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Assessing the impacts of climate change on women’s poverty and domestic
burdens: A Bolivian case study

Luis Enrique Escalante! and Héléne Maisonnave'?®

Abstract

Climate change affects men and women differently and pre-existing gender disparities
may be worsened. In Bolivia, high vulnerability levels and gender disparities exist in
terms of education, access to employment, and poverty, making women a highly
vulnerable population group. Our analysis uses a Computable General Equilibrium
(CGE) model that explicitly incorporates household production with a gender focus,
linked with micro-simulations to assess the effects of climate change on poverty and
inequality in Bolivia. Two scenarios are evaluated. The first scenario refers to damages
and losses of capital and land in the agricultural and livestock sector due to climatic
events, while the second scenario analyses the decrease in agricultural production yields.

The simulations reveal that the climatic scenarios have negative impacts on the Bolivian
economy, with the agricultural sector being the most affected. The results also reveal that
climate change affects employment negatively in both simulations, and further increases
the burden of domestic work, especially for women thus increasing their vulnerability.
Furthermore, both simulations reveal negative impacts on poverty and inequality, with
women being more affected than men. The results reveal that Bolivian women are more
vulnerable to the impacts of climate change than men.

Keywords: CGE; Climate change; Gender; Unpaid work; Poverty; Latin America;
Bolivia

JEL: C68, J16, Q54, 054

1. Introduction

Bolivia is considered to be one of the most vulnerable countries to adverse natural
events in the South American region. In 2014, it was ranked eighth among the countries
most affected by extreme weather events, while in 2013, the country was ranked 33™
(Kreft et al., 2016). Regarding natural events, Bolivia is mainly affected by floods and
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droughts. These events which occurred in 2013 and 2014, caused losses of approximately
3132 million BOB to the economy (or 405.50 million euros, applying the Boliviano/Euro
conversion rate for the year 2014) and affected the lives more than 300 000 people
(UDAPE, 2015). The agricultural sector is particularly important to the Bolivian economy
as it accounts for 30% of the total employment in the country (ILOSTAT, 2019), however
the sector has been particularly affected by these climatic events (Andersen et al., 2014).

Although Bolivia is known for its poverty and inequality, it is one of the countries
that has reduced poverty by the greatest extent. Poverty had declined from 59.6% in 2005
to 34.6% of the population in 2018 (WDI, 2018). This poverty rate is still high, compared
to the rates in neighbouring countries (CEPAL, 2019). In addition, Byerlee et al., (2005)
note that poverty is mainly concentrated in rural areas where people earn their living from
agriculture or related activities; this statement is valid for Bolivia, where according to
(CEPAL, 2019), the highest levels of poverty are concentrated in the rural areas, with the
indigenous population being more affected than the non-indigenous one (62% vs 48.2%).
In urban areas, the poverty rate is 28.1% for the indigenous population and 22.5% for the
non-indigenous one (CEPAL, 2019). The poor quality of existing infrastructure in rural
areas (irrigation, water storage), makes these areas more vulnerable to the effects of
climate change (Aswhill et al, 2011).

Poverty is not evenly distributed among men and women, with women
experiencing a higher national poverty rate (37.6% vs. 36.7%, (INE, 2019)). Rural
women are by far poorer than their urban counterparts (51.6% vs 31.7%, (INE, 2019)). In
terms of inequality, Bolivia has been following the downward trend in gender inequality
as observed in the Latin America region since 2000 (Klasen, 2020), with a Gini index
dropping from 0.61 in 2000 to 0.42 in 2018.

However, gender disparities can be observed in education and in the labour
market. Women have higher representation in basic education (no education, starting
primary school and completion of primary school), while men have higher representation
in higher education (starting secondary school, completion of high school, and superior
studies) (INE, 2018). Additionally, the rural population has lower levels of education than
the urban population (INE, 2018).

Gender biases is also apparent in the labour market, where women tend to be less
active in formal economic activities. Women's labour force participation rate is lower
than men's in the 15-64 age group (65.2% versus 82.6%) (WDI, 2019). Although the
participation of women in the labour force in Bolivia is relatively higher than the Latin
America and the Caribbean (LAC) region average (57.4%) (WDI, 2019), Bolivian women
are much more likely than men to work in jobs denominated as vulnerable by the World
Bank (69.7% vs. 58.7%) (WDI, 2018). In addition, women work in a narrow range of
sectors. Indeed, the intensity of female labour surpasses that of male labour in only 7 out
of the 21 sectors of the continuous employment survey, with accommodation and food
services, education, health and social services, and private household activities being the
most intensive sectors for women (INE, 2018). In contrast however, in the non-
commercial sphere, women's participation far surpasses that of men. In fact, if we look at



the employment status by gender type, we have two categories of unpaid work that are
highly intensive in female labour: family worker or unpaid apprentice (66.1%) and
household employee (95%) (INE, 2018). Likewise, the poorest women do the most
unpaid work.

In Bolivia, as pointed out by Rubiano-Matulevich and Viollaz (2019) for different
countries, women’s participation in unpaid activities is greater than that of men. In
addition, the poorer the household, the greater is the time devoted to these unpaid
activities. Women devote 23.5% of the daily 24 hours, doing unpaid household and care
work, while men devote only 12.6% of their time to this work (CEPAL, 2001). In rural
areas, the difference is even more striking with women spending 7 hours per day on
domestic chores compared to 1.4 hours for men (Ashwill et al., 2011). The high domestic
workload of women results in them participating less in the formal labour market which
reduces their economic potential.

This situation could be worsened with climate change. The agricultural and
livestock sectors could experience the most severe impacts, but imbalances in the labour
market could also be generated, threatening the well-being of the most vulnerable
workers. Moreover, climate change could further impact women, with the destruction of
infrastructures leading to a longer walks to fetch water and firewood, women may have
less available time for paid work (Demetriades and Esplen, 2010). In addition, climate
shocks and disasters tend to have a largely negative impact on gender equality (Eastin,
2018). The effects appear to be greater in countries that are relatively less-democratic,
more dependent on agriculture and less economically developed than others (Eastin,
2018).

This study aims to analyse the effects of climate change on poverty in Bolivia
from a gender perspective. To achieve this, we use a Computable General Equilibrium
model that integrates domestic work and which is also linked to a microsimulation
module. A CGE model is the most suitable tool for this work, as it makes it possible to
analyse the impact of macroeconomic shocks on the different sectors of the economy as
well as on agents, especially women. The remainder of the paper is organised as follows.
The second section presents the literature review of the impacts of climate change on
agriculture, poverty and the modelling of domestic work. The third section discusses the
methodological framework and the data used to conduct this study. The fourth section
presents the scenarios of the study and the results. Finally, section five summarises the
main findings and proposes some policy recommendations.

2. Literature review

Many studies evaluate the impacts of climate change on economic activities,
pointing out the vulnerability of the agricultural sector (Fischer et al., 2005; Galindo et
al., 2014; Hertel and Rosch, 2010; Thurlow et al., 2009). Field et al. (2014) argue that the
effects on agriculture would be very diverse due to the great diversity of economic,
demographic and geographical characteristics of the LAC countries. The authors



conclude that productivity in Central America could be reduced over the next 15 years,
while in South America it could be maintained or even increased. More specific studies
for the different countries in the LAC region also report a variety of effects (Ponce et al.,
2014; Vargas et al., 2018). In the specific case of Bolivia, few studies assess the impact
of climate change on the economy. Andersen et al. (2014), indicate that the direct and
indirect effects of climate change affected agricultural productivity, generating significant
losses. Aliaga and Aguilar (2009); Jemio et al. (2014) and Viscarra (2014) find similar
negative impacts on the economy and specifically on the agricultural sector. However,
none of the above studies take into account the impacts of climate change on population
groups, and specifically on vulnerable ones.

There is evidence, that the most vulnerable populations will be hardest hit by the
effects of climate change ((Bjornberg and Hansson, 2013; Field et al., 2014; IPCC, 2014).
Castells-Quintana et al., (2018), examine climate change adaptation from the perspective
of poor households. The authors indicate that successful adaptation requires taking into
account the broader socio-economic trends that are occurring in many developing
countries (such as population growth and urbanisation). Among the poor, men and women
will be affected differently, with women suffering the most (Denton, 2002; Goh, 2012;
Lambrou and Piana, 2006; Quisumbing et al., 2018).

For instance, Adzawla and Kane, (2019) found that climate change has
substantially widened the gender welfare gap in northern Ghana. In the same region,
Adzawla et al. (2019) find that the ability of women to adapt to climate change is weaker
than men’s. Dey et al. (2018) highlight the important role of women in the area of climate
change adaptation but also their high degree of vulnerability.

In Latin America, some studies address the effects of climate change from a
gender perspective. In Mexico, Buechler (2009) states that agricultural activity and
particularly fruit production can no longer be assured in the Sonora area due to warmer
temperatures. This change will affect women and men to different degrees, affecting the
control they have over their livelihoods and food security. Andersen et al., (2017) analyse
gender differences to vulnerability and resilience to shocks in Peru, Brazil and Mexico,
including climate change and climate variability. The authors indicate that female-headed
households in the three countries tend to be less vulnerable and more resilient than male-
headed households. We feel that there is a need to take into account the gender dimension
when analysing climate change (Alston, 2014). However, most of the studies that take the
gender dimension into account are micro studies and therefore cannot capture the
different impacts of climate change on the whole economy. Indeed, gender-focused
macroeconomic studies that provide comprehensive analyses of climate change in
specific economies are scarce. For instance, Chitiga et al. (2019) evaluate the impacts of
climate change on South African women and find that unemployment amongst women
increases more than that amongst men in the long term. However, their study focusses on
the market economy and they omit the domestic market. Indeed, women are likely to
suffer more from the effects of climate change given the resulting increase in domestic
chores.



Due to climate-related damages, women may need to devote more time fetching
water and firewood or allocate additional time to other domestic chores when their
husbands have had to leave to try and find work elsewhere (Demetriades and Esplen,
2010; Paudyal et al., 2019). The additional time spent on domestic chores will further
distance women from paid activities, increasing their vulnerability. Therefore, including
domestic work in a macro model in the context of climate change is highly relevant.
Integrating domestic work into studies was pioneered by Fontana and Wood (2000) and
followed by Fontana, (2004), Cockburn et al. (2007) and Siddiqui, (2005), to analyse the
impacts of trade liberalisation through a « gender lens ». As yet, there have been no
studies analysing the effects of climate change on the paid and unpaid activities of men
and women. Our study therefore fills a void in the literature on the effects of climate
change by taking a gender approach and incorporating domestic activities into the model.
Furthermore, in order to capture the effects on household poverty, we couple our macro
model with a poverty study.

3. Methodological framework and data
3.1.The CGE model

To evaluate the impacts of climate change on women’s poverty, we use the static
Partnership for Economic Policy (PEP 1-1) standard model by Decaluw¢ et al. (2013).

In line with the Social Accounting Matrix (SAM), the model has 20 activities and
commodities. The production function technology presupposes constant returns to scale
presented in a four-level production process. At the first level, for each activity,
production is a Leontief type of function of value added and intermediate consumption.
At the second level, we assume that composite labour can be substituted with capital
following a Constant Elasticity of Substitution (CES) type of function. Labour is further
disaggregated between skilled and unskilled. Therefore, at the fourth level and for each
skill category, the labour demand is a CES function between male and female workers,
with an elasticity of substitution of 0.2. Female and male labour cannot therefore be easily
interchanged. This assumes, implicitly, that there is a gender specialisation or division of
the labour market in Bolivia.

The model distinguishes four different institutions: households, firms, the
government and the rest of the world. Households are also disaggregated by gender and
location: male-headed households in the rural and urban areas and female-headed
households in the rural and urban areas. The model distinguishes three different sources
of income for households: labour income, capital income and transfers from other agents.
The income of male-headed households comes mainly from labour in both rural (89%)
and urban (84%) areas. In female-headed households, income from labour is also the main
source of revenue, but to a lesser extent than that of male-headed households. (77% and
75% in both rural and urban areas respectively). Transfers also constitute an important
part of household income, mainly in female-headed households where transfers account
for 22% and 23% of income in both rural and urban areas respectively, while in male-
headed households transfers account for only 10% and 13% of income in rural and urban
areas respectively. Finally, households receive income from capital and land. Although
this source accounts for the smallest share of total income, it should be noted that urban



households receive the biggest share: more than 90% of this income is earned by urban
households.

All categories of households use their income for tax payments, savings, and
mainly for consumption which is specified with a linear expenditure system (LES) type
of function (Stone, 1954). There are interesting differences with regards to final
consumption, which is the main household expenditure. In male-headed households, the
proportion of consumption expenditure is slightly higher than that of women. However,
if only the consumption of goods in the agricultural and livestock sector is considered, it
1s women who spend most, in both rural and urban areas. Rural households spend a larger
proportion of their income on consumption compared to urban ones (92% vs 88%).
Finally, savings account for between 8% and 13% of total household income, with urban
households making the most (12.4% in male-headed households, 12.7% in female-headed
households).

Firms’ income is based on transfers from other institutions and mainly on capital
income. They pay income taxes, dividends and the remaining income constitutes firms’
savings. The Government collects direct taxes from households and firms and indirect
taxes (import duties, taxes on commodities and taxes on production) and receives
transfers from other agents. These resources are used for public expenditure (mainly on
non-tradable commodities) and for the payment of transfers to non-governmental agents.
The remainder constitutes savings.

As already mentioned in the introduction, Bolivian women allocate a lot of time to
domestic activities which prevents them from earning money. Following Fofana et al.
(2003), we assume that men and women, whether skilled or unskilled, divide their time
between domestic activities (taking care of the kids, fetching water etc.) and market
activities. The allocation of time between the two activities is different for both men and
women, but it also depends on whether they are skilled or not. Canelas and Salazar (2014)
and Lundvall et al. (2015) determine that women spend up to 4 times more time on
domestic duties than their male counterparts.

To complete the allocation estimates on the use of time and given to the absence
of disaggregated data per level of qualification in Bolivia, we used estimates for Peru
from Rubiano-Matulevich and Viollaz (2019). Peru is a country with similar
characteristics to Bolivia in terms of skill-based domestic work. It was estimated that
unskilled women allocate seven hours per day for domestic work while skilled women
allocate four and a half hours. Unskilled men allocate three hours per day for domestic
duties while skilled men allocate only one and a half hours.

This time devoted to this domestic production creates a new commodity which is
made up only by labour and fully consumed by households. The value of domestic-
produced commodities is equal to the value of the labour used in their production, where
non-market labour is priced at its opportunity cost, as measured by the market wage rates.
Technically, we assume that the total available labour supply, determined by households
presents a matching between the different types of labour through a CET-type of functions
at three levels. At the first level, between the formal labour market and the domestic
labour market. At the second level, supply functions are also adapted according to the
skill levels (skilled and unskilled) of both the formal and domestic labour markets.



Finally, at the third level and for each skill category, the labour supply is a gender-specific
CET function with very low transformation elasticities for both skilled and unskilled
workers (0.5 and 0.8 respectively). Figure 1 illustrates the schema of the endogenous
labour supply according to the three levels as previously described. It should also be noted
that unlike production in the formal market, we assume that domestic production does not
require intermediate goods or capital and is performed only by a labour factor. Thus, the
available labour supply in the domestic market (LZp) is in turn equal to domestic
production (Zy).

Figure 1: Structure of the endogenous labour supply and domestic production
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Source: Own elaboration

Note: LSS=Total available labour supply, LST=Total available labour supply in formal labour market,
LZy=Total available labour supply in domestic labour market, LSQn=Skilled labour supply formal market,
LSNQu=Unskilled labour supply formal market, LZQy= Skilled labour supply domestic market,
LZNQp=Unskilled labour supply domestic market, Zy=Domestic production.

To assess the impacts of climate change on gender poverty and inequality, we use
a top-down approach. Specifically, once the CGE model is run, changes in the wage rate,
income level and prices under climate change scenarios are transmitted to the micro (top-
down) module to calculate changes in poverty and monetary inequality. In particular, we
compute the FGT indicators from Foster et al. (1984) together with the Gini index for
inequality.

3.2.Data

The SAM is based on IFPRI et al. (2018). It has 20 activities/commaodities, nine
of which are agricultural activities: cereals, vegetables, tubers, fruit, other non-industrial
agriculture, soybeans, sugar cane, coca and livestock. In order to implement our climate
shocks, we have grouped these 9 agricultural categories into two types of agriculture
(traditional and modern), thus creating two specific agricultural sub-sectors: an
agricultural sector of traditional products, and an agricultural sector of modern products.
Traditional agriculture is labour-intensive and based on indigenous knowledge and
practices, which have been developed over several generations. In the model, this type of
agriculture includes the cultivation of cereals, legumes, tubers, fruits and other non-
industrial crops. Modern agriculture is however characterized by the integration of
technology and includes the cultivation of crops such as soybeans, sugar cane and coca.
Likewise, Bolivian agricultural production is mainly destined for the local market. In fact
only 12% of agricultural production is exported. Modern crops are however exported



more than traditional crops (58% vs. 42%). Soybeans are the main agricultural export
product (46% of total agricultural exports), followed by cereals, which make up 25% of
total agricultural exports.

The SAM distinguishes three factors of production: capital, land and labour. Land is
disaggregated into 3 regions (highlands, valleys and lowlands), and labour is
disaggregated according to the level of skills (skilled and unskilled) and gender type.
There are four different institutional accounts: firms, government, the rest of the world
and households. The latter is further disaggregated according to household characteristics
(rural and non-rural households for female-headed and male-headed households).

Next to the SAM, we use income elasticity from Morales et al. (2017) and borrow
the Armington elasticities from Sevillano Cordero (2012). To assess the impacts on
poverty and inequality, we use data from the National Household Survey (INE, 2018b).

4. Simulations and results

The first simulation is based on an analysis of the direct and indirect effects of the
adverse weather events that occurred in 2013 and 2014 in Bolivia. It considers damage
and losses due to climate events in the agriculture sector to be 689.53 million bolivianos
(Design et al. 2017). It was estimated that the damage caused, represents losses affecting
the land and capital factor of the agricultural sector by 21.9%. This simulation also
considers the variation in the international prices of agricultural products due to climate
change. We use the study carried out by Nelson et al., (2009), which gives forecasts for
some agricultural and livestock products for the years between 2000 and 2050 using the
NCAR (National Center for Atmospheric Research) model based on the A2 scenario of
the IPCC (Intergovernmental Panel on Climate Change) report. We consider a price
increase of 15% for products from the livestock sector and consider a price increase of
17% for soybeans. This price increase has also been applied to coca and sugar crops in
Bolivia, because we consider that these are modern agricultural products. We then
calculated an average price variation for the more traditional agricultural products such
as rice, corn and wheat. An average price increase of 37% was estimated and applied to
the Bolivian traditional crop products.

In the second simulation, we analysed the reduction in agricultural productivity
due to climate change. For this, we use data from Viscarra et al. (2018), who estimate the
impacts of climate change on the average yields of certain products for different scenarios
in Bolivia. In particular, we take into consideration the impacts corresponding to the [IPCC
A2 scenario, where an estimated 5% drop in the average yield of soybean production and
a 12% drop in the average yields of maize and rice in Bolivia will occur. In the model,
we apply the variations in soybean yields to modern crops and the variations in maize and
rice yields to traditional crops. Finally, as was the case in the first simulation, this one
also takes into account the variation in international prices of agricultural products due to
climate change.

4.1.Macro results



Given the importance of agricultural sector in Bolivia, negative results are
expected for the economy as a whole, since the scenarios analysed in this study include
damage to capital and agricultural land (first simulation), and a decline in agricultural
productivity (second simulation).

The results confirm our expectations with a variety of negative effects,
particularly in the agricultural sector. However, the effects are transmitted to the whole
economy through different channels. On the one hand, damage to both capital and
agricultural productivity not only has negative effects on agricultural production, which
is considerably reduced, but it also affects other sectors. As a result, employment is
reduced by 0.15% in the first simulation and by 0.02% in the second one. In the first
simulation, agricultural employment is severely affected, and particularly concerning
unskilled employment, owing to the high intensive use of unskilled labour in the
cultivation of most agricultural crops in Bolivia. However, in the second simulation,
losses in agricultural productivity are compensated for by increased working hours and
therefore increased employment across most cultures. This explains the variations we
observe in wage rates that decrease in the first scenario in greater proportions for unskilled
workers, but increase in the second one, driven by the agricultural crop sector that seeks
to attract more workers by pushing for a short-term wage increase. Regarding the capital
rental rate, it increases in the agricultural sector due to higher use but decreases in the
non-agricultural sectors.

On the other hand, we have a second transmission channel resulting from the
increase in international agriculture and livestock prices as a consequence of climate
change that is included in both scenarios. As a result, the price of imported agricultural
goods becomes more expensive and this causes negative impacts on household
consumption. Indeed, real household consumption decreases by 3.69% and 0.56% for the
first and second simulations, respectively, due in part to the increase in international
agricultural and livestock prices, but also due to the reduction in agricultural production
that makes goods more expensive to purchase. This causes the price index to increase by
3.90% in the first simulation and by 3.14% in the second one. However, this channel also
allows us to observe some positive effects. Indeed, with the increase in international
prices, agricultural producers see an incentive to export their production. This explains
why agricultural crops are affected differently. In section 4.2 we will present the effects
on sectoral production and trade for different crops.

Ultimately, despite the incentives to increase agricultural production and exports
by taking advantage of the increase in international prices in both simulations, losses in
capital, land and agricultural productivity are proportionally greater and therefore
agricultural production is negatively affected. With the increase in international prices
and the rise in the consumer price index, the cost of consuming imported and locally
produced agricultural goods increases, severely affecting consumption. This results in a
decline in GDP of 1.44% in the first simulation, and 0.90% in the second one.

Table 1 - Macro Results (percentage change from baseline)

Item Sim1 Sim 2

Real GDP at basic prices -1.44 -0.90



Consumer price index 3.90 3.14

Real consumption budget of households -3.69 -0.56
Total investment expenditures -3.84 0.08
Employment -0.15 -0.02

Source: Calculations based on the CGE model

4.2.Sectoral effects

In the first simulation, the scenario involves damage and losses in the capital and
land production factors due to adverse weather events in the Bolivian agricultural sector
and the increase in international prices of agricultural products. Therefore, the level of
agricultural production is expected to be affected, particularly for the most capital and
land intensive crops. The results confirm a decline in production for all agricultural crops.
Soybean production, which is the most capital- and land-intensive crop, is the most
affected, with production falling by 18.78%, followed by sugar cane production which
falls by 13.67%. Subsequently, the production of traditional crops (cereals, fruits,
vegetables, and root crops) decreased by 10%-11%, while coca production was the least
affected with a decrease of 5.54%.

Concerning the second simulation, since the scenario evaluates a reduction in the
total factor productivity (TFP) of the economy, we also expect agricultural production to
be affected. The results confirm this hypothesis and show a decrease in agricultural
production for all crops. However, contrary to the previous simulation, traditional crops
are the most affected this time, with production losses ranging from 5.4% to 7%. Modern
crops are affected to a lesser extent with production losses ranging from 1.8% to 3.6%.

Otherwise, as explained in section 4.1 to offset lower levels of agricultural
productivity, (Simulation 2), the agricultural sector employs additional workers.
Interestingly, employment increases slightly more for the production of traditional crops
than for modern ones. Compared to the first simulation, employment decreases across all
agricultural crops, with the exception being sugar cane, with traditional crops being the
most affected.

In terms of agricultural trade, damages caused to land and agricultural capital
(Simulation 1) make Bolivian producers less competitive on the international market, and
consequently exports of most crops decline. In contrast, in the second simulation, (in the
absence of damage to capital and land), the increase in international prices becomes even
more important and provides Bolivian producers with the opportunity to participate on
the international market to a greater extent. In this scenario, all agricultural crop exports
increase, with the exception of soybean.

As for the non-agricultural sectors, the impact is negative overall. In the first
simulation, the negative effects on non-agricultural employment concerns three sectors:
the food industry, restaurants and hotels, and livestock. However, sectors such as public
administration, machinery and other industries, and commercial and financial services
industry, experience a considerable increase in employment, and ultimately in production.
It should be noted that skilled labour is mainly concentrated in these sectors, and they are



not directly affected by the increase in agricultural prices or damage caused to capital and
land. In the second simulation, the increase of employment in the agricultural sector is at
the expense of employment in almost all of the other non-agricultural ones. Sectors such
as public administration, restaurants and hotels, the textile industry and the food industry
are the most affected. Similarly, given that capital remains fixed for the non-agricultural
sectors according to the closure rules used in the model, this translates to losses in sectoral
production. As a result, non-agricultural exports decline in all sectors in the second
simulation, while they increase in the first simulation for almost all non-agricultural
sectors. Finally, given the increase in international prices, imports decline in both
simulations.

4.3.Gendered effects on employment

As explained in section 4.2, the results suggest that climate change scenarios cause
damage to both agricultural and non-agricultural sector employment, resulting in lower
labour market participation. Despite a slight increase in agricultural employment in the
second simulation, the overall effects on employment are negative. Consequently, the loss
of employment in the formal market leads to an increase in domestic workloads in both
simulations. Table 2 provides an overview of the impacts of climate change on formal
and domestic employment in rural and urban sectors, as well as by gender and skills level.

Table 2 — Gendered impacts of climate change on formal and domestic employment
according to skills and location (% change)

Simulation 1 Simulation 2
Location Gender Skilled Unskilled Skilled Unskilled
Domest Formal Domest Formal | Domest Formal Domest Formal
Rural Male -0.92 0.44 0.47 -0.05 0.57 -0.27 -0.33 0.04
Female -1.15 0.62 1.35 -0.14 0.61 -0.32 -0.14 0.02
Urban Male -0.69 0.13 2.09 -0.37 1.25 -0.22 -0.49 0.10
Female -1.36 0.27 2.60 -0.44 1.27 -0.25 -0.51 0.09

Source: Calculations based on the CGE model
Note: Formal=Formal labour market, Domest=Domestic labour market

As mentioned earlier, the results indicate a decrease in employment and therefore
a decrease in formal market participation for both simulations, accompanied with an
increase in domestic workloads. However, the results vary according to skill level. Thus,
the decline in formal market employment in the first simulation concerns only unskilled
workers, while in the second simulation it is the employment of skilled workers in the
formal market that decreases.

In the first simulation, the results reveal a reduction in the formal employment of
the unskilled workforce. This reduction is more significant for women in both rural and
urban areas than for men and ultimately leads to increases in their domestic burdens,
notably for women. Contrastingly, we see an increase in the formal employment of skilled
workers in both rural and urban areas, which results in them being able to reduce their



domestic chores. These results might seem somewhat counter-intuitive, but they can be
explained by the fact that only 2.9% of the total skilled labour force is employed in the
agriculture and livestock sector compared to 17.1% of the total unskilled one. Thus, a
decline in agricultural employment affects to a lesser extent the skilled worker. In
addition, the skilled worker would be more likely to find employment in the non-
agricultural sectors, such as public administration or trade and financial services which
benefit from increases in production and employment, as mentioned in section 4.2. The
public administration and trade with the financial service sectors together account for
64.9% of the total employment of skilled women compared to 63.8% for skilled men.
This explains why skilled women benefit most with increases in employment in the
skilled formal market. As a result, skilled workers who are less affected in the labour
market see their wages fall by smaller proportions compared to unskilled workers.

As for the results of the second simulation, we have a somewhat different
outcome. On the one hand, the increase in formal employment in agricultural crop sector
leads to slight increases of unskilled employment, which again is explained by the fact
that the agricultural sector in Bolivia is intensive in unskilled labour. This leads to a
greater reduction of domestic burdens for men than for women, with rural women
reducing their domestic burdens by the least amount (0.14%). On the other hand, the
opposite effect is observed among skilled workers. Indeed, the results indicate a reduction
in formal skilled employment, which translates into increased domestic burdens for
skilled workers. Interestingly, the reduction of formal employment is more significant in
rural areas. Once again, women are particularly disadvantaged, mainly in rural areas,
where the participation of women in the formal market is reduced to a greater extent than
men’s (0.32%), making this segment of the population a highly vulnerable group in the
context of climate change.

4.4.Impacts on agents

The effects of climate change can be observed through the different economic
actors in the Bolivian economy, namely firms, the government and households. In our
two simulations, all agents are negatively affected, except firms, however households and
particularly their real consumption are the most seriously affected.

Concerning the first simulation, we have an increase in all sources of income for
firms (capital income and transfers). It should be noted that firms’ income is derived
mainly from capital income, and given the decline in capital, mainly in agricultural crops,
it generates increases in the capital rental rate. This ultimately leads to a 3% increase in
total income and firms’ savings.

Concerning the government, we have declines in all sources of income except for
transfer revenues. Total public revenues and savings fall by 2.22% and 7.29%,
respectively. In the second simulation, the effects of climate change on these agents
follow the same trend as the first, but in smaller proportions. Indeed, firms' income and



savings increase by 0.37% and 0.39% respectively. While total public revenues and
public savings decline by 0.19% and 1.79%.

As for households, results vary considerably as they are disaggregated by gender
and location (rural and urban areas). Rural households are the most affected in the first
simulation and the least benefitted in the second one. In the first simulation we have a
decline in wages and thus a decline in the main source of household income. However,
we do see an increase in income from land and capital, which is almost entirely acquired
by urban households (see section 3.1). This ultimately compensates for losses in labour
income experienced by urban households. Indeed, household income in rural areas
declines by 3.0% for men and 2.8% for women, while urban household income increases
slightly by 0.7% for both men and women. In the second simulation, incomes increase
for all categories of households due to the pressure for higher wages in the agricultural
crop sector which seeks to compensate for the losses in productivity, by attracting
additional workers. Urban households benefit most here. Indeed, while incomes increase
by 2.6% in urban areas for both women and men, in rural areas they increase by only
2.1% and 2.2% for men and women respectively. This result is due to the increase in
capital income which is mainly held by urban households.

In terms of consumption, we probably have the most surprising effects. As we
explained in section 4.1, the combination of rising prices and falling wages in the first
simulation severely affects real consumption of all categories of households. Although
consumption declines to the same extent for both men and women (3.9% and 3.8%
respectively), the disparities between urban and rural areas are particularly large. For
example, rural women's income decreases by 6.8 %, compared to 3.2 % for urban women.

With regard to the second simulation, the increase in wages leads to an increase
in disposable income for all categories of households. This increase should lead to higher
consumption, however due to the fact that increases in income are proportionally lower
than the increases of prices, there is a loss of household purchasing power, which in turn
leads to a decline in real consumption for all categories of households. Consumption
decreases slightly more in male-headed households than female-headed ones (0.6% vs
0.5%). As observed in the previous simulation but to a lesser extent, rural households are
the most affected. For example, rural women's income decreases by 0.9% compared to
0.4% for urban women.

4.5.Impacts on Poverty and Inequality

To assess the impact of climatic shocks on the evolution of poverty, we use the
(Foster et al., 1984) indexes FGTO, FGT1 and FGT2. FGTO reflects changes in the
incidence of poverty or headcount, FGT]1 reflects the depth of poverty, measured by the
poverty gap and FGT2 reflects the severity of poverty.

Figure 2 — Effects on poverty (in %)



Effets on male poverty Effets on female poverty

H Base Sim 1 Sim 2 M Base Sim 1 Sim 2

37,08%
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37,47%
38,54%
40,54%
38,90%
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Bl 8,84%
I 15,85%
Il 9,19%

I 15,19%

FGTO FGT1 FGT2 FGTO FGT1 FGT2

Source: Calculations based on the Microsimulation model
Note: Sim 1=Simulation 1, Sim 2=Simulation 2, Base = Baseline scenario.

Figure 2 summarises the impacts on poverty. Starting from the baseline scenario,
we already see that poverty levels are slightly higher for women than for men. Then, we
can then see the evolution of poverty levels for the FGT indicators compared to the levels
calculated in the baseline scenario, i.e. in the absence of the climate change scenarios.
The results indicate that damage and losses due to climate disasters (Simulation 1)
increases the number of poor households, with women more affected than men. Indeed,
compared to the baseline scenario, the poverty headcount increases by 2.01% in female-
headed households compared to 1.88% in male-headed households. This results in more
than 40% of female-headed households being classified as poor. The effects are
particularly regressive, with poverty increasing amongst the poorest households (increase
in the FGT 2 index for female-headed households).

The decline in agricultural productivity (Simulation 2) also worsens poverty
levels, but to a lesser extent than in the first simulation, and also reveals that women are
more vulnerable to the effects of climate change than men. In fact, the poverty headcount
for women reaches 38.90% compared to 37.47% for men. Similarly, there is an increase
in the depth and severity of poverty for both men and women. Again, the vulnerability of
the poorest women is becoming worse.

Concerning inequality, we estimate a GINI index of 0.41 for the base scenario,
however the inequality gap depending on location is important with rural areas registering
higher levels of inequality compared to urban areas (0.48 vs 0.38). With respect to this
reference situation, both simulations lead to an increase in inequality, but the first
simulation increases inequality to a greater extent. Actually, inequality increases by
0.15% 1in the first simulation, while in the second simulation it increases by only 0.02%.
Similarly, in both simulations, inequality in urban areas increases more than in rural ones,
suggesting that climate change exacerbates inequality more in urban Bolivia.

5. Concluding remarks

This study provides an insight into the possible impacts that climate change could
have on Bolivian women through two different scenarios. Firstly, we analysed the effects



of climate damage on agricultural capital and land (Scenario 1), and secondly, we
analysed the effects of a decline in agricultural productivity (Scenario 2). While the
results indicate that although the effects of climate change mainly affect the agricultural
sectors, the effects also spread to the rest of the sectors, negatively affecting the economy
as a whole.

We find that the most negative effects would be felt by households, particularly
rural ones, which experience the greatest declines in real consumption. Furthermore,
female-headed households are the biggest losers in both simulations, as they are trapped
in the poverty circle to a greater extent compared to male-headed ones.

This analysis also seeks to improve the understanding of the interrelationship
between climate change, domestic work and formal work by explicitly integrating the
domestic tasks performed by Bolivian households according to gender into the
simulations. It should be noted that as things stand, women already spend much more
time doing unpaid domestic work than men. The results indicate that climate change
further increases the domestic work burden on households and significantly the burden
on women, which implies that pre-existing gender disparities in Bolivia are further
reinforced in the context of climate change.

Our results show that climate change contributes to widening existing gender gaps
in the labour market, negatively affecting women's formal employment to greater extent
than men’s, resulting in heavier domestic burdens for women in both rural and urban
areas. However, although the trend is the same in both scenarios with increases in
domestic work, the results according to skills level in the first simulation indicate that the
increase in domestic burdens is borne by those unskilled, while in the second simulation
it is the skilled workers who carry this increase in unpaid work.

The results reveal that Bolivian women are more vulnerable to the effects of

climate change than men. Consequently, climate change adaptation policies should focus
on gender and consider rural women as a highly vulnerable group. They should also be
specific and prioritise the adaptation of crops to climate change such as cereals, tubers
and vegetables which are staple foods in Bolivia.
Although the scenarios used in this study considered specific damages to different types
of agricultural crops in Bolivia, we think that at a regional level, these same crops could
be affected differently because of the wealth of geographical diversity in Bolivia.
Therefore, studying specific scenarios at regional levels could be relevant for future
research. Similarly, breaking down domestic work into different categories of work could
be useful since within domestic work we have different activities such as caring for the
elderly or children, cooking activities, fetching water and wood, cleaning activities,
amongst others. This would make it possible to identify specific public policies to enable
women to lessen their domestic burdens.
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