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Abstract

Burkina Faso faces significant challenges in ferms of gender inequality, especially regarding
employment and economic opportunities. Agriculture, the main provider of employment, is
threatened by climate change. Our study contributes to the understanding of the gender
distributive effects induced by climate change. The climate shock is infroduced stochastically
to accommodate the uncertainties related to the evolution of the climate and its effects on
agricultural yields. An economywide framework is used to capture the backward and forward
linkages of the agricultural sector to the non-agricultural sectors. Our results show that in
average, climate change is slightly unfavorable towards women's economic activities
compared fo men's. However, the high level of uncertainty surrounding the impact of climate
change on agricultural yields makes it difficult to find significant gender bias in the distribution
of economic effects of climate change in Burkina Faso.
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Climate change is happening, and its negative effects can be felt around the world.
Climate change is having a long-term impact on temperature, the intensity and spatial
distribution of precipitation, and on the frequency of the occurrence of droughts and floods
(IPCC, 2007). Although it is a global phenomenon, its effects vary from one country to
another, and from one group of individuals to another. It is worth noting that its
consequences are potentially more significant for developing countries and poorer
populations (IPCC, 2007). Previous studies show that the most vulnerable societies to climate
change are those that lack the resources to prepare and adapt (Campbell-lendrum & Corvala,

2007; IPCC, 2014a).

The question of the gender neutrality of climate change is fuelling political and scientific
debates. Recent literature shows that women are more affected by climate change (Adzawla
et al., 2019; Andersen et al., 2016; Eastin, 2018; Paudyal et al., 2019; Rao et al., 2019). Rural
women are among the most vulnerable groups (Chindarkar, 2012) because they are more
involved in climate-sensitive activities and have limited access to productive assets and
markets (Buechler, 2009). The agricultural sector is an important source of employment for
women in developing countries. On average, women account for 43% of the agricultural

labour force in developing countries (FAO, 2011a).

Despite their important contribution to the agricultural sector, women have less access
than men to productive resources (assets, inputs, services, land, education, financial services,
technologies) and to economic opportunities (World Bank, 2015; FAO, 2011a). Compared
to men, women are more involved in seasonal activities and receive lower wages (FAO,
2011b). In addition to agricultural activities, women are also occupied with domestic
activities, such as caring for the children and other family members and fetching firewood
and water. Thus, the effects of climate change could further worsen these existing gender

economic inequalities.

The most important channels through which climate change affects people's well-being
are agriculture, health and labour productivity (Letta, Montalbano, & Tol, 2018). The
agricultural sector is widely recognized as the most vulnerable sector to climate variability in

developing countries (Knox et al., 2008; Philip K Thornton, Ericksen, Herrero, & Challinor,
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2014; Wollenberg et al., 2012). In these countries, agriculture is an important driver of
economic growth and is a key sector for the creation of employment and income, and
therefore for the reduction of poverty and ensuring food security (FAO, 2011a). The risks to
livelihoods from climate shocks include reduced crop yields, reduced availability of water and
pasture, loss of livestock and destruction of other productive assets (Campbell-lendrum &
Corvala, 2007; FAO, 2008; IPCC, 2001, 2014b; Muller, Cramer, Hare, & Lotze-Campen, 2011).
Thus, countries that are already suffering from water stress or scarcity are likely to experience
further declines in agricultural yields, which may have implications for rural household

incomes and food security (Breisinger, Ringler, Aragon, Aragon, & Ecker, 2010).

Climate change-induced land degradation and reduced access to natural resources
(land and water) are also leading to the displacement of civilians. (Chindarkar, 2012). This is
due to frequent droughts, changing rainfall patterns and floods that result in reduced
smallholder and subsistence farming production. Weather anomalies have direct and
significant impacts on agricultural activities, but manufacturing activities are less directly

impacted.

Since agricultural activities are essentially rural and manufacturing activities primarily
urban, the movement of people is generally from rural to urban areas (Marchiori, Maystadt,
& Schumacher, 2012). Moreover, the effects of climate change on the movement of people
are likely to have a disproportionately negative impact on vulnerable and poorer population
groups, in particular women (Hunter & David, 2009). With the increasing negative impacts of
climate change, it is becoming increasingly difficult to provide economic opportunities for
rural women and men. Consequently, migration becomes an important means of coping with
climate shocks. However, women have a lower tendency to migrate than men (Balikoowa,
Nabanoga, Tumusiime, Mbogga, & Balikoowa, 2019) because of their status and social

norms.

In order to find appropriate measures to prevent or minimise the adverse impacts of
climate change, especially on vulnerable groups, it is necessary to understand its socio-
economic impacts. This is why this issue is of interest to policy makers and scientists. Our
study contributes to the understanding of these impacts in Africa. It evaluates the effects of

climate change on economic inequalities from a gender perspective in Burkina Faso.



Although there is a large body of literature concerning the impact of climate change in
developing countries, little is known about the distributional impacts of climate change
between population groups, particularly between men and women, in Africa. Burkina Faso is
an interesting case study for several reasons. Lying in the transition zone between the Sahara
desert to the north and the tropical forests to the south, the country is prone to extreme
weather events such as recurrent droughts, floods and windstorms (World Bank, 2013b). The
country ranks 147 out of 162 countries in terms of gender inequality, with the largest gender

disparities found in education and employment (UNDP, 2018).

The agricultural sector is the driving force behind the economy and accounts for 35.3%
of gross domestic product (GDP) and employs 73.3% of women and 67.7% of men (OCDE,
2018). Subsistence, rain-fed and extensive agriculture are particularly vulnerable to climate
change (Herrera & llboudo, 2012). There is a risk that climate change will have devastating
consequences for the agricultural sector. Given that a significant proportion of the population
is reliant on this activity, a climate shock to the agricultural sector may have huge

consequences for the whole economy.

In addition to the industries processing and distributing agricultural products, many
other sectors of the economy are likely to be indirectly affected through impacts on income
and consumption. Since climate shocks can affect several sectors of the economy directly and
indirectly, the interactions between the different sectors need to be understood, to assess
the full economic impacts of climate change in the agricultural sector. In this regard,
Computable General Equilibrium (CGE) models are suited to capture these interactions

between the agricultural sector and the rest of the economy.

CGE models have been used to assess the impact of climate change in developing
countries (e.g. Arndt, Robinson, & Willenbockel, 2011; Arndt, Schlosser, & Strzepek, 2015;
Calzadilla, Zhu, Rehdanz, Tol, & Ringler, 2013; Montaud, 2019; Montaud, Pecastaing, &
Tankari, 2017)). Two methods are used in the literature to integrate the climate shock into the
CGE models. These include deterministic approaches (e.g. Bosello, Campagnolo, Cervigni,
& Eboli, 2017; Calzadilla et al., 2013; Gebreegziabher, Zenebe; Jesper, Stage; Alemu,
Mekonnen; Atlaw, 2015) and stochastic approaches (by Arndt, Robinson, et al., 2011; Arndt
et al., 2015; Arndt & Thurlow, 2015; Thurlow, Dorosh, & Yu, 2012).



Unlike deterministic scenarios that use average changes in crop yields as shocks,
stochastic scenarios include the uncertainties associated with climate variability. Previous
work has focused on the effects of climate change on agricultural and non-agricultural
production, as well as employment trends and income distribution. To our knowledge, some
studies have focused on the gender impact of climate change (Arndt & Tarp, 2000; Escalante
& Maisonnave, 2020b) although these studies have not implemented stochastic shocks to
capture uncertainties associated with climate variability. To date, no study employing the
general equilibrium approach has yet evaluated the gender-specific economic impact of

climate change in Burkina Faso.

Based on the current knowledge of the effects of climate change on agricultural yields
in West Africa, we evaluate its economic implications for both men and women in Burkina
Faso. The climate shock is translated into changes in the productivity of agricultural activities
and, consequently, spreads through the economy via the sector's backward and forward
linkages with the rest of the economy. Our study uses a CGE modelling framework to capture
this interrelationship between the agricultural and non-agricultural sectors. The climate shock
is introduced using the stochastic approach to capture the uncertainties surrounding climate

change in Burkina Faso and its effects on agricultural yields.

The rest of the paper is structured as follows. The issue of climate change and gender
is put into context in section 2. A review of the methodological approaches and the model
and data used in this study are presented in Section 3. In section 4, the simulated scenarios
are presented and the findings discussed. Finally, in Section 5, the main findings of the study

are summarised.



Burkina Faso is located in the transition zone between the Sahara desert to the north
and the coastal rainforests to the south. The country is prone to extreme weather events such
as recurrent droughts, floods and windstorms (World Bank, 2013a). There is considerable
variation in rainfall in the country, ranging from an annual average of 350 mm in the north to
more than 1,000 mm in the southwest. Since the 1970s, the country has experienced
recurrent droughts. Indeed, between the years 1991 and 2009, the country has experienced
three major droughts (1990-1991, 1995-1996 and 1997-1998), impacting over 96,000 people
(Crawford et al., 2016). The studies on climate change show that Burkina Faso will experience
an average temperature increase of 0.8°C by 2025 and by 1.7°C by 2050 and that rainfall will
decrease by 3.4% by 2025 and by 7.3% by year 2050 (Ministry of the Environment and the
Living Environment, 2007). Reduced rainfall and rising temperatures would mean long

periods of drought and flooding.

Burkina Faso is experiencing a high population growth rate of 3.1% per year (National
Institute of Statistics and Demography, 2017). The population which is estimated to be 19.7
million inhabitants in 2019 is made up of 49.9% men and 50.1% women (World Bank, 2019).
Despite the climatic disruptions, Burkina Faso's economy has grown strongly over the past
decade, with an average annual growth rate of over 6.0% between the years 2000 to 2012
(FAO, 2014). Nevertheless, wealth creation is unevenly distributed between men and women.
The gross national income per capita is 1,336 CFA francs for women and 2,077 CFA francs
for men (UNDP, 2019). This imbalance is strongly linked to the different participation rates of
men (75.1%) and women (58.5%) in the labour market (UNDP, 2019).

Gender inequalities are visible in the labour market. The latest national survey on
employment and the informal sector in Burkina Faso reveals a low level of unemployment
coupled with a high level of underemployment. Thus, unemployment affects 3.0% of men
compared to 4.9% of women, while underemployment affects 16.3% of men and 30.3% of
women (National Institute of Statistics and Demography, 2016). Unemployment among
young people aged 15 to 24 years old is relatively higher and affects young women to a

greater extent than young men. Indeed, the unemployment rate for young women aged 15



to 24 years old is 12.9% whereas it is 5.3% for young men (World Bank, 2019). Inequalities in
the distribution of jobs leads to disparities in incomes and in the incidence of poverty. The
monetary poverty rate of women is higher than the rate for men (43.7% versus 40.6%)
(Agbodiji, Batana, & Ouedraogo, 2015). Successive reports by the Intergovernmental Panel
on Climate Change (IPCC) have shown that environmental degradation and particularly
climate change has become a major factor driving the growth of human migration (Brown,
2008; Kaczan & Orgill-Meyer, 2020). These effects of climate change will further worsen
existing problems such as poverty, food insecurity, degradation of resources and infectious

diseases (IPCC, 2007).

The Burkinabe economy has long been characterised by population mobility. The
proportion of the population living in rural areas declined from 84% in 2003 to 78% in 2014
(World Bank, 2016). The decline in the rural population tends to be of greater benefit to the
larger cities, especially the capital, whose population increased by 9% in 2003 to 14% in 2014
(World Bank, 2016). Over the past 15 years, rural migration has been driven by a decline in
the share of the population living in farm-headed households towards urban households,
headed by people working in trade or construction (World Bank, 2016). The percentage of
men moving from rural to urban areas is 28%, while rural-urban migration among women is

12% (Cattaneo & Robinson, 2020).

The agricultural sector is the engine of the economy, accounting for 35.3% of gross
domestic product (GDP) and employing more than 70.0% of the workforce. Unfortunately,
this sector suffers from many disadvantages. In fact, 34.0% of all agricultural land is degraded,
with the rate of degradation increasing from 113,000 ha/year between 1983 and 1992 to
360,000 ha/year between the years 1992 and 2000 (10 Year Action Plan for the Promotion of
Sustainable Consumption and Production, Burkina Faso, 2010) to 469,000 ha/year between
the years 2002 and 2013 (Burkina Faso, 2018). Agriculture is not very diversified. Cotton is
the main cash crop and food-crop production, which represents 55.2% of total production,

consists mainly of corn, millet, fonio, rice and sorghum.

Agriculture is essentially subsistence, rain-fed and extensive (Herrera et llboudo, 2012).
However, the country has an irrigable potential of 233,500 ha, of which 67,000 ha are

currently under irrigation. Unfortunately, the share of irrigated production is very low, 15.0%



in 2015 (Burkina Faso, 2018). Furthermore, water resources in Burkina Faso are limited and
variable. On average, the country receives approximately 206.9 billion cubic metres of water
per annum, distributed into three different streams: 4.16% runoff, 15.66% infiltration and
80.2% evaporation (Integrated Water Resources Management (IWRM), 2001). The
groundwater reserve is estimated to be approximately 402 billion cubic metres per year with
a loss of approximately 268 billion cubic metres of water per year in the event of severe

drought (Integrated Water Resources Management (IWRM), 2001).

Climate change threatens agricultural production systems in terms of quantity and the
stability of food supply. The existing literature provides evidence on the impacts of climate
change on agricultural yields. However, few studies have been carried out on the impact of
climate shocks on the agricultural sector in Burkina Faso. Among these, Waongo et al. (2015)
predict an average decline in corn yields by 8% between the years 2011 and 2050 in Burkina
Faso; Hidalgo et al. (2015) report a decline in cowpea, millet and peanut yields by 25%, 15%
and 5% respectively. In addition, we use findings from West African, Sahelian and African
studies to identify likely changes in crop yields and livestock and fishery productivity in

Burkina Faso as a result of climate change.

Sultan, Defrance, & lizumi, (2019) estimate a decline in millet yields of between 10% to
20% and sorghum yields of 5% to 15% in West Africa as a result of changing climatic
conditions. For the West African region, Thomas & Rosegrant, (2015) estimate a variation in
rice yields of between -4.4% and 0.5% and in peanut yields of between -5.8% and 0.3%.
According to the literature review carried out by Zougmoré et al., (2016) and the estimation
results provided by Thomas & Rosegrant, (2015), climate variability leads to a change in yields
for the 2000 to 2050 period, by between -25.4% and 13% for tubers, by between -19.5% and
-1.5% for oilseeds and by between -30.0% and -10.0% for fruits in West Africa. Thornton,
Steeg, Notenbaert, & Herrero, (2009) estimate the decline in livestock yields to be between
20.0% and 30.0% again in West Africa. Lam, Cheung, Swartz, & Sumaila, (2012) estimate the
decline in fish yields in West Africa to be between 8.0% and 25.9% from the years 2000 to
2050.

Faced with this emergency, the government has begun planning adaptive measures,

giving high priority to measures related to water resources, agriculture, livestock and forestry.



In accordance with the guidelines and requirements of the United Nations Framework
Convention on Climate Change (UNFCCC), the Burkinabe government adopted the National
Adaptation Programme of Action (NAPA) to climate change in 2007, revised in 2012. The
NAPA is included in the National Policy for Sustainable Development up to 2050 and in
various sectoral policies, namely the Sector Policy on Agro-Sylvo-Pastoral Production (PS-
PASP, 2018-2027) and the Sectoral Policy on the Environment, Water and Sanitation (PS-EES,
2018-2027). Unfortunately, these policies have not explicitly included in their objectives, the

reduction of gender inequalities and the role of women in adapting to climate change.

A substantial body of literature now exists regarding the impact of climate change and
adaptation measures in developing countries (Millner and Dietz, 2015; Thornton et al., 2014).
The methodologies used to assess this impact can be divided into two categories: the first

concerns the partial equilibrium approach and the second the general equilibrium approach.

In the context of Sub-Saharan Africa, there is a growing body of work that assesses the
vulnerability and the adaptation possibilities of farmers to climate change (Williams et al.,
2018). These studies determine how climate change affects regions, communities,
households and livelihoods, and which adaptation options are most appropriate in such
circumstances. These studies, although using field data, are carried out in a partial equilibrium
context. They focus on agricultural production and do not consider the induced impacts on
the rest of the local, regional, or national economy. The second category uses the general
equilibrium approach to overcome the major drawback of partial equilibrium analysis. Thus,
Computable General Equilibrium (CGE) models are used to include the second order effects

of a climate shock.

The analysis of the impacts of climate change on the agricultural sector was carried out

using two different approaches in the CGE models: the deterministic approach and the



stochastic approach. Several studies address the issue of climate change and its impacts on
agriculture through a deterministic approach (e.g. Calzadilla, et al., 2013; Gebreegziabher et
al., 2015). Nevertheless, deterministic shocks do not take into account the uncertainties linked
to climate change and the impacts on the agricultural sector. However, a growing number of
studies incorporate the impacts of climate variability using stochastic scenarios (Arndt et al.,

2015; Arndt and Thurlow, 2015; Sassi and Cardaci, 2013).

There have been a limited number of studies dealing with the impacts of climate
change and adaptation options for agriculture in Burkina Faso (Henderson et al., 2018; Kima
et al., 2015; Ouedraogo et al., 2006; Ouedraogo, 2012; Somé et al., 2012; Waongo et al,,
2015; Zidouemba, 2017). Most of these studies use the partial equilibrium approach.
However, Zidouemba (2017) compares the economic benefits of the extension of irrigation
compared to agricultural extension programmes in a general equilibrium framework. The
paper investigated the variation in annual agricultural yields associated with changes in
temperature and rainfall. It considers uniform climate change scenarios for the whole
agricultural sector, regardless of the difference in crop sensitivities to the climate shock. The
latter is introduced in a deterministic manner despite the high level of uncertainty surrounding
the evolution of the climatic factors and their impacts on agricultural yields. Furthermore, the
study is silent on the distributional effects of the climate shock, especially between men and

women.

To the best of our knowledge, no study using the general equilibrium approach has
assessed the economic impact of climate change in Burkina Faso from a gender perspective.
Escalante & Maisonnave, (2020) carried out a distributional analysis of the effects of climate
change between men and women using a deterministic approach. Our study uses a stochastic
approach to assess the distributional impact of climate change between both sexes in Burkina
Faso. There seems to be a consensus of opinion that climate change affects men and women
differently (Goh, 2012) because of inequalities in access to productive resources', markets
and economic opportunities, and because of the greater tendency of men to migrate in order

to adapt to the adverse impacts.

' According to the World Bank (2014), women have unequal access to productive resources such as land, chemical
fertilizers, and enhanced seeds.



In the existing literature on gender-based CGE models, two approaches can be
identified: the 'gender disaggregation' approach and the 'two-systems' approach. The first
approach disaggregates the labour factors, production and household categories according
to gender. The second approach integrates, alongside the market economy, a non-market
economy (domestic activities taking place within households) in addition to gender
disaggregation. The 'gender disaggregation' approach is widely adopted to study the impact
of trade policies (Arndt et al., 2011; Arndt et al., 2006; Arndt et Tarp, 2000; Thurlow, 2006)
and fiscal reforms (Escalante, Maisonnave, and Chitiga, 2020). It is criticised for its simplicity,
as the rules for the behaviour of various agents in the model remain largely governed by neo-

classical principles and do not refer explicitly to unpaid labour (Fontana, 2014).

The 'two-systems' approach attempts to overcome the above limitations by integrating
the non-market activities taking place within households (Cockburn et al., 2008; Fontana,
2001, 2002; Fontana et Wood, 2000; Siddiqui, 2009; Zacharias et al., 2018). However, this
class of models still follows neoclassical principles and does not highlight the direct
interactions between market and non-market activities. Arora & Rada, (2020) model intra-
household dynamics in two rural provinces of Mozambique using a CGE approach. The main
characteristics of their model are the integration of the allocation of labour, resources and
transfers within households according to social norms and the identification of leisure as a
production commodity. This study contributes to the existing body of literature dealing with
the impact of climate shocks in Africa. Even though research exists concerning the impact of
climate change on the agricultural sector, there is limited analysis of the distributional effects
between men and women. Our methodology follows the "gender disaggregation" approach.
Labour and capital factors (value added) are disaggregated according to gender as described

in the study by (Souratié, Koinda, Decaluwé, & Samandoulougou, 2019).

In our work, we assume the existence of a multitude of profit-maximising and cost-
reducing producers given the production technology and the prices determined by the
adjustment between supply and demand in the market. Each industry is represented by a
nested production structure with several levels. In order to integrate gender related aspects
into our approach, we assume the duality of the Burkinabe economy and especially in the

agricultural sector where there are two types of agricultural producers: a female producer,



i.e. production carried out on a female owned farm, and a male producer where production

is carried out on a male owned farm.

We also assume that there is a difference in the use of technology on male and female
farms. Male and female value-added substitute each other imperfectly in the generation of
the total value added of the sector. In other words, both male and female labour and capital
factors can be engaged in the same economic activity and still have different levels of
productivity. Thus, labour and capital are also imperfect substitutes in the generation of male
and female value added. The labour factor in male and female value added is a composite,
including male and female labour, which are also imperfect substitutes. The total value added
and intermediate consumption are combined as a fixed share in total production. The other
features of our model are similar to the static version of the standard CGE model (PEP 1-1)

developed by Decaluwé et al. (2013).

Although our model is based on the PEP1-1 model, it also differs by the introduction
of rural-urban migration. We consider the economy of Burkina Faso to be dualistic, with a
rural sector dominated by agricultural activities and an urban sector dominated by non-
agricultural activities (industry and services). The wage paid in the agricultural sector is
assumed to be lower than the wage paid in the non-agricultural sector. Workers (men or
women) can move between the rural or agricultural sector and the urban or non-agricultural
sector. The labour supply (male and female) in rural and urban areas is exogenous. There is
an excess supply of labour, i.e. disguised or hidden unemployment, in both areas. Since the
expected wage is lower in rural areas than in urban areas, male and female workers migrate
from rural to urban areas until the expected wage rate in rural areas is the same as the
expected wage rate in urban areas according to the assumption made by Harris et Todaro

(1970).

Thus, the labour supply in urban and rural areas depends on the migration of the labour
force from rural to urban areas. The migration rate (or the proportion of the labour force that
migrates from rural to urban areas) is determined by the ratio of urban-to-rural value added
per capita, which in turn depends on the rate of factor remuneration in both the agricultural
and non-agricultural sectors. In our work we assume that in addition to wages driving

migration, people also migrate to cities in response to climate shocks, and that they do so
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with a minimum amount of capital. Therefore, economic migration is determined by the

economic opportunities that the urban areas can provide.

We adopt a long-term closure rule to take into account more accurately, the time
dimension of the climate change issue. Hence, capital is mobile between economic activities,
which represents a long-term situation where the economy has time to adjust. Current public
expenditure is fixed; the public budget balance is also fixed in relation to GDP, so that Burkina
Faso continues to meet the obligations of the West African Economic and Monetary Union
(WAEMU). Thus, the introduction of a compensatory mechanism (tax/subsidy) on household
income (and consequently welfare) makes it possible to capture the effects of the variation in
Government income, following the climate shock. Burkina Faso is a small country in terms of
its trading links with the rest of the world, i.e. the country has no influence on international
prices of both imported and exported products, which remain fixed in the model. The foreign
trade current account balance is kept fixed against gross domestic product (GDP), thereby
effectively linking external financing to the performance of the economy. The volume of
investment is kept fixed relative to GDP through household savings. The exchange rate is the

numeraire in the model.

We use the 2013 Burkina Faso gender-specific social accounting matrix (SAM)
developed by (Souratié et al., 2019), which presents 132 goods and services accounts, of
which 47 are agricultural, and 74 activity accounts, of which 29 are agricultural. Labour and
capital factors are disaggregated according to gender. The SAM has four household accounts
(rural poor, rural non-poor, urban poor and urban non-poor), one firm account, one
government account and one rest of the world account. The original SAM is aggregated into
29 industries (of which 12 are agricultural) and 29 products (of which 14 are agricultural). The
values of the elasticities of substitution are taken from the literature, together with the

elasticity of substitution values between male and female labour.



We use the studies carried out mainly in Burkina Faso and across Western Africa and
the Sahel to gather information on the likely variations in agricultural yields induced by
climate change. Table 1 presents the extreme values (minimum and maximum) as predicted
by these studies for the agricultural activities included in our study. The agricultural activities
are ranked in descending order of sensitivity to climate change. Agricultural activities in

Burkina Faso have a relatively high sensitivity to the impacts of climate change.

Table 1: Change in agricultural yields (in percentage)

Maximum  Minimum

Fruit and vegetables -10.0 -30.0
Livestock -8.0 -26.0
Fisheries -8.0 -25.9
Tubers 13.0 -25.4
Millet and sorghum -5.0 -20.0
Oilseeds -1.5 -19.5
Fonio -13.0 -18.0
Forestry -5.0 -15.0
Pulses -1.5 -14.2
Corn 2.3 -8.2
Rice 0.5 -4.4

Source: Authors' calculations based on estimates from (Jalloh et al., 2015; Lam et al., 2012; Nelson et al.,
2010; Thomas & Rosegrant, 2015; Thornton et al., 2009)

Although the vast majority of studies show a decline in agricultural yields, the
magnitude of this decline remains highly uncertain (Table 1). The uncertainty surrounding the
variations in agricultural yields induced by climate change is taken into account in our study
by establishing a stochastic shock. This is done in the model through several random draws
(about 100) within the intervals provided by the extreme variations predicted for agricultural
yields (Table 1) and applied to the value of the total factor productivity parameter of every

agricultural activity.

Migration remains an important coping mechanism in the face of climate shocks
(Agrawal & Perrin, 2008; Thornton & Manasfi, 2010). However, men and women are not
equally likely to migrate (Balikoowa et al., 2019). As there is limited evidence available
concerning migration and in particular female migration in Burkina Faso, we test the
sensitivity of our results through two scenarios which are based on the tendency of women

to migrate. In the first scenario, the climate shock in the agricultural sector described above,
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is accompanied by a low tendency of women, compared to men, to migrate between rural
and urban areas. In this scenario, the sensitivity of female migration to changes in the rural-
urban real income ratio is much lower than that of men. We use the term "current scenario”
to refer to this scenario from here on in the document. In the second scenario, we analyse
the effects of the climate shock in agriculture with the assumption that women have the same
tendency to migrate from rural to urban areas as men do. Thus, with respect to migration,
women and men have the same degree of sensitivity to changes in the rural-urban real
income ratio. The term "scenario with migration" refers to this scenario in the remainder of

the paper.

The following sections present and discuss the simulation results of these two scenarios.
Given that the focus of this study is on the gender distribution of the economic effects of
climate change, we limit our discussion to variations in the value added of the industries
(agricultural and non-agricultural) and to the variations in the value added of male and female
activities. Value added is a representative indicator of the level of economic performance of
both men and women in a country where self-employment (of both sexes) largely surpasses

wage employment.

4.1. Impact of climate change

The negative shock to agricultural yields (Table 1) leads to a decline in agricultural value
added by an average of 8.2%, ranging from -10.4% to -6.0% with a 95% confidence level
(Table 2). These results are consistent with the empirical findings (Bosello et al., 2017;
Calzadilla et al., 2013; Montaud et al., 2017). The climate shock negatively affects all
agricultural activities. The activities most sensitive to climate change, i.e. fruit and vegetables,
and livestock farming, show a relatively greater decline in value added. The activities least
sensitive to climate change, i.e. rice, corn and pulses, experience a relatively modest decline

in value added. Strong variability in results can be observed for tubers and oilseeds with
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average decreases of 4.0% and 6.9% in value added and standard deviations of 6.0% and

6.3% respectively.

Table 2 : Percentage Changes in Value Added in the Agricultural Sector

Mean value Standard deviation

Fruit and vegetables -15.4 4.2
Livestock -11.1 3.0
Fisheries -7.6 1.8
Tubers -4.0 6.0
Millet and sorghum -8.0 2.3
Oilseeds -6.9 6.3
Fonio -6.0 0.8
Forestry -6.2 1.3
Pulses -4.4 2.1
Comn -4.3 1.3
Rice -3.5 1.3
Agriculture -8.2 2.2

Source: Authors, based on simulation results

The climate shock in the agricultural sector is transmitted to the non-agricultural sector
through several principal channels, including the reallocation of productive factors (positive
shock) and the increase in the prices of agricultural products (negative shock). The latter
reduces consumers' purchasing power and therefore negatively impacts the demand for non-
agricultural products. This channel is also the source of the heterogeneity of the effects of
the shock across the non-agricultural industries. Indeed, the non-agricultural industries that
are strongly linked to the agricultural sector, experience substantial declines in value added

(Table 3).

These industries include food processing industries, manufacturing of beverages and
tobacco, accommodation and food services, chemical industries and manufacturing of
textiles and clothing. Apart from upstream chemical industries, the non-agricultural industries
are all downstream of the agricultural sector. Thus, the decline in the supply of agricultural
products, following the climate shock, contributes to the increase in the prices of agricultural
products used as inputs in these industries and, consequently, increases the production costs

and reduces their profitability.



Table 3: Percentage Changes in Value Added in the Non-Agricultural Sectors

Mean value Standard deviation

Extraction -1.9 1.0
Food processing industries -11.1 2.8
Manufacturing of beverages and tobacco -7.2 1.4
Manufacturing of textiles and clothing -5.1 3.0
Woodworking activity -3.6 1.0
Soap and medicine 1.1 2.2
Other manufacturing industry -4.1 1.0
Chemical industries -5.3 1.7
Construction -2.2 0.4
Trade -4.7 1.1
Accommodation and food services -6.4 1.3
Transport and Telecommunications -3.7 0.8
Finance -4.7 1.0
Public Administration -3.1 0.6
Other services -4.4 0.9
Non-agricultural sector -3.7 0.7

Source: Authors, based on simulation results

The production factors (capital and labour) held by both men and women are
heterogeneously distributed across economic activities (Appendix Table A.1). 42.2% of the
factors held by women are employed in agriculture compared to 35.9% for men. In the
agricultural sector, men are more involved in climate sensitive activities than women, i.e. fruit
& vegetables and livestock (17.5% versus 8.3% of their factors respectively). Nevertheless, in
contrast to their male counterparts, women are engaged in activities for which there is still a
high degree of uncertainty in both the direction and magnitude of climate change effects,

i.e. tubers and oilseeds (15.9% and 6.1% of their factors respectively).

Women are slightly more involved than men in activities that are relatively less sensitive
to climate change, i.e. rice, corn, pulses and forestry (6.3% versus 4.0% of their factors
respectively). Consequently, the negative effect of the climate shock is more pronounced on
male agricultural activities than on female ones on average (Table 4). However, this difference

is unlikely within a 5% margin of error.

Like in the agricultural industries, the production factors held by men and women are
heterogeneously distributed across the non-agricultural industries (Appendix Table A.1). The
production factors held by women are more prevalent in the non-agricultural industries
closely related to agriculture, i.e. 6.4% of their production factors compared to 1.4% of

production factors held by men. As a result, women's non-agricultural value added declines
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more than men's on average. It should be noted that the strong contribution of men,
compared to women, in the export oriented extractive industries (more than 90% of
production exported) also contributes to shelter them from the harmful effects of climate
change. While this bias in favour of men is more pronounced than that of agriculture in favour

of women, it is still within the 5% margin of error.

Our results show that the climate shock in agriculture is on average slightly adverse to
the economic activities of women in Burkina Faso. However, given the high uncertainty about
the variations in crop yields as a result of climate change, we cannot draw a robust conclusion

regarding the gender distributive effects.

Table 4 : Percentage Changes in Male and Female Value Addition

Female Male
Agriculture -7.4(1.9) -8.6(2.3)
Non agriculture -4.5 (0.6) -3.3(0.8)
All Economy -5.7 (2.1)  -5.2(2.3)

Source: Authors based on simulation results. Note: Standard deviations are given by the values in
brackets.

4.2. Adaptation strategy to climatic conditions

The final step in our analysis is to determine whether women have any scope for
adaptation to climate change. In the literature a number of adaptation options such as
investments in road infrastructures, input subsidies, research and development, training and
irrigation have been singled out for developing countries and evaluated by some studies (e.g.
(Calzadilla, Zhu, & Rehdanz, 2014; Montaud, 2019; Montaud et al., 2017). In Burkina Faso, a
significant number of adaptation options have already been planned by the authorities in the

National Adaptation Plan (NAPA) (Crawford et al., 2016).

The multiple policy options and adaptation measures layed out by the NAPA largely
lack empirical testing of their effects to protect women and reduce existing inequalities in the

agricultural sector.



In addition to climate change adaptation policy measures, recurrent droughts are
destroying economic opportunities in rural areas and forcing people to migrate. Thus, the
link between migration and climate change is deeply rooted in environmental, social, and
economic policies. Migration is driven by rural landlessness and environmental degradation.
Thus, migration is considered to be a normal response of humans to the climate threat. In
this study we simulate and compare two different female economic migration assumptions in
order to determine whether economic migration is able to reduce the adverse impacts of

climate change and the gender economic inequalities.

The low tendency of women to migrate has important implications for the economy
and on income distribution in Burkina Faso under the climate change shock. Assuming men
and women have the same tendency to migrate, the increase in the rural-urban migration of
women affects negatively agricultural activities and positively non-agricultural activities (Table

5).

Table 5: Percentage Changes in Agricultural and Non-Agricultural Value Added Under
Different Scenarios of Female Economic Migration

Low female mobility High female mobility

Agriculture -8.2 (2.2) -10.3 (2.1)
Non agriculture -3.7 (0.7) -3.2 (0.8)
All Economy -5.5(1.2) -5.9 (1.2)

Source: Authors, based on simulation results. Note: Standard deviations are given by the values in
brackets.

In average, the gender distributional impacts of climate change observed in the
current scenario are reversed with increasing rural-urban migration of women. Nevertheless,
the difference in the variation in value added between men and women remains insignificant

at the 95% level of confidence.

Table é: Percentage Changes in Male and Female Value Added Under Different Scenarios of
Female Economic Migration.

Low mobility  High mobility

Women -5.7 (2.1) -5.6 (2.0)
e Agriculture -7.4 (1.9) -9.1(1.8)
e Non-agriculture -4.5 (0.6) -3.1 (0.7)
Men -5.2 (2.3) -5.9 (2.1)
e Agriculture -8.6 (2.3) -10.7 (2.2)
e Non-agriculture -3.3 (0.8) -3.2 (0.8)

Source: Authors, based on simulation results. Note: Standard deviations are given by values in brackets.
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Climate change is happening and its adverse effects are being felt across the globe.
The question of whether climate change is gender-neutral is fuelling political and scientific
debates in response to this threat. Despite a vast body of literature examining the economic
impacts of climate change in developing countries, little evidence is available on the gender
distributional effects of climate change. To our knowledge, no study using the general
equilibrium approach has yet assessed the economic impact of climate change in Burkina

Faso from a gender perspective.

Using existing data on the impact of climate change on agricultural yields in Burkina
Faso, we assessed the economic implications for both men and women in the country. The
climate shock taking place in agriculture affects the whole economy through the backward
and forward linkages of the agricultural sector with the non-agricultural sectors. Computable
general equilibrium modelling was used to account for this interrelationship between sectors
and industries. The climate shock is introduced using a stochastic approach to account for
uncertainties surrounding the evolution of climate and its effects on agricultural yields in

Burkina Faso.

Firstly, the results of the study reveal that the decline in crop yields reduces agricultural
value added. On average, this decline in value added is greater for the activities which are
intensive in labour and capital, held by men and because of their high vulnerability to climatic
shocks (e.g. livestock). Secondly, the results show that the spill-over effect of the climate
shock from the agricultural sector to the non-agricultural sectors remains unfavourable to
women on average, given that they are involved in non-agricultural activities with strong
downstream linkages to agriculture (e.g. agro-food and catering). Thirdly, the net average
effect remains unfavourable to women as long as their tendency to migrate remains
significantly lower than that of men. Finally, a robust conclusion cannot be drawn from our
results given the high degree of uncertainty surrounding the impact of climate change on

agricultural yields that exists in the literature.
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Table A. 1 : Distributional share of value added by gender (in percentage)

Men Women Overall

Fruit and vegetables 1.6 1.7 1.6
Livestock 15.9 6.6 12.1
Fishing and hunting 0.5 0.1 0.3
Tubers 2.7 3.4 3.0
Millet and sorghum 5.0 6.1 5.4
Oilseeds 3.4 12.5 7.1

Fonio 0.0 0.1 0.0
Forestry 2.5 5.3 3.6
Pulses 1.0 1.5 1.2
Cormn 2.2 2.9 2.5
Rice 0.8 1.9 1.3
Extraction 10.1 6.2 8.5
Food and beverage industry 1.0 2.8 1.7
Manufacture of beverages and

tobacco 0.1 2.6 1.1
Manufacture of textiles and

clothing 0.1 0.1 0.1
Woodworking activity 0.6 0.7 0.6
Soap and medicine 0.0 0.1 0.1
Manufacturing industry 1.0 1.3 1.1
Other chemical products 0.1 0.3 0.2
Construction 7.6 0.7 4.8
Trade 8.5 18.3 12.5
Accommodation and catering 0.1 0.6 0.3
Transport and Telecommunications 8.0 0.5 5.0
Finance 2.2 1.7 2.0
Public Administration 20.8 18.0 19.6
Other services 3.9 3.9 3.9
Agriculture 35.9 42.2 38.5
Non-agriculture 64.1 57.8 61.5
National economy 100,0 100,0 100,0

Source: Authors using the SAM of Burkina Faso 2013.



