to become
highly crucial over the future for issues related to
economic growth in Senegal. This is specifically a
challenge for Senegal given that the country has mostly
rural dry-lands. As a result, better management of ground
water basins, renovation of dried natural water ponds and
extension of irrigated land will be key pillars that will
help the country to reduce agricultural sector
dependency on climate change.
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