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ABSTRACT

The purpose of this article is to analyze the effect of climate change on agricultural production in
Benin. As climate is the primary determinant of agricultural productivity, agriculture remains highly
vulnerable to climate change. To achieve this, cereal production is estimated based on rainfall,
average temperature and carbon dioxide emitted in Benin, growth rates of land used for cereal
production and the rural population. These results show that agricultural production is always
dependent on climatic hazards through the average temperature in the different models. This
influence is globally negative. Note that rainfall is not significant in any of the models. Also, the
concentration of CO2 has a downward influence on agricultural production. Finally, adaptation is
beneficial for cereal production. It is, therefore, necessary to strengthen the adaptation capacities of
producers.
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1. INTRODUCTION

The climate of the earth has been in a constant
change state. For more than a century, however,
the changes that have occurred are significant.
Thus [1] was the first scientist who speculated
that the concentration of carbon dioxide, a
greenhouse gas, in the atmosphere could
significantly alter the temperature of the planet.
This hypothesis, today, is verified because the
scientific basis of climate change is no longer
disputed [2]. The warming of the climate system
is unequivocal. From the 1950s to today, many
unprecedented changes for decades or even
millennia are observed. The effects are visible on
all continents.

The African continent, not even among the major
polluters, suffers the consequences in the same
way as the others. The manifestations of climate
change are not identical from one region to
another and from one country to another. In
terms of rainfall, the recent climatic variability in
Africa, and particularly in sub-Saharan Africa,
has shown a marked decline in rainfall and
hydrometric series leading to an average decline
observed in some rivers of the order of 40 -60%

since the early 1970s [4]. In terms of
temperatures, Africa is likely to experience
warming, whatever the season, during this

century [2]. The increase in temperatures is likely
to be greater within the semi-arid margins of the
Sahara and central southern Africa [5]. On the
other hand, the driest subtropics should
experience higher temperature rises than those
experienced in the humid tropics. Also, it is
expected that higher temperatures would
increase both the frequency and intensity of
extreme weather events for the continent: very
heavy rains, floods, forest fires.

Climate is the primary determinant of agricultural
productivity [6]. Thus, agriculture is very
vulnerable to climate change: high temperatures
and high carbon dioxide (CO2) concentration can
cause changes in rainfall, affect agricultural and
forestry systems and reduce crop yields, as well
as lead to the spread of weeds, infections and
diseases. As a result, for rural farming
communities in Africa, which produce a
substantial portion of their own food, and also
rural low-income non-farm households and urban
households. The impacts of climate change on
food production may reduce food availability [7],
which is one of the important dimensions of food
security. The impacts of climate change on food
availability will be felt differently depending on

the location. For example, moderate warming (1
to 3°C increase) is expected to benefit crops and
pasture yields in temperate regions, while in
tropical regions in the dry season it is likely to
negative impacts, especially for cereal crops.
Warming over 3°C is expected to have negative
effects on production in all regions [8].

Two main methods are used in the literature to
study the economic impact of climate change on
agriculture: the production function [9] and the
Ricardian approach [10]. The traditional
approach is a production function method that
relies on empirical or experimental production
functions to predict environmental damage. From
the limits of the production function approach,
[10] developed the Ricardian approach. The
basic concept of the approach is that land values
and agricultural practices are correlated with
climate.

Literature seeking to quantify the impacts of
climate change on the agriculture sector is
abundant. However, we present that of West
Africa. [11,12] find a negative impact of climate
change on Africa. Indeed, they use the Ricardian
approach to examine how farmers in 11 African
countries have adapted to existing climatic
conditions. They then estimate the effects of
projected changes in the climate while taking into
account the adaptation of farmers. The results
confirm that African agriculture is particularly
vulnerable to climate change. Even with perfect
adaptation, regional climate change in 2050
would lead to losses of 19.9% and 30.5% of
production respectively for Burkina Faso and
Niger.

In addition, [13] examine the impact of current
climate variability and future climate change on
millet production in three major producing
regions in Niger. Based on the analysis of rainfall
and production data for the last 30 years. In
2025, it estimated 13% decrease in millet
production is a consequence of climate change,
resulting in a reduction in the total amount of
rainfall for the months of July, August and
September, combined with an increase in of
temperature everything being equal elsewhere.

In Burkina Faso, climate change has a negative
impact on the agricultural sector. Indeed, [14]
evaluates the impact of climate change on
farmers' agricultural incomes in Burkina Faso,
using the Ricardian approach. The results of the
study showed that the relationship between
income and climate is non-linear. The marginal
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impact of temperature on farm income is -19.9
US $ per hectare while that of precipitation is
+2.7 US $ per hectare. Elasticity analysis shows
that agriculture is very sensitive to precipitation in
Burkina. The increase of 1% in rainfall results in
an increase in farm income of 14.7%. However, a
1% rise in temperatures leads to a decrease in
farm income of 3.6%. Sensitivity analyzes
showed that farmers will lose 93% of their
income following a temperature increase of 5°C.
They will lose all their income due to a 14%
decrease in precipitation. Because of the already
difficult climatic conditions, the scenarios of
reduction of precipitations and / or temperature
increase are very damaging to agriculture in
Burkina.

For Benin, according to [3], we can expect a
positive impact on different regions and cultures.
The climatic variability and in particular the
decrease of the precipitations from March to May
poses a significant risk to the food security of the
country. In the same way, for [15] find that cereal
yield is sensitive to temperature in Benin.

The objective of this paper is to analyze the
effects of climate change on agricultural
production in Benin. Specifically, we analyze the

impact of climate variables on the level of cereal
production. It will help understand the impact of
climate change on agricultural production, which
guarantees food security.

2. METHODOLOGY
2.1 Study Area

Benin is part of the intertropical zone. The
latitude ranges from 6°30° N to 12°30’ N and the
longitude from 1°E to 3°40’ E. It is limited in the
North by the River Niger, in the Northwest by
Burkina-Faso, in the West by Togo, in the East
by Nigeria, and in the South by the Atlantic
ocean. The Benin territory is divided into eight
Agro-Ecological Zone AEZs. It has three climatic
zones including the Sudanian zone (9°45' -
12°25'N), the Sudano-Guinean zone (7°30' -
9°45'N) and the Guinean zone (6°25' - 7°30'N).
The Sudanian zone (noted zone 1) is
characterized by a tropical climate with uni-modal
rainfall which extends from 9°45' to 12°25' North.
There are two seasons: a dry and a rainy
season. The Sudano-Guinean zone (noted zone
2), between 7°30' and 9°45' North, is a region of
climatic transition that is very unstable and
complex rainfall regimes are subject to the
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Map 1. The three main climatic zones in Benin
Source: [16]
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influence of the regimes of the south and the
North. The Guinean zone (noted zone 3) is
characterized by a subequatorial climate with a
bi-modal rainfall pattern that covers the entire
coastal basin, from the coast to the latitude of 7 °
30 'North.

2.2 Presentation of the Model

The production function approach relies on
empirical or experimental functions of production
to estimate environmental harm [17]. A baseline
function of production is then estimated to
assess the observed impact of climate change
(temperature, precipitation levels and carbon
dioxide CO2) on cereal production.

Let the production function whose mathematical
form is as follows:

Y =8y+ BiF+BF?+ 7 +u (1

Where: u = is the error term, F and F2 capture
linear and quadratic terms for temperature and
precipitation. The introduction of quadratic terms
for climatic variables reflects the non-linearity of
the relationship between production and climate.
And finally Z being control variables such as
factors of production.

More specifically, the model chosen is the

following:

Prod, = ag+ a,Plu; + a,Plu? + astm, +
a,tm? + asCo2, + agtxter, + a,txpr, + & (2)

With: t time in years; Prod; cereal production in
tons, Plu; the average rainfall in Benin; Tm,
being the average temperature in Benin in years
t; CO, the carbon dioxide emitted in Benin in
year t; txter; the growth rate of land used for
cereal production (hectares) in Benin; txpr, the
growth rate of the rural population aged 15-65 in
Benin in years t; and et the error term.

2.3 The Variables of the Model

2.3.1 The dependent variable

Cereal production (Prod;): It represents cereal
production in Benin. It's measured in tonnes, for
most cereals and refers to crops harvested for
dry grain only.

2.3.2 The explanatory variables

v' The average temperature(Tm;) of Benin in
year t:

This variable represents the average
temperature in Benin. It is the average of the
minimum and maximum temperatures
recorded in the six synoptic stations of
Benin. The influence of this variable on
cereal crop production is assumed to be
indefinite.

v Average rainfall (Plu;) in Benin:

This variable indicates the average level of
rainfall in Benin. It is also the average of the
rainfall heights recorded in the six synoptic
stations of Benin. As in the case of average
temperature, its influence is undefined on
cereal production.

v" The carbon dioxide emitted (CO ) in Benin:

This variable indicates the level of CO2
produced in Benin. It is supposed to capture
the fertilization effect of carbon dioxide. It
takes into account, the emission of carbon
dioxide from the use of fossil fuel or the
manufacture of cement. Also, it includes
carbon dioxide produced during the
consumption of solid, liquid or gaseous fuels.
It is expected to improve the yield of cereal
crops.

v The growth rate of land used for cereal
production (Txter;) in Benin.

This variable refers to the area harvested for
cereals such as rice, maize, millet, sorghum,
etc. This variable represents natural capital.
Production data for cereals refer to crops
harvested for dry grain only. The expected
sign for this variable is a positive sign.

v' The growth rate of the rural population aged
15-65 in Benin (txpry) in year t:

This variable indicates the evolution of the
rural population in Benin. It represents the
human capital in the model. It is obtained by
multiplying the rural population by the
proportion of the total population between 15
and 65 years old. It is expected to positively
influence cereal production.

2.4 Analysis Techniques and Data Source

In order to evaluate the impact of climate
variables on agricultural production in Benin, we
use the autoregressive lagged scale model
developed by [18,19]. The use of this technique
is based on various reasons. The bound test
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allows a mix of the variables | (0) and | (1) in the
model, which implies that the order of integration
of the variables is not necessarily the same.
Thus, the method of autoregressive distributed
lag (ARDL) regression model has the advantage
of not imposing a specific order of integration of
the variables of the model. Also, the use of this
model is justified by the fact that it takes into
account both the short-term and long-term
relationships between the variables tested. Third,
this approach is valid for small samples [19].

To study the presence of the long-term
relationship, a bound test based on the Wald or
the F statistic was proposed by [19]. The
asymptotic distribution of F statistics is non-
standard under the null hypothesis of no
cointegrating relationship between the variables
studied, regardless of whether the explanatory
variables are purely 1(0) or I(1). The cointegration
relationship for the grain production equation is
estimated using the bound test, which is based
on the following unrestricted error-correction
model:

AProd, = ay+YF_,ay;AProd,_+¥F_, ayAPlu._; +

Yioo aziATme_+ %F_o agACO; i +Xf_; asiATer;; +

Z?zl ag;APoprur + b Pib,_,+ b,Plu, 1+

bsTmi_1+ byCO; 1 + bsTery_q + bgPoprur,_; + u,
®)

Where AProd,, APlu,, ATm,, ACO, ., ATer, +
APoprur, are the first differences of the
variables of the model, and u;, represents the
error term which is a white noise. The terms a;;
to ag; represent the short-run dynamics of cereal
production and those b, to by  represent the
long-run dynamics of the model.

To verify the existence of a long-term relationship
between the variables, the cointegration test is
based on the Fisher statistic where it is assumed
that the coefficients of the variables in level are
all equal to zero under the alternative hypothesis
that, no coefficients are nil i.e. no cointegration
between the variables studied [19]. More
formally, we carry out a test of common
significance, where the null and alternative
hypotheses are:

Hy: by = b, = by = by = bs = bg = 0 ( No long-term
relationship)

Hy: by # by # by # by # bs # bg # 0 (Existence of
long-term relationship)

The use of the Wald test or the F statistic makes
it possible to test the significance of the lag of the
variables by taking into account the constraint of

an error correction model (ECM). The asymptotic
distribution of this test (Fisher's respectively) is
non-standardized under the null hypothesis of no
cointegration between the variables. Therefore,
the calculated value of this statistic must, to
validate or invalidate one of the hypotheses, be
compared with the critical values tabulated in
Table CI(Ill) of [19]. According to these authors,
the critical values of the lower limit assume that
the explanatory variables are integrated of order
zero, or 1(0), while the critical values of the upper
limit assume that they are integrated of order
one, or I(1). Therefore, if the computed F statistic
is lower than the lower limit value, the null
hypothesis is not rejected and the non-existence
of a long-term relationship between production
and its determinants is concluded. Conversely, if
the calculated F statistic is greater than the upper
limit value, then the output and its determinants
have a long-term level relationship. On the other
hand, if the calculated F statistic is between the
lower and upper limit values, the results are
inconclusive. To determine the quality of
adjustment of the ARDL model, diagnostic and
stability tests are performed

The estimation of the model will be done by the
Ordinary Least Squares (OLS) method on the
STATA 12 software. Preliminary tests (ADF test
on the variables, KLEIN multicollinearity test) and
validation (the global significance test and
model variables, error quality, stability test of the
model) are needed for the interpretation of the
results.

The data to be used in this section is secondary
data. Cereal production, land under cereal
production and rural population, and carbon
dioxide come from World Development Indicators
(2015). Rainfall temperatures and heights come
from ASCENA Benin. The data used for the

analyzes start from 1971 to 2013, i.e. 43
observations.
3. RESULTS
3.1 Descriptive Analysis of Model

Variables

The figures present the simultaneous evolutions
of cereal production, climate variables and CO,
emitted in Benin.

The observation of Fig. 1. makes it possible to
say that the average temperatures, globally,
evolve in the same direction as the cereal
production, even if one notices moment by
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moment evolutions with saw tooth. The
correlation coefficient gives 0.77 reflecting the
positive and strong relationship between average
temperature and agricultural production. In
addition, there is a generally similar evolution
between production and rainfall. The correlation
coefficient is 0.40. The link is positive but weak
between the two variables.

The Fig. 2 shows a roughly identical evolution
between the production and the level of CO2
emissions in Benin over the study period. The
correlation coefficient is equal to 0.92. Thus the
link is positive and strong between the amount of
CO2 emitted and the cereal production.

The correlation matrix asserts that the links
between the growth rate of land under
cereal production and all other exogenous
variables in the model are small. All correlation
coefficients are lower than 0.12 and are also
insignificant at the 5% threshold. In addition, the
correlation coefficients between all the other
exogenous variables that are significant at the

5% threshold range from 0.28 to 0.76. Thus, all
are less than 0.90 decreasing the risk of
an endogenous relationship between the
variables.

3.2. Results of Stationary Tests

Before any estimate, it is useful to see if the
variables are stationary. A series is said to be
stationary when its mean and its variance are
constant over time. Several tests make it
possible to study stationary of time series. The
Augmented Dickey-Fuller (ADF) test was used.
The realization of this test shows that the cereal
production, the CO2 emission level and the
growth rate of the areas are stationary in first
difference. On the other hand, all other variables,
namely rainfall, average temperature, and growth
of the rural population, are stationary in level.
The results are shown in Table 1.

All series are not stationary at the same level so
there is a risk of cointegration. In addition, the
presence of a mixture of 1(0) and I(1) variables in

T
1990
year

T T
2000 2010

nor_prod
........... nor_plu

————— nor_tm

Fig. 1. Evolution of cereal production, average rainfall and temperature

Table 1. ADF test on the model variables

Variables Level difference Type of model Lags P-value  Observation
Prod 1 3 1 0.0000 Stationnary
Plu 0 2 0 0.0000

Tm 0 3 0 0.0000

CO, 1 1 0 -

Txter 0 2 1 0.0000

Txpr 1 1 0 -

NB: Model [1] = model without constant nor trend; - Model [2] = model with constant and without trend; - Model
[3] = model with constant and trends
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Fig. 2. Evolution of cereal production and the level of CO2 emissions in Benin

Table 2. Cointegration test result for agriculture production model

Wald statistic

Critical threshold

Lower limit value  Upper limit value

Model without adaptation 4,93 1%
5%
10%

6,94 1%
5%
10%

Model with adaptation

4,29 5,61
3,23 4,35
2,72 3,77
3,41 4,68
2,62 3,79
2,26 3,35

Note: the calculated statistic F: 4.0517 (significant at 0.05 of the marginal value). Critical values are quoted from
[19], Table CI (iii), Case 111: without drift and trend.

the model excludes the feasibility of [20,21] tests.
Thus, to test cointegration we rely on the
procedure proposed by [18,19]. Therefore, the
ARDL model is used for the estimates.

From Table 2, it emerges that the calculated F-
6.94 for the model with adaptation (respectively
4.93 for the model without adaptation) is greater
than the highest critical value of the table of [19]
at 5% which are 3.79 (respectively 4.35 for the
model without adaptation). Therefore, we can
conclude that there is a long-term relationship
between cereal production and its determinants
in Benin.

3.3 Presentation and Analysis of Model
Results

3.3.1 Presentation of the preliminary results

Two models are highlighted. The first without
adaptation captures the influence of climate

variables on production and the effect of CO2
concentration on production. The second one
says with adaptation takes into account the rate
of increase of the cereal lands and the rate of
increase of the rural population of the age group
15 - 65 years. The results presented in Table 3
are derived from the model estimate. The Fisher-
Snedcor test shows that the regressions are
globally significant. The adjusted coefficient of
determination R? of the model without adaptation
is 0.47. The integration of the area and the rural
population improves the quality of the adjustment
with the adjusted coefficient of determination R
equal to 0.60.

On the other hand, the quality of the residue
remains important in the respect of the conditions
which make the OLS a BLUE estimator; in this
case normality, homoscedasticity, and non-
correlation of errors. The normality test of
Jarque-Bera residuals makes it possible to
accept the null hypothesis of normality of errors.
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The P-value being greater than 0.05 for both
models then the model residuals follow a normal
distribution. For the first two properties, the
Breusch Godfrey autocorrelation test gives an P-
value greater than 0.05 for both models, which
asserts that the residues are not autocorrelated.
However, for the Breusch Pagan
heteroscedasticity test, only the residues of the
model with adaptation are homoscedastic. The
same is true for the Ramsey RESET variable
omission test. Indeed, for the omission test, only
the P-value of the model with adaptation is
greater than 0.05 that does not allow to reject the
null hypothesis of absence of omitted variables in
the model. With regard to the multi-collinearity
test, in the two models estimated, the average of
the VIF is less than 5. Thus, there is no multi-
collinearity between the exogenous variables of
the model.

3.3.2 Presentation and analysis of the model
results

The Table 3 shows the short and long-term
dynamics for each of the two models.
The results of the estimations show that the
restoring force (- 0, 24) is significantly negative
and less than unity in absolute value for equation
(1) of the model without adaptation. The
introduction of quadratic terms for climate
variables to test the non-linearity of the
relationship between production and climate
gives equation (2). Note that the return force is
significant, so the error correction model is valid.
On the other hand, climate variables and their
quadratic terms are not significant in the short
term as well as in the long term. Thus, we can
conclude a linear relationship between cereal
production and climate. For the model with
adaptation, the restoring force is -0.31 and is
significant at the 1% threshold.

The model without adaptation shows that climate
change affects grain production. Indeed, the
temperature is significant at long-term and short-
term. Its marginal propensity is 581447.7 and -
144295 respectively. In other words, a rise (or a
decrease) of about one degree Celsius in the
average temperature would lead to an increase
(or a decrease) in cereal production by 581
thousand tonnes at long-term. On the other
hand, in the short term, a rise (or a fall) in the
order of one degree Celsius of the average
temperature would lead to a decrease
(respectively an increase) in cereal production of
144 thousand tons. It is also noted that the
emission of CO2 significantly influences cereal

production at the 5% threshold. The effect is
positive at long-term but negative at short-term.
For this variable, in the short term, a drop (or a
rise) of one kilotons of CO2 emissions would
lead to an increase (respectively a decrease) in
cereal production of about 204 tonnes. However,
at long-term, a rise (respectively a decrease) of
the same order would lead to an increase
(respectively a decrease) in cereal production of
about 184 tonnes.

It should be noted that without adaptation,
climate influences cereal production through
average temperature. The influence is positive at
long-term but negative at short term with the
effect of short term higher than that of long-term.
Also, the emission of carbon dioxide influences
the cereal production in Benin. It is also noted
that the negative impact at short term is greater
than that at long-term in absolute value.

The results of the model with adaptation, go in
the same direction like the first with some
nuances. It should be noted that adaptation in
this model is limited since it takes into account,
depending on the availability of the data, only two
adaptation variables. Estimates suggest that
production is always influenced by climate,
particularly by temperature. However, the
influence is significant only at short-term. In other
words, with adaptation the climate does not
influence long-term  agricultural  production.
However, a rise (respectively a fall) of about one
degree Celsius in average temperature would
lead to a decrease (respectively an increase) in
cereal production of 103 thousand tonnes at
short-term. Note that with or without adaptation
to short -term, the average temperature
negatively influences the production but the
magnitude is reduced by about 30% in the model
with adaptation.

For the emission of CO2, the influence is present
as well in short long-term as in short long-term as
in the first model. However, for the long-term, the
beneficial effect on production of an increase of
one kilotons of emission increases from 184 tons
to 200 tons with the adaptation being an increase
of 9%. Also, at short-term, there is a reduction in
the magnitude of the negative impact of a one-
unit increase in CO2 emissions from 204 tonnes
to 177, a decrease of 13%. In conclusion,
adaptation is beneficial in every respect. It makes
it possible to cancel the effect of the temperature
on cereal production in the long-term and makes
it possible to obtain a reduction of the magnitude
of approximately 30% at short-term. For the
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Table 3. Result of the model for estimating cereal production

Model without adaptation

Model with adaptation

D.prod (1) D.prod (2) D.prod
Tm 581447,70** 42800000 220919,8
Plu 286,73 -4638,80 285,02
Co2 184,01*** 285,34*** 200,15***
m? -769337,6
Plu’ 2,34
Txter 1733943**
Txpoprur 10200000**
L1.Prod -0,24** -0.18** -0,31 ***
D1.tm -144295*** 3275833 -102866,3**
D1.plu 10,81 482,74 -62,92
D1.co2 -204,23*** -170,34*** -177,24%**
D1.tm? -61044,27
D1.plu? -0.20
D1.txter -237828**
D1.txpoprur -798418,7
Constant -3767416** -110000000 -1926542
Observations 42 42 42
Adj R-squared 0,47 0,58 0,60
Prob> F 0.0001 0.0000 0,0000

*significant at 10% level; ** significant at 5% level; *** significant at 1% level
NB: D1.X: first difference of the variable X and L1.X: The variable X delayed by one period.

emission of CO2, the adaptation makes it
possible to increase of 9% the agricultural
production, to long-term. Also, it helps reduce the
decline in agricultural production by 13% at short
-term.

These results show that agricultural production
is always dependent on climatic
hazards, particularly through the average
temperature in the different models. This
influence is globally negative. Note that rainfall
is not significant in any of the models. In
addition, the concentration of CO2 has a
positively influence on agricultural production.
Finally, adaptation is beneficial for cereal
production.

4. DISCUSSION

According to [22] it is expected in the north a
significant increase in surface temperatures of
about 1 to 2 ° C in 2025 both during the dry
season and during the rainy season. Thus, we
can expect a decline in cereal production from
about 144 to 288 thousand tons in the years
before the 2025 horizon before experiencing an
increase in production all else being equal in the

absence of adaptation. This analysis remains to
be relativized because, this increase in yields
can be counteracted by a greater variation of
very strong precipitations at the beginning and at
the end of the rainy season; monsoons of shorter
duration, delayed with irregular rainfall, i.e.
climatic shocks that are not taken into account in
this model.

Moreover, according to [3], "In the southern
region of Benin (at latitudes less than 7.5 ° N), an
almost constant annual rainfall could be
observed up to 2050, with variations observed
every five years not exceeding hardly 0.2% with
a maximum of 0.2% in the West sector (increase)
and a minimum of -1% in the East sector
(decrease) .North of this latitude, a slight
increase would be observed, which could up to
3.3% and 3.8% in 2050 respectively in the North
West and North East ". Thus, it can be assumed
that the influence of rainfall on agricultural
production in the north of the country will not be
perceptible until 2050 since it is not significant
and its variations are not large.

Our results are similar to those of [15].
These authors conclude that cereal yield is
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sensitive to variations in rainfall in Burkina
Faso and temperature in Benin. However, it
does not seem to be influenced by the
temperature in Burkina Faso and the
rainfall in  Benin. The results of the
model differ from those of [15] in relation
to the concentration of CO2. Their regression
model with CO2 emission shows a non-
significant impact on grain yield in Benin and
Burkina Faso. In this model, however, the
concentration of CO2 influences agricultural
production. .

The results of our model confirm those of
[23] that show that food production remains
highly  vulnerable to the influence of
adverse weather conditions. The results of this
model are contrary to those of [24], who
show that higher temperatures and more rainfall
in summer have increased agricultural production
while high temperature falls are harmful.
Similarly, these results run counter to that of [25],
who concludes in the case of Ethiopia that 10%
decrease in the amount of rainfall below the long-
term average leads to a 4.4% reduction in food
production.

It should be noted that the model does not
support the assertion of a threshold effect
as suggested by the conclusions of [8]. For
the [8] moderate warming (an increase of 1 to
3°C) is expected to benefit crops and
pasture yields in temperate regions, while in the
tropical regions of Africa and in the dry season it
is likely to have negative impacts, especially for
cereal crops. Warming over 3°C is expected to
have negative effects on production in all
regions.

5. CONCLUSION

The objective of this paper is the analysis of
the effect of climate change on agricultural
production in Benin. The estimates show
that without adaptation, climate change affects
grain production. Indeed, it will be remembered
that without adaptation, the climate influences
the cereal production through the average
temperature. The influence is positive at long
term but negative at short term with that of
short term higher than that of long term. Also,
the emission of carbon dioxide influences
the cereal production in Benin. It is also
noted that the negative impact at short term
is greater than that at long term in absolute
value.
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For the results of the model with adaptation, they
go in the same direction as the first with some
nuances. It should be noted that the adaptation
in the model is limited since taking into account,
depending on the availability of the data, only two
adaptation variables. It shows that the production
is always influenced by the climate, especially by

the temperature, although the influence is
significant only at short term. Thus, with
adaptation the climate does not influence

agricultural production at long term. For the
emission of CO2, the influence is present as
well in long term as in short term as in the first
model.

In view of the results obtained, it is necessary to

strengthen the adaptation capacities of
producers. The adoption of adaptation
strategies will help mitigate the impact of

climate change on production in general and
cereal production in particular. Since rural
households consume the majority of their
produce, this measure will allow them to stabilize
their consumption, making them less vulnerable
to food insecurity.
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