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Abstract

As the influence of climate change on human sustainable development intensifies, the issue of climate change is
attracting the attention of more and more scholars, countries, international organizations. However there are few
of empirical studies investigating the relationship and interaction mechanisms between climate change and
women’s political empowerment under the background of sustainable development. Here, using a two-way fixed-
effects model, and a large balanced panel data of 132 countries from 1995 to 2023, we provide new evidence on
the relationship and interaction mechanisms between climate change and women’s political empowerment. We
conclude that climate change has a negative impact on women’s political empowerment and income inequality
magnifies the effect. Subsample analysis shows the negative impact is particularly pronounced in countries with
right-wing parties in power and high levels of economic development. Moreover, government efficiency, political
stability and sustainable development ability slows down the impact of climate change on women’s political em-
powerment and has a positive moderating effect. Our paper provides new insights for research in related fields.

Key words: climate change, sustainable development, women’s political empowerment, income inequality, social
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Streszczenie

W miarg¢ jak wptyw zmian klimatycznych na zréwnowazony rozwoj cztowieka narasta, kwestia zmian klimatycz-
nych przycigga uwage coraz wigkszej liczby naukowcow, krajow i organizacji miedzynarodowych. Zarazem ist-
nieje niewiele badan empirycznych badajacych zwiazek i mechanizmy interakcji migdzy zmianami klimatycznymi
a wzmocnieniem pozycji politycznej kobiet na tle zrownowazonego rozwoju. W tym artykule wykorzystujac dwu-
kierunkowy model efektéw statych i duze zbilansowane dane panelowe 132 krajow z lat 1995-2023, dostarczamy
nowych dowodow na temat zwigzku i mechanizméw interakcji miedzy zmianami klimatycznymi a wzmocnieniem
pozycji politycznej kobiet. Wnioskujemy, ze zmiany klimatyczne maja negatywny wpltyw na wzmocnienie pozycji
politycznej kobiet, a nierownosci dochodowe poteguja ten efekt. Analiza pokazuje, ze negatywny wplyw jest
szczegoblnie wyrazny w krajach, w ktorych rzadza partie prawicowe i ktore maja wysoki poziom rozwoju gospo-
darczego. Ponadto wydajno$¢ rzadu, stabilno$¢ polityczna i zdolno$¢ do zrownowazonego rozwoju spowalniaja
wplyw zmian klimatycznych na wzmocnienie pozycji politycznej kobiet i maja pozytywny efekt moderujacy. Nasz
artykul dostarcza nowych spostrzezen dla badan w pokrewnych dziedzinach.

Stowa kluczowe: zmiany klimatyczne, zrownowazony rozwdj, wzmocnienie pozycji politycznej kobiet, nierow-
no$ci dochodowe, zarzadzanie spoteczne
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Introduction

Climate is not only the basis and resource for human development, but also affects and limits the process of sus-
tainable development. The global warming trend has intensified in recent years, and the average global temperature
has increased by about 1.1°C per year compared to the pre-industrial average during 1850-1900 (Cevik and Jalles,
2023). Climate change has triggered heavy rainfall, floods, droughts, hurricanes and other natural disasters and
extreme weather events (Stern, 2007), leading to all kinds of adverse impacts on health, food security and related
property losses (IPCC, 2023). Women's economic empowerment is far more affected by climate change than men's
due to differences in physiology, division of labor characteristics, and gender inequality. Climate change exacer-
bates gender inequality through direct or indirect factors, such as affecting women's employment opportunities
and expected income. (Sorensen et al., 2018; Patel et al., 2020; Habib et al., 2022). Economic empowerment pre-
cedes political empowerment (Doepke et al., 2012). Because climate change has a direct impact on women's eco-
nomic empowerment, it could also affect political empowerment (Brule, 2023). However, at a time when climate
change overlaps with geopolitical tensions and crises of economic instability, there are huge differences and di-
versity in political systems, political parties, and levels of economic development in countries around the world,
and governments continue to improve sustainable development capacity to address the climate crisis, the mecha-
nism of climate change influence on women's political empowerment is not yet clear.

Brule (2023) showed that climate change can disrupt gendered social institutions, trigger political change, and
affect women’s political participation. However, he does not present an empirical analysis. Therefore, this paper
aims to focus on and address the following questions: How does climate change affect women’s political empow-
erment? Does a country’s capacity for sustainable development play an important role? At the 1995 World Con-
ference on Women, member states appealed to promote women’s empowerment, put forward women’s full par-
ticipation in any field of society. Women’s political empowerment encompasses various dimensions such as civil
liberties, social participation and political participation (Sundstrom et al., 2017). Figure 1 shows the global state
of women’s political empowerment in 2023, we found that it is uneven globally. To date, no empirical studies
have been conducted to explore the influence and mechanism of climate change on women’s political empower-
ment in the context of sustainable development. We believe that this is a worthwhile research topic, and our study
has practical implications in related fields.

Figure 1. Global Women’s Political Empowerment Index 2023, source: Our World in Data
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Notes: The figure is processed by Our World in Data. Original data are from V-Dem database. It reflects the extent to which
women enjoy civil liberties, participate in civil society and participate in politics. The value ranges from 0 to 1.

How does climate change affect women’s political empowerment? First, because women’s livelihoods are more
dependent on climate-sensitive jobs, climate change reduces their ability to secure resources and generate income
(Shiroli et al., 2022). Climate change makes women more vulnerable to poverty than men, which in turn affects
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women’s economic empowerment. Doepke et al. (2012) pointed out that from the perspective of historical evolu-
tion, economic empowerment precedes political empowerment. Economic empowerment is the right to survival
and development. Women’s economic empowerment is the circumstance where women gain economic benefits
and negotiate influence (Cornwall and Edwards, 2010; Duflo, 2012). If climate change affects women’s economic
empowerment, women will face problems of survival, food and clothing, and political representation will inevita-
bly be affected. Second, climate change may affect women’s political empowerment by creating income inequal-
ity. Cevik and Jalles (2023) argued that there is a mutual influence between climate change and income inequality;
increased vulnerability to climate change has led to increased income inequality in 158 countries around the world.
Low-income people are more exposed to risks, such as living in areas like floodplains or arid zones, or doing
manual labor outdoors, and have lower economic resilience and resistance to shocks that have more lasting nega-
tive effects on their future income, so climate change will exacerbate the gap between rich and poor (Liu, 2021).
Goldin (2021) showed that the value of greedy work has risen sharply since the early 1980s as income inequality
has risen. Greedy work also means that marital justice has been and continues to be abandoned in order to increase
family income. When marital justice is abandoned, gender equality usually goes with it (Goldin, 2021). Income
inequality further exacerbates gender inequality and may also affect women’s political participation. Therefore,
we believe that climate change may bring to impact on women’s political empowerment, and income inequality is
a mechanism.

In this paper, we develop a kind of two-way fixed-effects model, and a large balanced panel data of 132 countries
from 1995 to 2023 was used in this empirical study. It innovatively incorporates income inequality as a mediating
variable in the analytical framework, linking climate economics with feminist political ecology and filling the
current research gap related to women’s political empowerment. Following Grecequet et al. (2017), Wen et al.
(2023), and Chen et al. (2023), we chose the Climate Vulnerability Index to represent climate change, which is
widely used in climate change-related research. The Women’s Political Empowerment Index was chosen as the
dependent variable to represent the level of political empowerment.! The empirical results support our analysis
that climate change negatively affects women’s political empowerment and is mediated by income inequality. We
also conducted important robustness checks to ensure reliability. These included the substitution of indicators, the
addition of omitted variables, and the substitution of the estimated model and the study sample. All results were
consistent with the baseline regression. The subsample analysis shows that the negative influence is particularly
evident in countries with right-wing parties in power and high levels of economic development. Meanwhile, we
also introduced variables such as income inequality, government efficiency, government stability and sustainable
development to conduct mediation effects and moderation tests. Income inequality has magnified the impact of
climate change on women’s political empowerment. The results of the moderation tests show that government
efficiency, political stability and sustainable development have a positive moderating effect, they could mitigate
the influence of climate change on women’s political empowerment.

Compared to the existing literature, our contributions are as follows. First, the existing literatures only focus on
the impact on women’s economic empowerment and gender mainstreaming policies related to climate change, and
lack empirical research on the impact on women’s political empowerment. Our study fills the gap in this area.
Second, most of the existing research is related to the outcome and benefits of women’s political empowerment,
but only a few literature studies the factors that influence women’s political empowerment. This study explores
the relationship between climate change and women’s political empowerment from the perspective of sustainable
development, which is an addition to the existing literature. Meanwhile, this is of great significance for studying
the mechanism of climate change on women’s political empowerment. Third, income inequality is innovatively
introduced into the analytical framework as an intermediate variable to analyze the mechanism of climate change
on women’s political empowerment. Climate change exacerbates the pervasive global crisis of income inequality,
which disproportionately affects women. This paper connects income inequality to climate change and women’s
political empowerment, which sets our paper apart from previous studies.

The remainder of this paper consists of the following four parts. Section 2 reviews the literature on climate change
and women’s political empowerment. Section 3 provides a detailed description of the methodology and data. Sec-
tion 4 presents the empirical results and causal analysis. Section 5 presents the summary and policy implications.

2. Literature review
In this section, we provide a preliminary review of the existing literature from two perspectives: the impact of

climate change on women and women’s political empowerment. We then point out the limitations of existing
research and the value of our research.

! This index comes from the VV-DEM dataset which is more reliable, covers a longer time period, and provides greater cover-
age than existing indicators.
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2.1. The impact of climate change on women

On the one hand, many scholars examine the impact of climate change on women’s economic and health rights.
Climate change affects women’s health in multiple ways, including increased exposure to climate hazards, changes
in disease transmission, decreased food security, and reduced water quality (Crimmins et al., 2016). Sorensen et
al. (2018) showed that women have obvious health needs, such as nutritional needs during pregnancy, and that
existing gender-based health disparities may be exacerbated by climate change. Demetriades and Esplen (2008)
showed that gender discrimination in the allocation of resources related to nutrition and medicines may put women
at greater risk than men. According to Desai and Zhang (2021), due to vulnerability to climate change, women’s
health is at higher risk, especially in LMICs. Tanjeela and Rutherford (2018) showed that climate change directly
affects women’s household food security, water use, and livelihoods, thereby increasing women’s socioeconomic
vulnerability. Levy and Patz (2015) showed that climate change is a major threat to women’s rights, especially for
women living in rural areas of developing countries. The prevailing social norms that perpetuate traditional gender
roles have the effect of hindering women’s access to and control over assets, making them more vulnerable to the
risks posed by climate change (Goh, 2012).

On the other hand, many scholars have studied gender mainstreaming in climate change mitigation and adaptation
policies. Alston (2014) pointed out that gender mainstreaming is crucial not only to ensure the comprehensiveness
of climate policies and plans, but also to ensure that women are supported and have the right to act on their own
behalf. Singh et al. (2022) showed that rural women have made significant contributions to the climate change
process. Glazebrook (2011) used the example of the impact of extreme weather events on subsistence farmers in
Ghana to demonstrate that women can contribute to adaptation efforts.

Many of literatures on climate change and women are concerned with the disproportionate impact of climate
change on women and gender mainstreaming in climate change response policies. Existing research on the impact
of climate change on women’s political empowerment is limited. Climate change will undoubtedly affect women’s
political empowerment, but the mechanisms are unclear. Our study fills this research gap.

2.2. Political empowerment of women

In the existing research literature, there are many empirical analyses from a macro perspective on the causal rela-
tionship between women’s political empowerment and economic level, women’s entrepreneurial environment,
and natural environment. Hornset and Soysa (2022) showed that granting more rights to women is positively cor-
related with higher human capital. Kilolo et al. (2023) empirically analyzed that granting women more political
rights has a positive impact on export diversification. Nkoa et al. (2023) showed that the use of social media has a
significant positive impact on the political empowerment of African women. Goltz et al. (2015) showed that
women’s entrepreneurship has a positive facilitating effect on women’s political empowerment.

In terms of social governance, Rios et al. (2023) found that there is a mutually reinforcing effect between women’s
political empowerment and improvements in the quality of government. Chattopadhyay and Duflo (2004) found
that in decision-making on public issues, women can often provide different opinions due to different perspectives
from men to improve the efficiency of public governance. According to Lumet et al. (2022), improving women’s
incomes and expanding their leadership roles helped reduce poverty. In terms of climate change, Brule (2023)
showed that climate shocks can motivate women and feminist advocates to mobilize and reorient local and national
policy agendas to address vulnerabilities exposed by climate shocks. Through empirical analysis of 169 countries.
Asongu et al. (2022) showed that women’s participation in political and administrative decision-making can in-
crease the capacity of communities to adapt to climate change and mitigate the adverse effects of climate change.
The literature on women’s political empowerment mainly examines societal outcomes and benefits, but research
on the factors that influence women’s political empowerment is very limited. We explore the impact of climate
change on women’s political empowerment from the perspective of social governance, which complements the
existing literature and has important implications for understanding the mechanisms through which climate change
affects women’s political empowerment.

We examine the impact of climate change on women’s political empowerment from the perspective of social
governance. Compared to the existing literature, our contributions are mainly reflected in the following aspects.
Firstly, existing research has focused on the negative impact of climate change on women’s health and property
rights, and on gender mainstreaming in climate change mitigation and adaptation policies. There has been no
empirical research on the potential link between climate change and political empowerment. Taking women’s
political empowerment as a research object, this paper conducts an empirical study that fills a gap in this area of
research. Secondly, the majority of research has focused on the consequences and benefits of women’s political
empowerment, such as causal relationships with exports, human development, environment and entrepreneurship,
but there are few researches on the factors that influence political empowerment. This study complements the
existing literature by focusing on the impact of climate change on political empowerment from a social governance
perspective. Improving the effectiveness of governance can contribute to women’s political empowerment (Rios
et al., 2023), and women’s participation in political and administrative decision-making can improve climate
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change adaptation (Asongu et al., 2022). As climate adaptation policies become the focus of attention in all coun-
tries, it is essential to explore the mechanisms of climate change on political empowerment from the lens of social
governance. Thirdly, Cevik and Jalles (2023) found that increased vulnerability to climate change leads to in-
creased global income inequality. Stockmer (2017) found that worsening income inequality has slowed the growth
of women’s representation. However, the link between income inequality, climate change, and women’s political
empowerment is not well studied. This paper innovatively introduces income inequality as an intermediate variable
into the empirical model and analyzes the mechanism of climate change on women’s political empowerment.
Climate change exacerbates the pervasive global crisis of income inequality, which disproportionately affects
women. This paper differs from previous studies by linking income inequality to climate change and women’s
political empowerment.

3. Empirical analysis methods and data

3.1. Estimation model

In this paper, we use a two-way fixed effects model to examine how climate change affects women’s political
empowerment. This model can reduce estimation errors caused by omitted variable bias and unobservable indi-
vidual characteristics or time trends. (Yin et al., 2023; Zhao et al., 2023). Based on the above advantages, a two-
way fixed effects model for panel data was constructed:

Gender;; = aClimate;, + BX'; + Wi + v + &;¢ 1)

Here Gender;; and Climate;; represent women’s political empowerment and climate change in country i in year
t respectively; X';; represents the control variables including level of economic development (GDP), education
expenditure by government (Education), women’s employment status(Employee), women’s political participation
(Seat), national urbanization level (Urban), national Health investment (Health), national gender structure (Popu-
lation), women’s entrepreneurship status (Employer); y;, v; and g;; represent the capture of individual fixed ef-
fects, the capture of time fixed effects and the error term respectively; i and t represent countries and years respec-
tively.

To investigate the mechanisms, we conduct a mediation effect analysis. Following Zhao et al. (2010), we use two-
stage regression to test the effect mechanism and construct the path as shown in equations (2) and (3). Equation
(3) is used to test the influence of climate change on inequality, which is chosen as the mediating variable. Equation
(2) examines the influence of inequality on women’s political empowerment.

Gender;; = aClimate;; + pInequality;; + BX';c + Wi + Vi + €t (2)
Inequality;; = aClimate;, + BX'j + W + Vi + €t 3)

Where Inequality;, is the Gini coefficient in year t in country i.
To further explore the social governance pathways that mitigate the negative impact of climate change on women’s
political empowerment, we developed a moderating effects model as shown in equation (4).

Gender;; = aClimate; + yM;, + BX'ic + W + Ve + &t 4

Here, M;, denotes the moderating variable, including government effectiveness (Efficiency), political stability
(Stability) and sustainable development (SD). If the direction of coefficient y is the same as the baseline regression,
it means that the moderating variable strengthens the original effect and, conversely, weakens the original effect
(Aghion et al. 2005).

We also perform robustness tests. The PCSE estimation method is a commonly used method to correct cross-
sectional correlation problems in panel data regression, it can address the simultaneous correlation, heteroscedas-
ticity and sequence correlation problems (Beck and Katz, 1995; Zakari and Musibau, 2024). FGLS method can
also modify these problems and improve the effectiveness and consistency of panel regression (Lewis and Linzer,
2005). In our study, the regression results of these estimation methods tend to be consistent. PIFE is mainly used
to address endogeneity issues of available variables that vary over time and across individuals (Bai, 2009). The
effects of time shocks can be multidimensional, and the same climate change shock can have different effects in
different countries. PIFE better reflects reality by taking into account the multi-dimensional influence of climate
change and the heterogeneity of responses to this influence across countries, thereby improving the model’s good-
ness of fit. The model is as follows:

Gender;, = aClimate;, + BX'j; + Wi + v + A{F + g (5)

Here, A;F, denotes the interactive fixed effect, which is the product of a multi-dimensional individual effect and
a time effect ; F, denotes co-factor, A; denotes factor loading.
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3.2. Variables and data description

3.2.1. Independent and dependent variables

We use the Women’s Political Empowerment Index (Gender) as the primary proxy for women’s rights. This index
is calculated by averaging the scores of Gencl, Gencs, and Genpp. Following the practice of Asongu et al. (2022),
we chose it and its sub-dimensions obtained through Bayesian estimation to measure the level of women’s civil
liberties (Gencl), civil society participation (Gencs) and political participation (Genpp) as dependent variables.
The values of all indicators are between 0 and 1, with higher values indicating greater importance.

Following Grecequet et al. (2017) and Chen et al. (2023), we choose the climate vulnerability index from ND-
GAIN as the core explanatory variable.? The value of the index ranges between 0 and 1, with higher values indi-
cating higher levels of climate vulnerability. ND-GAIN data are widely used in empirical studies related to climate
change (Cevik and Jalles, 2023; Wen et al., 2023). The climate vulnerability index shows a country’s vulnerability
to climate disruptions, which can reflect the level of influence of climate change.

3.2.2. Control variables

The protection of women’s property and the prevention of violence are closely related to economic development,
population, and urbanization. Doepke and Tertilt (2009) showed that women’s rights are related to GDP per capita.
There are examples in the American history of women’s rights where the expansion of economic rights preceded
their political rights. Research by NKkoa et al. (2023) found that urbanization is related to women’s political em-
powerment. Therefore, we include the above indicators in the control variables. It is measured by GDP growth,
Urban, and Population. Substantial bargaining power and guarantees of future economic sustainability are partic-
ularly important for better access to resources, so education, health is important for women’s empowerment (Corn-
wall and Edwards, 2010; Golla et al., 2011). Therefore, we included the above indicators in our model and meas-
ured it using Education, Health, Employer and Employee. In addition, policies that better reflect women’s priorities
are often favored by women. They prefer policies that improve their status at home. For example, policies that
improve their status in case of divorce and policies that increase their chances of entering the labor market (Duflo,
2012). We include the level of women’s political participation as a control variable. All control variables are
derived from the World Development Indicators dataset.

The empirical analysis uses a balanced panel data set with annual observations and covers a large set of 132 coun-
tries over the period 1995 to 2023. The description of the variables and sources is presented in Appendix Table
Al, and the list of countries is presented in Table A2. The descriptive statistics of the variables after taking the
natural logarithm are presented in Table 1. The value of the variable Gender is between -0.418 and -1.410; the
mean deviation and the standard deviation are -0.894 and 0.208 respectively. The variable Gender is differentiated
by country. Next, we focus on the variable Climate. Climate has a minimum value of -2.033 and a maximum value
of -0.036. The mean and standard deviation are -0.350 and 0.320, respectively. This indicates that climate vulner-
ability varies across countries. In addition, some details on other control variables have been provided. For exam-
ple, GDP, Population, Health, Employer, Labor, and Seat show differences across countries, while Urban and
Education do not show significant differences.

Table 1. Descriptive statistics, source: authors’ own computation

Variable N Mean S.D. Min Median Max

Climate 3828 -0.350 0.320 -2.033 -0.250 -0.036
Gender 3828 -0.894 0.208 -1.410 -0.903 -0.418
GDP 3279 1.318 0.828 -4.414 1.443 5.010
Education 2658 1.431 0.388 0.004 1.488 2.643
Employee 3695 3.819 0.855 0.571 4.185 4596
Seat 3385 2.773 0.773 -1.102 2.907 4.155
Urban 3828 3.999 0.455 2.286 4.122 4.605
Health 2774 6.403 1.360 2.359 6.439 9.431
Population 3828 15.605 1.590 11.801 15.498 20.355
Employer 3695 0.319 0.947 -4.113 0.537 2.463

2 We used the ND-GAIN Country Index (2024 version), but unfortunately the data was only updated to 2022, so for the accu-
racy of the regression results, we interpolated the data for 2023.
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4. Empirical results and discussion

4.1. Baseline test

Baseline regressions were performed by adding the control variables one at a time. The regression results are
shown in Table 2. All the indicators of women’s political empowerment constructed above as dependent variables
are in columns 1 to 9. The results show that the coefficients of the core independent variables are -0.121, -0.152,
-0.437, -0.455, -0.144, -0.224, -0.174, -0.174 and -0.170, respectively, which are all significantly. The results in
column 9 show that, all else equal, women’s political empowerment decreases by 17.0% for every unit increase in
climate vulnerability. This suggests that climate change has a negative impact on women’s political empowerment.
Possible reasons for this could be as follows. First, because the majority of people living in poverty are women,
they tend to have fewer assets and rely more on natural resources to support their families (Bell and Braun, 2010;
Ndlovu and Mjimba, 2021). The intensification of climate change and the resulting natural disasters threaten the
natural resources on which women are more dependent, affect women’s equal ownership, and in turn affect
women’s political rights to civil liberties, such as freedom of family activities (Behrman and Weitzman, 2016).

Table 2. Impact of climate change on women’s political empowerment, source: authors’ own computation

(1) (2) 3 4) (5) (6) (7 (8) (9)
Variable Gender Gender Gender Gender Gender Gender Gender Gender Gender
Climate -0.121* -0.152** -0.437*** -0.455*** -0.144** -0.224*** -0.174*** -0.174*** -0.170***
(-1.80) (-2.28) (-5.99) (-5.99) (-2.37) (-3.54) (-2.74) (-2.76) (-2.69)
GDP 0.000 0.003 0.003 0.000 -0.002* 0.002 0.002 0.002
(-0.22) (1.52) (1.56) (0.30) (1.85) (1.57) (1.22) (1.28)
Education 0.040*** 0.041*** 0.015** 0.007 0.007 0.003 0.003
(5.84) (5.98) (-2.03) (1.28) (1.26) (0.46) (0.50)
Employee -0.011 -0.020*** -0.019*** -0.031*** -0.031*** -0.032***
(-1.22) (-2.72) (-2.63) (-4.08) (-4.10) (-4.26)
Seat 0.096*** 0.090*** 0.088*** 0.086*** 0.085***
(28.49) (26.56) (25.97) (25.12) (24.74)
Health 0.002 0.009 0.019*** 0.018***
(0.40) (1.51) (3.05) (2.92)
Urban 0.120*** 0.081*** 0.082***
(5.17) (3.36) (2.92)
Population 0.088*** 0.091***
(5.39) (5.55)
Employer 0.009**
(2.37)
Constant 0.553*** -0.560*** -0.807*** -0.782*** -0.683*** -0.695*** -1.114*** -2.378*** -2.407***
(-9.42) (-9.59) (-12.20) (-11.10) (-12.19) (-11.26) (-10.96) (-9.32) (-9.43)
Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 3828 3279 2313 2305 2133 1860 1860 1860 1860
R-squared 0.198 0.234 0.261 0.262 0.455 0.445 0.454 0.463 0.465

Notes: *** p<0.01, ** p<0.05, and * p<0.1.

Second, climate change is associated with increased political instability. According to Dell et al. (2012), for every
1°C increases in annual temperature, the likelihood of an unconventional change in government leadership in poor
countries increases. The increase in political instability and instability challenges the role of women in political
participation. At the same time, climate change leads to international instability and even the possibility of inter-
national conflict (Raleigh, 2010). In conflict, women are the weak and the victims, it is difficult for them to par-
ticipate actively in politics or have less energy to participate equally in the full distribution of power.

Third, in the division of labor at home, women are often responsible for collecting food, water, fuel for cooking
and heating (Liu, 2021). Extreme weather disasters, such as high temperatures, heavy rains and droughts caused
by climate change, make women spend more and more time collecting food, water and fuel, and school-age girls
are often involved in efforts to reduce the burden on their families. This leads to unequal treatment of girls in terms
of educational resources and a decline in girls’ educational attainment. Due to the declining level of education,
women’s participation in political decision-making is often impossible. This indirectly affects their participation
in political activities and leads to the decline of women’s political empowerment (Djoudi and Brockhaus, 2011).

4.2. Robust tests
Further empirical tests were conducted to verify robustness. First, variable substitutions were performed on the
dependent and independent variables. Column 3 is the indicator reconstruction for the dependent variable. We use
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women’s civil society participation index as an indicator of women’s political empowerment in equation (1) for
measurement, represented by Gencs. Columns 1-2 are substitutions for independent variables, where we use two
of the six life support sectors in the climate vulnerability index, food and human habitat vulnerability, as indicators
of climate change in equation (1) for measurement (Cevik and Jalles, 2023), represented by Food and Habitat. As
we observe in Table 3, these empirical results indicate that climate change affects women’s political empower-
ment, which is consistent with the baseline results.

Table 3. Replace dependent and independent variables, source: authors’ own computation

Variable 1) 2) 3)

Gender Gender Gencs
Climate -0.212**

(-2.26)

Food -0.083***

(-2.82)
Habitat -0.112%**

(-2.82)

Control variables Yes Yes Yes
Year Yes Yes Yes
Country Yes Yes Yes
N 1860 1860 1860
R-squared 0.465 0.465 0.145

Notes: *** p<0.01, ** p<0.05, and * p<0.1.

Second, we considered the omitted variables. Three omitted variables were introduced, namely women’s labor
force participation, population growth, and the size of trade. Iversen and Torben (2008) found that labor force
participation has a positive impact on women’s political participation. Historical statistics showed that population
growth is closely related to the growth of greenhouse gas emissions (Jiang and Hardee, 2011). Global warming
will bring droughts, floods, and other natural disasters, which will further increase climate vulnerability. We use
population growth to measure this indicator. Expanded trade creates more employment opportunities for women,
and Kim and Lee (2011) found that mobilizing women to participate in light manufacturing exports can enhance
women’s empowerment. We measure trade in terms of goods exports. The test results shown in Table 4 are con-
sistent with the baseline regression.

Table 4. Endogeneity concerns — adding omitted variables, source: authors’ own computation

Variable 1) (2 3)
Gender Gender Gender
Climate -0.181*** -0.198*** -0.130*
(-2.86) (-2.71) (-1.79)
Labor -0.056** -0.051* -0.014
(-2.45) (-1.92) (-0.49)
Population Growth -0.002 -0.001
(-0.66) (-0.63)
Goods 0.008*
(1.87)
Constant -2.192*** -2.451*** -2.842%**
(-8.14) (-6.37) (-7.44)
Control variables Yes Yes Yes
Year Yes Yes Yes
Country Yes Yes Yes
N 1860 1574 1508
R-squared 0.467 0.453 0.483

Notes: *** p<0.01, ** p<0.05, and * p<0.1.

Third, three different estimation methods are used to confirm our baseline regression, such as FGLS, PCSE, and
PIFE. The FGLS method proposed by Parks (1967) can effectively address the issues of heteroscedasticity and
correlation by establishing a covariance matrix estimation model for error terms. Beck and Katz (1995) thought
that the standard errors generated by FGLS were too small and corrected it to propose the PCSE method. The PIFE
estimation method reduces the endogeneity of the model estimates by controlling for unobservable factors that
vary across individuals and over time, where the interaction fixed effect is the interaction term of the time factor
variable and the individual factor load, taking into account the possible dynamics of women’s political empower-
ment. The results of the FGLS estimation are negative at the 1% level, while the result of the PCSE and PIFE
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estimation are negative at the 5% level. These results, reported in column 1 to 3 of Panel A of Table 5, are con-
sistent with the baseline regression results, demonstrating the robustness of the baseline regression results.

Table 5. Alternative analytical methods and change the sample, source: authors” own computation

Variables (1) (2) (3)
Gender Gender Gender
Panel A: Alternative analytical methods |
FGLS PCSE PIFE
Climate -0.170*** -0.170** -0.118**
(-2.81) (-2.50) (-2.08)
Control variables Yes Yes Yes
Year Yes Yes Yes
Country Yes Yes Yes
N 1860 1860 1859
Prob>chi2 0.000 0.000 0.000
Panel B: Change the sample |
Excluding the COVID-19 | Excluding financial crises | Middle 90%
Climate -0.196*** -0.171** -0.167***
(-3.02) (-2.55) (-2.60)
Control variables Yes Yes Yes
Year Yes Yes Yes
Country Yes Yes Yes
N 1818 1633 1679
R-squared 0.473 0.465 0.489

Notes: *** p<0.01, ** p<0.05, and * p<0.1.

Finally, our sample period is 1995-2023, which includes years affected by major events such as the financial crisis
and the COVID-19 pandemic, which also affected women’s political empowerment (Mittal S and Singh T, 2020;
Ma, 2024). The World’s Women 2020: Trends and Data showed that during the lockdown of the COVID-19 pan-
demic, many women are trapped in unsafe conditions and are highly vulnerable to violence from intimate partners.
The financial crisis may cause large numbers of women to lose their jobs and may also affect women’s participa-
tion in civic organizations. To avoid regression bias, these periods have been removed. Column 1 of Panel B in
Table 5 removes 2020-2023, which are affected by the COVID-19 pandemic, and column 2 removes 2008, 2009,
and 2010, which are affected by the financial crisis. The coefficient remains negative in all columns and is signif-
icant at the 1% or 5% level, indicating that the negative impact is not due to anomalous effects in a particular year.
In addition, to mitigate the effects of outliers, all variables are winsorized at the 1st and 99th percentiles. Column
3 of Panel B in Table 5 presents a regression based on winsorized data, which indicates that there is a negative
relationship between climate vulnerability and women’s political empowerment.

4.3. Heterogeneity analysis

4.3.1. Different economic performances and political spectra

Following Wen et al. (2023), we divided the sample of countries into two groups based on income and run baseline
regressions for 80 high-income and 52 low-income countries over the period 1995-2023. Table 6 shows the results.
For high-income countries, the coefficient is significantly negative and for low-income countries, it is not signifi-
cant. Therefore, we conclude that the impact of climate change is closely related to economic development. The
possible reasons may be as follows. First, economic empowerment is a prerequisite for political empowerment. In
low-income countries, the lack of economic empowerment also leads to relatively low levels of women’s political
empowerment. Therefore, women’s political empowerment in low-income countries is less vulnerable to climate
change than in high-income countries. Second, low-income countries are less able to adapt to and mitigate the
effects of climate change (Cevik and Jalles, 2023).

Table 6. Heterogeneity results: Different economic performances and political spectra, source: authors’ own computation

@) ) ©) (4)
Variable High income Low income Left Right
Climate -0.216*** 0.019 -0.124 -0.278***
(-4.10) (0.12) (-1.32) (-2.86)
Control variables Yes Yes Yes Yes
Year Yes Yes Yes Yes
Country Yes Yes Yes Yes
N 1211 649 388 556
R-squared 0.467 0.516 0.410 0.589

Notes: *** p<0.01, ** p<0.05, and * p<0.1. Controls include control variables, control year, and country.
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Ideology is also an issue to consider. In general, right-wing parties tend to have fewer female candidates and more
traditional views on women (Caul, 1999; Rule, 1981). On the contrary, left-wing parties are more concerned about
women’s rights (Reynolds, 1999; Studlar, 1996) and defend egalitarian principles (Lambert and Scribner, 2009).
We used data from the DPI (2020) database for subsample regressions based on different ideologies. The results
are shown in Table 6, where columns 3 and 4 represent left-wing and right-wing parties, respectively. For right-
wing parties, the coefficient is -0.278, significant at the 1% level, but for left-wing parties, the effect is not signif-
icant. This indicates that left-wing parties are more concerned about the political empowerment of women in the
context of the risks posed by climate change. This is consistent with the traditional views of left-wing parties on
women’s political empowerment. When climate change occurs, women’s political empowerment is more affected
by climate risks in right-wing parties. This is in line with our findings.

4.3.2. Different geographical locations

Climate change is a global issue, but there are also significant regional differences in climate change. Asia has the
most complex climate patterns, ranging from polar to equatorial. The climate in South America is diverse, ranging
from tropical rainforest to temperate climates. Europe's climate type is mainly temperate, mild and less rainy.
Africa's climate is mainly tropical and dry. Women will be affected differently by climate change at different levels
of climate complexity. We ran baseline regressions by dividing 132 countries into six groups based on their con-
tinents: Asia (32 countries), Europe (35 countries), Africa (34 countries), North America (11 countries), South
America (16 countries), and Oceania (4 countries). The results are presented in Table 7. Due to the small number
of countries in North America and Oceania, they are not representative, so they are not considered a key consid-
eration here. For Asia, Europe and South America, the coefficients are all negative and significant. The Asian
coefficient is the largest and the European coefficient is the smallest. This suggests that when climate shocks occur,
the impact in Asia, Europe and South America is consistent with the complexity of climate types across the conti-
nents. Although the coefficient for Africa is also negative, the continent's relatively small climate differences,
combined with limited levels of economic development, do not have a significant negative impact on women's
political empowerment.

Table 7. Heterogeneity results: Different geographical locations, source: authors’ own computation

1) ) Q) (4) (5) (6)
Variable Asia Europe Africa North America | South America | Oceania
Climate -0.94*** -0.106** -0.018 -0.092 -0.311* -0.462

(-5.07) (-2.50) (-0.082) (-0.49) (-1.92) (-0.79)
Control variables Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Country Yes Yes Yes Yes Yes Yes
N 448 601 410 161 200 40
R-squared 0.403 0.619 0.556 0.829 0.662 0.955

Notes: *** p<0.01, ** p<0.05, and * p<0.1. Controls include control variables, control year, and country.

4.3.3. Different time periods

Between 1995 and 2023, the world environment has changed a lot, and people are paying more and more attention
to climate change and women's empowerment. In 2010, the UN General Assembly decided to establish UN-
Women to promote women's empowerment; in 2015, 178 countries signed the Paris Agreement, an agreement for
global action on climate change. Based on these two key points in time, we ran segmented regressions for three
time periods: 1995-2010, 1995-2015, and 1995-2023, respectively, to examine how the impact of climate change
on women's political empowerment changes over time. The results are presented in Table 8. The coefficients of
the three time periods are -0.352, -0.209, and -0.170, respectively, all of which are significant at the 1% level. This
shows that as people focus on climate change and women's empowerment, climate change has less and less impact
on women's political empowerment.

Table 8. Heterogeneity results: Different time periods, source: authors” own computation

1) ) ©)]
Variable 1995-2010 1995-2015 1995-2023
Climate -0.352%** -0.209*** -0.170%***
(-3.00) (-2.83) (-2.69)
Control variables Yes Yes Yes
Year Yes Yes Yes
Country Yes Yes Yes
N 907 1395 1860
R-squared 0.419 0.500 0.465

Notes: *** p<0.01, ** p<0.05, and * p<0.1. Controls include control variables, control year, and country.
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4.4, Test of the mediating and moderating effects

To analyze the mechanisms by which climate change affects women’s political empowerment, we introduce in-
come inequality as a mediating variable. Cevik and Jalles (2023) showed that increasing vulnerability to climate
change can lead to a worsening of income inequality. When climate change brings risks such as natural disasters,
the poor are more likely to suffer from loss of assets or income because they have fewer resources, and the wealth
gap will widen. In his research, Stockemer (2011) found that the growth of female representation is hampered by
income inequality. The growth rate of female representation in legislatures in countries with high income inequal-
ity is 20% lower than in countries with low income inequality over the last 50 years. Based on this, we use income
inequality to conduct an intermediate analysis. The Gini coefficient obtained from the Standardized World Income
Inequality Database (SWIID) was used to measure the level of income inequality. The results in Table 9 indicate
that there is a positive relationship between climate change and income inequality, and that income inequality has
a negative impact on women’s political empowerment. We came to similar conclusions with Cevik and Jalles
(2023) and Stockemer (2011).

The possible reasons could be as follows. First, income inequality amplifies the risk of instability, war, and violent
revolution (Nafziger and Auvinen, 2002), which may disproportionately affect women and undermine their repre-
sentation. Second, countries with economic inequality have the largest gender gaps in education and health (Gon-
zales et al., 2015). Third, women’s heavy involvement in domestic work and low-paying jobs deprives them of the
resources and capacity to pursue political careers as a group (Korpi et al., 2013). In a context of income inequality,
many women may lack the courage and perseverance to exercise their democratic rights, especially when it comes
to running as candidates (Stockemer, 2017). In conclusion, the results show that mediation occurs when some of
the effects of climate change on women’s political empowerment are induced by income inequality.

Table 9. Mechanisms effects, source: authors’ own computation

@) @) ©) (4) ©)]
Variable Inequality Gender Gender Gender Gender
Climate 0.597*** -0.066 -0.163** -0.117* -0.136**
(9.43) (-1.07) (-2.50) (-1.82) (-2.22)
Inequality -0.042*
(-1.73)
Climate*Efficiency 0.077***
(3.31)
Climate*Stability 0.060***
(3.56)
Climate*SD 0.094**
(2.16)
Efficiency 0.001
(0.15)
Stability 0.012***
(3.56)
SD 0.056***
(4.66)
Constant 5.160*** -2.385*** -2.297*** -2.498*** -1.663***
(19.42) (-8.45) (-8.67) (-9.61) (-5.92)
Control variables Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes
Country Yes Yes Yes Yes Yes
N 1653 1653 1780 1780 1756
R-squared 0.166 0.518 0.463 0.476 0.490

Notes: *** p<0.01, ** p<0.05, and * p<0.1. The results of control variables are not offered, but are available upon request.

Meanwhile, we introduced three new variables to test the potential moderating effects. First, we introduced a
variable called Government efficiency (hereafter, Efficiency). The empirical results in column 3 of Table 9 showed
that effective government mitigated the impact of climate change on women’s political empowerment. For exam-
ple, the United Nations Development Programme has conducted several SDG demonstration projects, mainly in
poor areas of developing countries. Most of these areas are in areas prone to natural disasters, and extreme events
such as rainstorms, floods and droughts brought about by climate change are frequent. Poverty is particularly
pronounced among women. With the pilot of Sustainable Development Goals demonstration projects, the local
government developed policies and actively implemented construction projects in water conservation, transporta-
tion, electricity, and cultural tourism. According to project data, the per capita income of poor areas has increased
significantly, and the political participation rate of women has also increased significantly. It can be seen that
government efficiency is an important mechanism for women's political empowerment through climate change.
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The possible reasons are as follows. First, when sudden climate shocks such as floods, storms, and other natural
disasters occur, effective governments tend to perform well (Ma et al.,2023). The loss of life and property caused
by climate shocks will be reduced, the impact on women will be reduced, and women’s political empowerment
will be protected accordingly. Second, government efficiency means that the government has a strong ability to
handle national affairs and may have formulated a series of measures, such as rational protection and utilization
of resources, infrastructure construction, law and regulation formulation, adaptive agriculture and agricultural
management, energy conservation and emission reduction. An effective government also means a stronger ability
to deal with climate change, which will have far less impact on women’s political empowerment.

In addition to government efficiency, we introduced the variable Stability to test whether political stability affects
the impact of climate change on women’s political empowerment. Higher values of this variable indicate greater
political stability and lower likelihood of political unrest and terrorism. The results shown in column 4 of Table 9
indicate that political stability slows down the impact of climate change on women’s political empowerment. Po-
litical stability as an important institutional variable, relevant research shows that there is a positive and significant
impact of institutional variables on women’s political rights (Nkoa et al., 2023). Ten (2014) showed that peace and
stability allowed the number of women politicians to increase. Drury and Peksen (2014) found that international
economic sanctions can have a significant impact on the stability of the targeted country, which may worsen
women’s political rights. We find similar results. When extreme weather events can cause social unrest, political
instability, and panic, a country’s political stability means that social and political order is good, regime change
remains dynamic, orderly, and continuous, there is no violence or terrorism, and women’s political representation
is less affected. We therefore believe that political stability slows down the impact of climate change on political
empowerment.

Finally, we introduced a variable called Sustainable Development (hereafter SD), which was obtained from the
Sustainable Development Index dataset (Hickel, 2020). SD is a powerful indicator of a country's ability to develop
sustainably. It is the ratio of a country's development index (including the three dimensions of education, life
expectancy, and income) to its ecological impact index (including the two dimensions of CO, emissions and ma-
terial footprint). A larger SD index means that a high level of social performance can be achieved with a low level
of ecological impact. The empirical results in column 5 of Table 9 show that a country's capacity for sustainable
development mitigates the impact of climate change on women's political empowerment. Sustainable development
goals include good health, quality education, and other goals. Women's health status directly affects their ability
to participate in political and social activities, and improving women's education levels helps them gain more rights
and opportunities in politics and society. As a country's capacity for sustainable development increases, so does
women's participation and influence in the economy, which helps increase their status and power in political deci-
sion-making. When climate shocks occur, a country's strong capacity for sustainable development can effectively
reduce the impact of climate change on women's political empowerment.

5. Conclusion and policy recomendations

In recent years, women’s political empowerment has been increasingly affected by climate change, but the mech-
anisms are unclear. We explore this impact from the social governance perspective, which fills the research gap
and has important practical value. First, we developed an empirical research model by using panel data of 132
countries from 1995 to 2023 as the initial data. The baseline regression shows that climate change has a negative
impact on women's political empowerment. Second, we conducted important robustness checks to ensure reliabil-
ity. These included the substitution of indicators, the addition of omitted variables, the substitution of the estimated
model, and the substitution of the study sample. All results were consistent with the baseline regression. Third, we
examined heterogeneity in this paper. We compared high-income and low-income countries and found that climate
change significantly affects women’s political empowerment in high-income countries. We compared the influ-
ence of different ideologies and found that climate change has a significant influence in right-wing governments.
We compared the effects across continents and found that the impact of climate change on women’s political
empowerment in Asia, Europe, and South America is significant, and the magnitude of the impact is consistent
with the complexity of climate patterns across continents. We also considered how things have changed over time,
and we found that as people put more emphasis on climate change, women’s empowerment, climate change has
less and less impact on women’s political empowerment. Fourth, we analyzed not only the direct influence of
climate change, but also the indirect influence of climate change. The results of the analysis show that income
inequality has magnified the impact of climate change on women’s political empowerment. The result of moder-
ation tests shows that government efficiency, political stability and sustainable development have a positive mod-
erating effect, they could mitigate the influence of climate change on women’s political empowerment.

According to the empirical result of this study, we suggest several policy implications. First, governments should
reduce income inequality between different groups, especially between genders, which can help mitigate the ef-
fects of climate change. We find that income inequality acts as an intermediary. Governments can prevent this
mechanism by reducing income inequality in the following ways. The first is to take measures to increase women’s
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participation in the labor market and strengthen vocational training for women. The second is to take measures to
strengthen men’s participation and responsibility in domestic affairs, change the traditional concept of gender,
reduce inequality in working hours caused by family responsibilities, and then reduce gender income inequality.
The third is to use redistribution tools and means to adjust household income inequality, narrow the income gap
between different classes, and reduce the Gini coefficient.

Second, in the sub-sample test, we provide policy recommendations for governments of different countries. For
high-income countries, climate change has a significant impact on women’s political empowerment. Women in
low-income countries have relatively low levels of political empowerment and are less vulnerable to climate
change. Low-income countries should improve women’s economic status and provide women with opportunities
for economic independence and development, such as providing low-interest or interest-free loans for women to
start their own businesses. More fundamentally, equal educational opportunities and social environments are crit-
ical. Improving the level of women’s economic empowerment is conducive to promoting a country’s economic
development, which in turn improves the level of political empowerment. Political empowerment can fully realize
women’s dominant role in climate adaptation and mitigation and promote sustainable development. In addition,
we recommend that the right-wing government continue to focus on the unique capabilities and perspectives of
women and promote their participation in the response to climate change.

Third, the government should improve the effectiveness of social governance, such as improving government
efficiency and maintaining political stability, enhance sustainable development capacity, which will help promote
women’s political empowerment. We find that government efficiency and sustainable development slows down
the impact of climate change on women’s political empowerment and has a positive moderating effect. Therefore,
the government should formulate and implement gender-responsive employment and education policies to pro-
mote women’s political empowerment. In addition, governments should actively participate in environmental gov-
ernance and promote green transformation to enhance sustainable development capacity and thus mitigate the
impact of climate change.
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Appendix
Table Al. Variable definitions and sources, source: authors’ own work
Variable Definition Source
Gender Women political empowerment index Variety of Democracy Dataset
Climate Climate vulnerability index ND-GAIN Dataset
GDP GDP growth (annual %) WDI
Education Government expenditure on education, total (% of WDI
GDP)
Employee Wage and salaried workers, female (% of female em- WDI
ployment)
Seat Proportion of seats held by women in national parlia- WDl
ments (%)
Urban Urban population (% of total population) WDI
Health Current health expenditure per capital WDI
Population Population, female WDI
Employer Employers, female (% of female employment) WDI
Gencs Women civil society participation index Variety of Democracy Dataset
Food One of the vulnerabilities of a country by considering ND-GAIN Dataset
life-supporting sectors
Habitat One of the vulnerabilities of a country by considering ND-GAIN Dataset
life-supporting sectors
Labor Labor force, female (% of total labor force) WDI
Population Growth Population growth (annual %) WDI
Goods Goods exports (BoP, current US $) WDI
Efficiency Government Effectiveness: Percentile Rank WGI
Stability Political Stability and Absence of Violence/Terrorism: | WGI
Percentile Rank
SD Development Index /Ecological Impact Index SD INDEX Dataset
Inequality Gini coefficient SWIID
Table A2: List of countries, source: authors” own work
Asia:
Azerbaijan Bahrain Bangladesh Cambodia China Cyprus
India Indonesia Iran Irag Israel Japan
Jordan Kazakhstan Kyrgyzstan Laos Lebanon Malaysia
Nepal Pakistan Philippines Singapore South Korea Sri Lanka
Syria Tajikistan Thailand Turkey United Arab Emirates Uzbekistan
Vietnam Yemen
Europe:
Albania Austria Belgium Bulgaria Belarus Switzerland
Czechia Germany Denmark Spain Estonia Finland
France United Kingdom Greece Hungary Ireland Iceland
Italy Lithuania Luxembourg Latvia Moldova Malta
Mongolia Netherlands Norway Poland Portugal Romania
Russia Serbia Slovenia Sweden Ukraine
Africa:
Angola Benin Botswana Cameroon Djibouti Algeria
Egypt Eritrea Ethiopia Gabon Ghana Guinea-Bissau
Equatorial Guinea Kenya Libya Morocco Madagascar Mozambique
Mauritania Mauritius Namibia Niger Nigeria Rwanda
Sudan Senegal Sierra Leone Eswatini Togo Tunisia
Tanzania South Africa Zambia Zimbabwe
North America:
Armenia Canada Costa Rica Cuba Dominican Republic | Georgia
Honduras Haiti Jamaica Mexico USA
South America:
Argentina Bolivia Brazil Chile Colombia Ecuador
Guatemala Guyana Nicaragua Panama Peru El Salvador
Suriname Trinidad and Tobago | Uruguay Venezuela
Oceania:
Australia | Fiji | New Zealand | Papua New Guinea |




