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Climate Change and Inflation in WAEMU
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Abstract The objective of our study is to analyze the effects of climate change on inflation in the WAEMU area. The
equation of the Quantitative Theory of Money (QTM) and the generalized moments method (GMM) are retained. The annual
data are from 1991 to 2015. We find that the main factors of inflation in WAEMU are economic growth, imported inflation
and instability in rainfall. The authorities must therefore work to modernize agricultural techniques through the
industrialization of the agricultural sector, literacy and the training of local farmers. In addition, states must make risk
management a priority and allocate resources to it as part of local development plans.
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1. Introduction

Inflation creates instability, unrest and anxiety as it
distorts the economic decision-making process and is an
obstruction to economic growth (Ftiti, 2010). But the
questions about the causes of inflation are vast. Monetarist
economists such as Friedman (1963) argue that "inflation is
always and everywhere a monetary phenomenon'. For them,
any increase in the amount of money put into circulation is
followed by a surge in prices. According to monetarists,
banks are influential players in rising prices. They see money
as the sole cause of inflation. For these authors, banks
participate in the process of inflation by the flow of
additional purchasing power that they inject into the
economy. The assumptions of the monetarists are at the base
of the different formulations of the quantitative theory of
money.

As for Keynesian approaches, inflation is a
macroeconomic phenomenon. It comes from multiple
reactions or interactions between the variables of the
economic circuit. In Keynesian theory, inflation is due to an
imbalance between aggregate demand and the global supply
of money. This is called inflation by demand. Keynesians
also believe that inflation can come from a growth in the
remuneration of factors of production greater than that of
their productivity; we talk about inflation by costs. The New
Phillips Keynesian Curves (NPKC) present current inflation
as a linear function of expected inflation and output
gap (Output Gap). Keynesians also commented on growth
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inflation. Their explanation is that inflation is a result of
economic growth and the wage increases it generates. Thus,
the risk of inflation would exist only in a situation of full
employment and would be a consequence of economic
overheating.

For psychologists, one of the primary causes of inflation
are expectations. For them, individuals are convinced that
the process is cumulative and endless. They also consider
mimetic contagions as determinants of inflation.

As for the regulationist theory, the economic and political
institutions of a country can also be considered as influential
factors of the price surge through the mode of regulation.

As an extension of the theory, several empirical studies to
identify the determinants of inflation have been made in
developed economies and developing economies. They
resulted in the determination of several determinants.

Indeed, Diabaté (2019) identifies the determinants of
inflation in West Africa, mainly in the WAEMU zone, in
order to help improve the conduct of monetary policy.
Dynamic panel modeling (GMM) is used. The results of the
estimation show that in addition to the rate of economic
growth and the money supply, the devaluation has a
significant effect on inflation. Moreover, Diabaté (2019)
shows that inflation is not systematically a monetary
phenomenon in West Africa.

In their study, Musa and Yousif (2018) analyse the
determinants of inflation in Sudan over the period 2000-2017.
They use a GMM. Their work led to the conclusions that the
increase in the money supply and the consumer price index
rise to higher inflation. The reduction in the exchange rate
leads to a high inflation rate. However, the increase in gross
domestic product, the unemployment rate and government
spending are leading to a fall in the inflation rate in Sudan.

Nguyen et al., (2017) analyze the dynamics of inflation on
sub-Saharan Africa (SSA) countries that are not in the
African Financial Community (CFA) franc zone (NCFA)
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over the past 25 years. The authors use a Global VAR model.
Their study shows that domestic demand pressures, global
shocks, and especially those of production explain the
dynamics of inflation in sub-Saharan African countries.
They find that inflation factors in sub-Saharan Africa have
changed considerably over the last decade. Indeed, their
results show that domestic supply shocks and changes in
exchange and currency rates have been the main factors of
inflation in sub-Saharan Africa over the past 25 years. In
addition, their study links food imports to country
characteristics, including vulnerability to climate shocks, the
economic importance of agriculture, and trade openness.

In addition to these traditional determinants, Benson and
Clay (2004) have shown a positive relationship between
natural disasters caused by climate change and inflation.

This implies a significant impact of climate shocks in the
dynamics of inflation in the WAEMU countries, while most
of these countries are suffering the effects of climate change.
The authorities of the states of the West African Economic
and Monetary Union (WAEMU) are not left behind.

To our knowledge, there is no study that has addressed this
aspect of price evolution in WAEMU. As a result, the states
of the Union account for more than 60 percent of their
populations dependent on agriculture. Moreover, the
agricultural production system is traditional and uses archaic
and rudimentary means; this strongly exposes peasants to the
adverse effects of climate instability. Thus, the economies of
WAEMU could be negatively impacted by the instability of
climate factors such as rainfall and temperature, for example.
Indeed, a very high rainfall could destroy crops causing a
shortage of supply on the market and reduce the purchasing
power of farmers. Also, very low rainfall will reduce crop
and therefore the income of farmers; anything that has the
effect of increasing prices beyond their usual level. In view
of the above, it seems important to analyze the effects of
these factors on these economies through their links to
inflation. How climate change could it cause a fluctuation
downwards or upwards of inflation? Our study therefore has
the general objective of analyzing the effects of climate
change on inflation in WAEMU. In concrete terms, we will
first identify the theoretical determinants of inflation. Then
we will evaluate the impact of climate change indicators on
inflation in WAEMU.

The rest of the article is as follows: the second section is
the subject of the literature review. Section 2 outlines the
methodology of the study. Section 3 presents the results of
estimation. Section 4 outlines the conclusion and the
resulting economic policy recommendations.

2. Methodological Approach

2.1. Basic Model

Based on the literature above among others Diabaté
(2019), Musa and Yousif (2018), Nguyen et al., (2017), our
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model integrates the links between economies, as well as the
role of regional and global demand and inflationary spillover
effects. They find that domestic demand pressures as well as
global shocks, and particularly those of production, have
played a more important role in controlling inflation over the
last decade. This implies that the factors mentioned above
play a more or less important role in the dynamics of
inflation in sub-Saharan African countries. Moreover,
according to Benson and Clay (2004), there is a positive
relationship between natural disasters caused by climate
change and inflation. In addition, the indicators of climate
change selected are variations in temperature and variations
in rainfall. Thus, the supply side, we retain the gross
domestic product, changes in temperature and changes in
rainfall. From the above, we can write the model in the form
of equation (1):
INF = f(MG,GDP,IMPINF,TpC, PrC) 1)
Also, according to psychologists, there is a cumulative
effect of memory at level of inflation, leading us to the
choice of a dynamic model. Finally the equation of inflation
will form:
INF;, = By + P1INF; ;4 + BoMG;, + B3IMPINF;, +
B1GDP;, + BsTpC; . + .BGPTCi,t +&i; (2
Table 1 gives some brief descriptions and notations for

these variables that will be used in the data analysis. It should
be mentioned that the rate of inflation is annual.

Table 1. Description and measures of determinants

Symbols Represent Description Source
Economic growth;
Real GDP Annual changes in gross BCEAO
GDP domestic product at
growth rate L (2018)
constant price in each
country.
Annual changes in the
Growth rate quantity of money and BCEAO
MG of money . .
supply quasi-money in each (2018)
country.
Domestic prices rise as a
result of higher imports.
i World Bank
IMPINF I_mpor'ted . We use imported
inflation inflation as the proxy for | (WDI, 2018)
the consumer price index
in France.
Annual variation in FAO
TpC Temperature | temperature in °C ineach | (FAOSTAT,
country. 2018)
. Annual change in the FAO
Rainfall ; .
PrC - amount of rainfall in mm | (FAOSTAT
variations ; ’
per year in each country. 2018)

Source: Author

These are annual data, with a study period from 1991 to
2015. Guinea-Bissau was not taken into account due to lack
of data in some vyears. Indeed, Guinea-Bissau joined
WAEMU in May 1997.
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2.2. Estimation Method

The estimation method chosen is the generalized moments
method (GMM) in dynamic panel introduced by Arellano
and Bon (1991) and Arellano and Bover (1995).

Unlike GMM dynamic panel, standard econometric
techniques as OLS does not provide unbiased estimates
because of the presence of the lagged dependent variable on
the right of the equation. This results in biased estimates.

The generalized method of moments (GMM) based on the
orthogonality conditions between the lagged variables and
the error term in both first difference in level. The
generalized moments method has very specific advantages,
namely the nature of the data panel and the solutions it
provides. Indeed, the GMM dynamic panel allows to provide
solutions to the problems of simultaneity bias, reverse
causality and omitted variables. Also, this method allows
both to control the individual and time specific effects. It also
makes it possible to overcome the endogeneity biases of the
variables, especially when there are one or more delays of
the dependent variable as an explanatory variable. In case
of endogeneity, estimates are made using instruments. An
instrument for an endogenous variable is a variable that is not
correlated with errors but correlates with the endogenous
explanatory variable.

Thus, it gives an efficient estimation of the model contrary
to the Ordinary Methods.

There are two variants estimator of GMM dynamic panel:
The GMM in first differences of Arellano and Bond (1991)
and the GMM in system of Blundel and Bond (1998). To
estimate our model we use the GMM in difference
"GMMDiff" of Arellano and Bond (1991). This estimator is
based on the first difference of the variables, eliminating the
specific effects of the country while taking appropriate levels
of instruments lagged values (in level) for all potentially
endogenous variables. Autocorrelation tests of the first
difference errors are proposed by Arellano and Bond (1991)
to verify the validity of these moment conditions. In addition,
the Sargan (1958) and Hansen (1982) over-identification
tests make it possible to check the exogeneity of the
instruments and to validate them.

After the methodological approach, we present the
different results of the tests and the final estimation of the
model.
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3. The Results

3.1. Descriptive Statistics

Table 2 summarizes the results of descriptive statistics
for raw variables prior to modeling. The standard deviations

of the different variables are small; a logarithmic
transformation is not necessary.
Table 2. Descriptive statistics on variables

Variables | Average | Standard deviation | Minimum | Maximum
INF 3,606577 6,725595 -7,796642 39,16277
MG 2,806455 0,4434926 1,904174 3,850508
GDP 3,847193 3,57054 -13,7 16,2

IMPINF 1,591797 0,7761357 0,0378037 3,216935
PrC 0,0171903 0,1662926 -0,3590881 | 0,7021418
TpC 0,7905086 0,3594921 -0,166 1,818

Source: Author from BCEAO (2018), FAOSTAT (2018) and WDI (2018) data

3.2. Presentation of Test Results

Table 3 presents the results of the interindividual
dependence test of Pesaran and Smith (1995). It clearly
indicates that there is a strong cross-sectional dependence
between the different variables of our model because the
p-values are less than 5%; we therefore reject the null
hypothesis.

Table 3. Pesaran and Smith Dependency Test (1995)

Variables CD-test P-value Corr.
INF 21,17 0,000*** 0,924
MG 2,44 0,015** 0,106
GDP 5,12 0,000*** 0,224

IMPINF 13,54 0,000*** 0,437
TpC -3,08 0,002*** -0,134
PrC 3,24 0,000*** 0,341

Note: ***; ** * significant at the 1%, 5% and 10% thresholds respectively
Source: Author from BCEAO (2018), FAOSTAT (2018) and WDI (2018) data

Table 4 presents the results of the unit root tests. The
inflation and real GDP growth, changes in temperatures and
changes in precipitation are stationary in level. Moreover, we
find that the money supply growth and imported inflation are
stationary in first differences.

Table 4. Summary Table of IPS and CIPS Unit Root Tests

Level variables Difference 1*
Variables IPS CIPS IPS CIPS Degree of integration
Coef. p-value Coef. Coef. p-value Coef.
INF 6,0911 0,0000 -5,989%*** -8,5100 0,0000 -6,420%** 1(0)
MG 0,0456 0,5182 -2,603 -6,6948 0,0000 -4,552%** 1(1)
GDP -3,5952 0,0002 -4,344%** -7,9468 0,0000 -5,612%** 1(0)
PrC 4,5842 0,0000 -3,891*** -5,1878 0,0000 -5,175%** 1(0)
IMPINF -1,2577 0,1043 1,700 -6,2701 0,0000 -4,374%** 1(1)
TpC -5,9301 0,0009 -6,182 -6,9846 0,0000 -4,977x** 1(0)

Note : *** ; ** . * significatif respectivement au seuil de 1%, de 5% et de 10%
Source: Auteur a partir des données de la BCEAO (2018), FAOSTAT (2018) et WDI (2018)
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The result of the autocorrelation test gives a probability
greater than 5% (Prob> z = 0.0734). We can’t reject the null
hypothesis. There is no autocorrelation between the variables
and the error term. The test result is shown in Table 5.

Table 5. Result of the error autocorrelation test of Arellano and Bond
(1991)

Order Z
1 -1,1905

Prob >z
0,0734

Source: Auteur a partir des données de la BCEAO (2018), FAOSTAT (2018) et
WDI (2018)

The normality test of the residuals Jarque-Bera (1980)
indicates rejection of HO (Prob> chi2 = 0.000). We conclude
that residues do not follow a normal distribution.

3.3. Result of the Model Estimation

The estimate was done in one step and we used the
"robust” option. This option makes it possible to overcome
the negative effects on the estimators due to the presence of
autocorrelation of errors and / or heteroscedasticity in the
panel. The estimated model is globally significant at the 1%
level. The autocorrelation test errors in first differences of
order 1 of Arellano and Bond (1991) confirms the validity of
the moment conditions and the estimator. The results are
shown in Table 6.

Table 6. Results of model estimation

Dependent . Standard
variable: Inflation | COSTTICIENtS | o iation | 25Tt | p-value
Inflation (-1) 0,108* 0,642 1,68 0,092
Growth of money | ) g 1,082 | 382 | 0,000
supply
Real GDP growth 0,22 0,142 1,550 0,120
Imported Inflation 1,51%** 0,094 15,94 0,000
Rainfall change 25,18*** 5,087 4,950 0,000
Temperature -0,123 0187 | -066 | 0511
change
Constant -3,231 14,600 -0,22 0,825
Number_ of 161
observations
_ Global 0,0000
significance
AR(1) -1,791 0,734

Note : *** ; ** . * significatif respectivement au seuil de 1%, de 5% et de 10%
Source: Auteur a partir des données de la BCEAO (2018), FAOSTAT (2018) et
WDI (2018)

The results of the estimation show that within WAEMU,
the determinants of inflation are the growth of the money
supply, imported inflation and variations in rainfall. At the
1%, the growth rate of the money supply has a positive and
significant effect on inflation in WAEMU. Indeed, an
increase in the growth rate of the money supply leads to
lower inflation of 4.13%. Imported inflation has a positive
and significant effect on inflation. Indeed, an increase in
imported inflation induces a 1.51% increase in domestic
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inflation in WAEMU. In fact, imported products account for
about 34% of the goods and services in of the consumption
basket in WAEMU. Moreover, first FCFA lashing the
French franc and then to the euro requires a long-term
inflation convergence in WAEMU and France. This result is
in accordance with those of Diabaté (2019), Musa and
Yousif (2018) and Nguyen et al., (2017) who find that the
main drivers of inflation have been domestic supply shocks,
shocks to the monetary variables and imported inflation.
Regarding climate change, only the indicator of rainfall
has a significant impact on inflation in WAEMU. Our results
show that a high fluctuation in rainfall leads to a significant
increase in prices in the economic area. Indeed, rainfall
instability influences inflation to more than 25%. In addition,
our results confirm those of Benson and Clay (2004) and
Nguyen et al. (2017), which find the same main factors of
inflation. Indeed, Benson and Clay (2004) and Nguyen et al.
(2017) have highlighted the vulnerability to climatic shocks
of a country characterized by a high level of traditional
agriculture in this economy and its degree of trade openness.

4. Conclusions and Recommendations

The objective of our study was to analyze the effects of
climate change on inflation in WAEMU. The estimation
method chosen is the generalized moments method (MMG)
in dynamic panel of Arellano and Bond (1991) and Arellano
and Bover (1995). The estimation was done in one step and
we used the "robust" option to free ourselves from the
detrimental effects on the estimators due to the presence of
autocorrelation of errors or heteroscedasticity in the panel.
Empirically, we have been able to identify the factors
influencing inflation in WAEMU’s economies.

The results of the estimation show that, in addition to the
rate of economic growth and the money supply, changes in
precipitation have a significant effect on inflation. As can be
seen, among the climate change indicators selected, only
variations in rainfall have a significant impact on inflation in
WAEMU. Indeed, our results highlight a stimulating effect
of a high fluctuation of rainfall on prices in the economic
space in accordance with the result of Benson and Clay
(2004) and Nguyen et al., (2017); these authors find that the
main factors of inflation its climatic conditions. The
authorities must therefore work to modernize agricultural
techniques through the industrialization of the agricultural
sector, literacy and the training of local farmers. In order to
reduce the vulnerability of populations to natural hazards,
it is important to include in development strategies the
economic structure of the country, its stage of development
and the prevailing economic and political conditions. In
addition, risk management must be prioritized and allocated
resources as part of local development plans. Local
capacities need to be supported and strengthened also
through partnerships, through better coordination between
the private sector, civil society groups, NGOs, UN agencies,
local and national authorities, as well as international donors.
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Concretely, it is important to set up training courses in

sustainable agricultural

practices, promote sustainable

diversification of income sources and then educate adults
and children about the causes and consequences of
environmental degradation.
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