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Climate change poses a greater threat for more exposed and vulnerable 
countries, communities and social groups. People whose livelihood depends on 
the agriculture and food sector, especially in low- and middle-income countries 
(LMICs), face significant risk. In contexts with gendered roles in agri-food systems 
or where structural constraints to gender equality underlie unequal access to 
resources and services and constrain women’s agency, local climate hazards and 
stressors, such as droughts, floods, or shortened crop-growing seasons, tend to 
negatively affect women more than men and women’s adaptive capacities tend 
to be  more restrained than men’s. Transformation toward just and sustainable 
agri-food systems in the face of climate change will not only depend on reducing 
but also on averting aggravated gender inequality in agri-food systems. In this 
paper, we  developed and applied an accessible and versatile methodology to 
identify and map localities where climate change poses high risk especially for 
women in agri-food systems because of gendered exposure and vulnerability. 
We label these localities climate-agriculture-gender inequality hotspots. Applying 
our methodology to LMICs reveals that the countries at highest risk are majorly 
situated in Africa and Asia. Applying our methodology for agricultural activity-
specific hotspot subnational areas to four focus countries, Mali, Zambia, Pakistan 
and Bangladesh, for instance, identifies a cluster of districts in Dhaka and 
Mymensingh divisions in Bangladesh as a hotspot for rice. The relevance and 
urgency of identifying localities where climate change hits agri-food systems 
hardest and is likely to negatively affect population groups or sectors that are 
particularly vulnerable is increasingly acknowledged in the literature and, in the 
spirit of leaving no one behind, in climate and development policy arenas. Hotspot 
maps can guide the allocation of scarce resources to most-at-risk populations. 
The climate-agriculture-gender inequality hotspot maps show where women 
involved in agri-food systems are at high climate risk while signaling that reducing 
this risk requires addressing the structural barriers to gender equality.
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1. Introduction

Climate change can undermine global efforts to transform food 
systems such that they enable the provision of affordable and 
nutritious food for all in environmentally sustainable ways. Agri-food 
systems—including cropping, livestock, forestry, fishery and 
aquaculture sectors—face direct stress from climate change through 
increases in temperature, variation in precipitation patterns and 
weather anomalies, and the intensified frequency of extreme weather 
events. Agricultural production is projected to experience reduced 
crop suitability and yields, crop failure, pest and disease outbreaks 
(IPCC, 2019). Livestock production and pastoralism is projected to 
experience lower pasture and animal productivity, damaged 
reproductive function, and biodiversity loss (McGahey et al., 2014; 
IPCC, 2019). Globally, over one billion people rely on agri-food 
systems to sustain their livelihoods. Climate change affects everyone 
engaged in agri-food systems. Smallholder farmers in low- and 
middle-income countries (LMICs) who mainly depend on agriculture 
for food, incomes and livelihoods are at particular risk, especially 
those in tropical and subtropical regions where climate change is 
pronounced and acute (De Souza et al., 2015; Amjath-Babu et al., 
2019; Schipper et al., 2022).

Climate change also compromises gender equality. Women 
comprise up to 48 percent of the rural agricultural labor force in 
low-income countries [Food and Agriculture Organization of the 
United Nations (FAO), 2020] and over 55 percent in parts of South 
Asia and Africa [United Nations Women (UN Women), 2020]. They 
play a crucial role in agri-food systems as agents of food and 
nutritional security, smallholder farmers and livestock keepers, as well 
as managers of natural resources (Allen et al., 2018; Njuki et al., 2022). 
Women also make substantial contributions to climate change 
adaptation practices such as crop diversification, water harvesting, 
small-scale irrigation, improved livestock feeding and improved grain 
storage (Kristjanson et al., 2017; Bryan et al., 2021). Yet, evidence 
shows that, in many cases, women in agri-food systems in LMICs face 
higher climate risk than men. In various contexts, prevailing gender 
norms and associated dynamics at work in agri-food systems underlie 
gender differentiated climate change impact and resilience at the 
disadvantage of women (Bryan et al., 2023).

Climate-related hazards affecting agri-food systems and gender-
differentiated exposure and vulnerabilities do not exist discretely. 
They often overlap and interact with each other in complex ways 
specific to the local context and conditions. Understanding these 
locally specific interactions is essential to inform actions aiming to 
effectively improve the coping and adaptation mechanisms of those 
who are most at risk, which are often women, as well as empower 
them (Chanana-Nag and Aggarwal, 2018). This is important for the 
intrinsic value of gender equality and women’s empowerment. It can 
also unlock gender agency and enable women as agents of change for 
climate sustainability outcomes and climate resilience in agri-
food systems.

Prior evidence of hotspot mapping bringing together climate risk 
and gender include Khatri-Chhetri et al. (2017) who identify potential 
labor saving climate-smart agriculture technology for women farmers 
in high climate risk localities. Chanana-Nag and Aggarwal (2018) 
provide a methodology to identify women in agriculture and climate 
risk hotspots to better target climate change adaptation interventions. 
Rao et al. (2019b) explore the relationship between women’s agency 

and adaptation responses in different localities that have been 
identified as climate hotspots.

The main objective of this paper is to provide a viable, robust, 
efficient, and parsimonious methodology to combine different data 
types and sources to obtain a reliable estimate of the spatial 
distribution of the gender-related risk through the convergence of 
hazard and gender-differentiated exposure and vulnerability of 
agricultural involvement in relation to climate change. Our 
methodology draws on insights from different disciplines – climate 
change research and research on gender in agri-food systems – to 
identify and map localities where climate change poses high risk 
especially for women in agri-food systems because of gendered 
exposure and vulnerability. We  label these localities climate-
agriculture-gender inequality hotspots. To ensure the accessibility and 
versatility of the methodology, we  use publicly accessible, cross-
country comparable, (sub-)nationally representative secondary data 
and user-friendly data analysis and mapping methods.

Fostering an enabling environment for gender equality in the face 
of climate change does not stop with the identification of climate-
agriculture-gender inequality hotspots. As a way of informing policy 
or interventions supporting women’s adaptive and resilience capacities 
and climate action targeted at localities where women are at high 
climate risk, next steps can include, but are not limited to: (i) a 
validation of the locality as a hotspot using secondary case study 
evidence (see Section 4.2); (ii) an analysis of the main contributing 
components – hazards, exposure, vulnerability – based on the data 
used for identifying hotspots; (iii) in-depth case studies in hotspot 
localities of the way agri-food system outcomes, climate resilience 
capacities and gender inequalities intersect, as well as the prevalent 
policies; and (iv) pilot studies testing the potential of interventions or 
policy to support gender equality in adaptive and resilience capacities 
and climate action in hotspot localities. As part of a wider research 
project, in-depth case studies and pilot testing of interventions have 
been conducted in sub-national hotspot areas in Zambia 
and Bangladesh.

The paper is structured as follows: We start with developing a 
methodological framework, after which we explain the methodology 
for identifying and mapping climate–agriculture–gender inequality 
hotspot countries and subnational areas. We proceed with the results 
of applying our methodology and their interpretation, followed by a 
discussion and conclusion.

2. A methodological framework for 
identifying hotspots where women in 
agri-food systems are at highest 
climate risk

The framework of risk proposed by the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change (IPCC) (2014)1 
forms the basis of the methodological framework for the 

1 In contrast to the IPCC 2007 vulnerability framework, the IPCC 2014 risk 

framework conceptualizes vulnerability as an internal property of a system 

delinked from exposure to hazards (Sharma and Ravindranath, 2019).
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climate–agriculture–gender inequality hotspots as defined in this 
paper (see Box 1).

A gender perspective on climate change affecting agri-food 
systems is important for two reasons. Recent conceptual frameworks 
linking climate change, gender and agri-food systems lay out that, on 
the one hand, climate related hazards affect women and men involved 
in agri-food systems differently (Kristjanson et al., 2017; Theis et al., 
2019). Part of the differential impacts on men and women can 
be directly linked to differences in exposure to climate hazards (Bryan 
et al., 2023). On the other hand, women and men experience different 
vulnerability. There are gender differences in sensitivity to harm 
caused by climate related hazards (Bryan et al., 2023). Indirectly, the 
institutional context (i.e., the formal and informal ‘rules of the game’ 
governing human interaction) and actions taken to address negative 
effects can be at the source of differential sensitivity to harm and 
impacts on men and women. In many cases, women and men also 
have different capacities to cope with and adapt to climate change to 
keep producing adequate food and earning a living (Bryan et  al., 
2023). Coping and adaptive capacities are influenced by user 
characteristics and access to information and technology, which tend 
to differ between men and women. The biophysical and institutional 
context can influence adaptive capacities; but often in different ways 
for women and men (Kristjanson et al., 2017). Gender differences in 
adaptive capacities are also strongly tied to a gendered decision-
making context and people’s ability to negotiate a response option to 
climate change (Theis et al., 2019).

To refine the methodological framework for identifying hotspots 
where women in agri-food systems are at high climate risk, we build 
on evidence of gendered exposure and vulnerability to climate 
hazards. We proceed with presenting this evidence.

2.1. Evidence of gendered exposure to 
climate related hazards

While many people in LMICs face significant climate risks 
because of their dependency on an exposed agricultural sector (or 
stage of a value chain), climate-related hazards are locally specific 
and are experienced differently by social groups differentiated by 
gender, age, ethnicity, wealth, class and/or disability (Nelson et al., 
2002; Vincent and Cull, 2014). In many contexts, gender is an 
important determinant of exposure to climate related hazards 
affecting agri-food systems Neumayer and Plümper (2007) 
demonstrated that natural disasters—including climate hazards, 
such as droughts, extreme temperatures, floods, and windstorms—
lower women’s life expectancy partly in a direct way by killing more 
women than men. Erman et al. (2021) refer to evidence of higher 
disaster-related mortality rates among men than among women 
which are linked to gender differential exposure for instance 
because of higher male involvement in search and rescue during 
disasters or in outdoor occupations such as construction or forestry. 
Socio-economic status and location are other important 
determinants of exposure. Informal settlements housing poor urban 
populations, like in Kenya or Bangladesh for instance, tend to 
be located near rivers, flood plains or in valleys which exposes these 
populations to floods (Hossain et al., 2012; Otieno, 2016). Poorer 
segments of the rural population tend to occupy more marginalized 
lands and areas more prone to natural disasters, which is the case 

in coastal areas of Bangladesh that are hard hit by climate hazards 
(Hossain et al., 2012).

Exposure of agri-food systems to climate change in LMICs affects 
women because of their significant involvement in the sector. In 
low-income countries, women are estimated to comprise up to 48 
percent of the rural agricultural labor force [Food and Agriculture 
Organization of the United Nations (FAO), 2020]; over 55 percent in 
some parts of South Asia and Africa [United Nations Women (UN 
Women), 2020]. Agricultural households in LMICs often depend 
highly on women’s labor in subsistence or cash-crop production or for 
other agricultural activities—as producers, wage workers, and 
providers of (unpaid) family labor (Nelson et al., 2002; Eastin, 2018). 
At the same time, in many cases, women carry out most of the 
care work.

Besides, the socioeconomic context and cultural norms influence 
gendered preferences for cultivating certain crops and the adoption of 
management practices. Evidence from sub-Saharan Africa shows that 
some crops are disproportionately grown by men or by women and 
that women are more likely to grow crops with less complicated 
production techniques (Doss, 2002; de Brauw, 2015). This can 
be  another reason for gender-differentiated exposure to 
climate hazards.

2.2. Evidence of gendered sensitivity to 
harm

In many contexts, gender is an important determinant of 
sensitivity to harm caused by hazards. For instance, women and girls 
are found to be more likely than men to go hungry following natural 
disasters linked to climate change (FAO, 2017; Oxfam, 2019). In India, 
for example, twice the number of women than men reported eating 
less in response to a drought (Lambrou and Nelson, 2010). Neumayer 
and Plümper (2007) argue that part of the reasons why women are 
more likely to be killed by natural disasters is a higher sensitivity to 
harm because of a lower socioeconomic status, limited access to 
warning information and shelter and restrained agency for making 
decisions about a hazard event.

BOX 1 Definitions of risk, hazards, exposure and vulnerability in 
relation to climate change.

Risk is defined as the potential for adverse consequences for human or ecological 

systems. Risk can “arise from potential impacts of climate change as well as 

human responses to climate change” (IPCC, 2020). Risk in relation to climate 

change results from the dynamic interaction between climate-related hazards, 

exposure and vulnerability of the affected human or ecological system to the 

hazards (IPCC, 2014).

Hazards refer to factors indicating the current or future hazards induced by 

climate change that a system may experience (IPCC, 2014; Malakar et al., 2021).

Exposure consists of factors indicating the presence of people, livelihoods, 

ecosystems or any kind of asset which may be affected by the hazard (Malakar 

et al., 2021).

Vulnerability, or the predisposition to be  adversely affected, is driven by a 

combination of sensitivity to harm caused by hazards and a lack of capacity to 

cope and adapt (Sharma and Ravindranath, 2019).
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Climate hazards can negatively impact people’s assets which are 
critical for their livelihood as well as their resilience in gender 
differentiated ways. For instance, drought in Uganda, where women 
are highly involved in agriculture, had an important negative impact 
on women’s assets, particularly their non-land assets (Quisumbing 
et  al., 2018). In Bangladesh, women reported losing household 
resources, farm-equipment and various other assets in the aftermath 
of a cyclone (Alam and Rahman, 2014). In pastoral communities like 
the Samburu in Kenya, for instance, gender roles assign livestock and 
livestock management to men and homestead development and 
farming to women (Ongoro and Ogara, 2012). When livestock drowns 
due to floods this mainly affects men. Floods affect women by 
destroying their homesteads and gardens.

There is also evidence of more indirect gendered sensitivity to 
harm. For instance, in the aftermath of a natural hazard, healthcare 
services are impaired, which, like in the case of Pakistan, exacerbated 
a situation of limited health care for women [United Nations 
Population Fund (UNFPA), 2011]. There is also evidence of a 
significant rise in cases of human trafficking, sexual slavery and 
gender-based violence in the aftermaths of a climate hazard (Cameron 
et al., 2021).

2.3. Evidence of gendered capacities to 
cope with and adapt to climate related 
hazards

Both women and men in LMICs face significant climate risks. Yet, 
women’s relative economic, social, cultural and political 
marginalization, their lower access to productive resources, 
technology, markets, finance and information and prevailing 
discriminatory sociocultural norms and gender roles cumulatively put 
women in a disadvantaged position in coping with and adapting to 
climate hazards (Perez et al., 2015; Huyer, 2016; Chanana-Nag and 
Aggarwal, 2018; IPCC, 2019).

Various socio-economic and cultural factors limit women’s ability 
to cope with and adapt to climate related hazards (Huyer, 2016; 
Chanana-Nag and Aggarwal, 2018). Formal policy can influence 
coping and adaptive capacities (Kristjanson et al., 2017). For example, 
a study by Paudyal et al. (2019) shows that only two of twenty policy 
documents on climate change in Nepal deal with integration of gender 
and climate change impacts, which risks exacerbating existing gender 
inequalities. Discriminatory social institutions, including, for instance, 
formal inheritance laws or informal customary rules disadvantaging 
women in land rights set barriers to women’s equal access to resources. 
Such institutions, as well as discriminatory social norms and gender 
roles, further restrict women’s agency and their ability to make 
decisions —both at household and community levels (Yadav and Lal, 
2018; Evertsen and van der Geest, 2020; Aita and Ahmed, 2022).

Access, ownership and control over financial and productive 
resources, including land, are important for women farmers’ capacities 
to cope with and adapt to climate change and shocks affecting agri-
food systems. However, there is ample evidence that women have 
fewer and lower-value assets, less access to capital and (paid and 
unpaid family) labor, limited land ownership and fewer agricultural 
inputs (Nchu et al., 2019; Anugwa et al., 2020; Diouf et al., 2020). 
There is also evidence that women tend to be more dependent on 
natural resources as compared to men as they have limited options for 
livelihood diversification (Osman-Elasha, 2012).

Even where women have access to resources, they may not have 
the agency to use and control the resources they need to adapt to 
climate change impacts (Akter et al., 2016; Acosta et al., 2019; Duffy 
et al., 2021). In Bangladesh, for instance, women are less likely to 
diversify into viable livelihood options in the face of climate shocks 
due to restrictive social norms, lack of education, and limited access 
to productive resources (Rabbani et al., 2015).

Women’s often more restricted access to information results in 
lower awareness and knowledge of climate risk, making women less 
prepared than men (Partey et al., 2018; Gumucio et al., 2020). It also 
limits their ability to adopt strategies to cope with or adapt to climate 
related hazards (Bernier et al., 2015; Bryan et al., 2021). In Burundi, 
for example, men were found to adopt technical innovations, such as 
disease management practices for banana crops, faster than women 
because they have more access to information and farmer learning 
groups (Iradukunda et al., 2019). In Uganda, Ghana and Bangladesh, 
Jost et al. (2016) found that women use fewer climate sustainable 
agricultural practices than men because of limited access to 
information and extension services, resource constraints and 
sociocultural norms and practices that restrict women’s participation 
in training programs.

In many contexts, social norms tend to limit particularly women’s 
ability to participate in group activities, move freely, and use specific 
technologies or practices—reducing their capacity to respond to 
climate-related stresses (Bryan et al., 2017). In parts of Africa, even if 
they are member of community groups, women are often unable to 
benefit to the same extent as men due sociocultural factors 
determining who owns land, who is head of a household, who has 
domestic responsibilities (Ngigi et al., 2017; Acosta et al., 2019; Tsige 
et al., 2020).

Furthermore, climate-related changes in cropping patterns and 
livestock production have been observed to affect the gendered 
division of labor and increase the farm, household and care workload 
of women (Eastin, 2018; Rao et al., 2019a). Outmigration, a climate 
change adaptation strategy adopted especially by men, tends to 
be associated with increased labor responsibilities for women but not 
necessarily with improved access to finance, social networks or 
knowledge (Rao et al., 2020). Faced with male outmigration, poor 
women in South Africa have been observed to adopt diversification 
strategies and take on extra workloads (Babugura, 2020). In India, 
women in poverty and women belonging to the lower castes or ethnic 
minorities have been found to face both increased work burdens and 
loss of social and economic support due to climate change (Rao and 
Mitra, 2013).

In many contexts, capacities to cope with and adapt to climate 
related hazards also differ by intersecting social differences related to, 
among others, age, education, marital status, wealth, class, caste or 
ethnicity (Fisher and Carr, 2015; Djoudi et al., 2016; Van Aelst and 
Holvoet, 2016; Acosta et al., 2021; Nhat Lam Duyen et al., 2021). 
Overlooking such differences linked to intersectional identities risks 
ill-adapted support and policy or, worse, exacerbating inequalities and 
vulnerabilities (Lau et al., 2021).

2.4. A climate risk framework with a gender 
perspective

As a methodological framework, we  adopt a climate risk 
framework with a gender perspective that builds on (i) the IPCC risk 
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framework (2014); (ii) the conceptual frameworks linking climate 
change, gender and agri-food systems discussed in Kristjanson et al. 
(2017), Theis et al. (2019) and Bryan et al. (2023); and (iii) the evidence 
of gendered exposure and vulnerability we  reviewed here. The 
framework is visualized in Figure 1.

Climate-related hazards, as natural and weather phenomena, are 
not gendered, but exposure and vulnerability are. Women and men in 
agrifood systems tend to be differentially exposed to climate hazards 
because of differences in labor involvement in agrifood systems. 
Differences between women and men in agrifood systems in 
sensitivity to harm caused by climate related hazards as well as in 
capacities to cope with and adapt to climate change are influenced by: 
(i) gendered access to land, assets, other resources, information, and 
technology; (ii) gendered division of labor; (iii) gender differences in 
livelihood diversification; (iv) gendered social institutions including 
formal laws and regulations as well as social norms and gender roles; 
(v) gender differences in decision making power. If prevailing gender 
inequalities particularly disadvantage women, they tend to face high 
sensitivity to harm and limited adaptive and resilience capacities.

We define climate–agriculture–gender inequality hotspots as 
geographic areas where climate change poses high risk to agri-food 
systems and has gendered implications, affecting especially to women, 
because these systems concurrently experience: (i) high levels of 
climate hazards (potentially) affecting agri-food systems, agricultural 
and/or livestock production in particular; (ii) high exposure 
experienced by women because of their labor involvement in agri-
food systems; and (iii) high levels of vulnerability faced especially by 
women because of prevailing gender inequalities that cause high 
sensitivity to harm and limited adaptive and resilience capacities of 
women in these agri-food systems.

3. Materials and methods

The methodology for identifying and mapping climate–
agriculture–gender inequality hotspots takes a two-step approach. 
We  first identify climate–agriculture–gender inequality hotspot 
LMICs and, subsequently, climate–agriculture–gender inequality 

FIGURE 1

Climate–agriculture–gender inequality hotspot where climate hazards, high exposure and high vulnerability converge for women in agri-food systems.
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hotspot subnational areas in a selection of four hotspot LMICs. The 
method for identifying hotspot LMICs and subnational hotspot areas 
in selected hotspot countries follow the same framework and 
procedures, but, due to data limitations, partly differ in the data and 
extent of detail in the data used for measuring the components that 
define climate–agriculture–gender inequality hotspots. We  use 
publicly accessible large socioeconomic datasets with geospatial 
information representative at country level for identifying hotspot 
LMICs and representative at the first level of administrative division 
for subnational hotspot areas.

In what follows, we discuss the methodological framework, the 
indicators and methods for defining, ranking and mapping climate–
agriculture–gender inequality hotspot countries and subnational areas.

3.1. Indicator of climate hazards

Table 1 includes an overview of the indicators of climate hazards 
(Section 3.2), exposure (Section 3.3), and vulnerability due to gender 
inequalities (Section 3.4) used for defining climate–agriculture–
gender inequality hotspots at national and subnational levels. Values 
of the national level indicators per LMIC are included in Appendix A, 
values of the subnational level (sub-)indicators in the 
Supplementary materials.

For the purposes of this paper, hazards are based on the 
predominant ‘Climate Hazard Types’ data developed by the CGIAR 
Research Program on Climate Change, Agriculture and Food 
Security (CCAFS). This comprises five types of climate hazards 
relevant to changes in crop suitability including drought, flood, 
climate variability, crop growing-season reductions, and high 
growing-season temperatures (under warming scenario RCP 8.5 or 
‘business as usual’ by the year 2050), as well as their combinations 
(Jarvis et al., 2021).2

For the indicator of climate hazards, we use the share of rural 
population facing any of the five types of climate hazards or their 
combinations to approximate the climate impacts on agrifood systems, 

2 The types include current and future climate hazards. For current hazards, 

high-risk drought areas include grid cells in the top two deciles (most risky) of 

relative drought risk of the data set of (Dilley et al., 2005, as cited in Jarvis et al., 

2021). Similarly, high-risk flooding areas include grid cells in the top two deciles 

(most risky) of relative flood risk. Areas with climate variability are those where 

the coefficient of variation of annual rainfall is currently greater than the median 

value for the global tropics (24 percent) (with current variability used as a proxy 

for future variability).

Future climate hazards include measures of crop growing-season reductions, and 

high growing-season temperatures. These rely on downscaled climate projections 

from 17 CMIP5 global climate models using the methods by (Jones and Thornton, 

2009, 2013, 2015, as cited in Jarvis et al., 2021) and climatologies for the 2050s 

as projected in response to RCP 8.5. Crop growing-season reductions are defined 

as hazard if the reduction in the number of reliable crop growing days per year 

(mostly due to changes in rainfall distributions and amounts) is below the critical 

threshold of 90 days (Jarvis et al., 2021). High growing-season temperatures are 

defined as hazard if the average maximum daily temperature during the primary 

growing season moves above the critical threshold for several major crops of 

30°C by the 2050s (Jarvis et al., 2021).

assuming their livelihoods mainly depend on agriculture and/or 
livestock production activities. To estimate the rural population facing 
climatic hazards across LMICs, the gridded population headcount and 
the extent of urban and rural areas with the geospatial data layer of 
CCAFS Climate Hazard Types have been overlaid at 10 kilometers 
grids resolution (Tatem, 2017; EC-JRC, 2019). We  generate this 
indicator of climate hazards at the country level, as well as at the first 
level of subnational administrative boundaries.

3.2. Indicators of exposure

Exposure to climate hazards and stressors affecting agri-food 
systems faced by women is proxied by the extent to which women, as 
compared to men, are involved in crop and/or livestock farming. 
Given the presence of contextual gender patterns in crop and 
commodity choices and responsibilities (Doss, 2002; de Brauw, 2015), 
it is assumed that exposure to climate hazards affecting agri-food 
systems particularly concerns women where they are heavily involved 
in agriculture and/or livestock production by providing a relatively 
large share of labor.3

At the national level, exposure of agri-food systems faced by 
women is measured by women’s relative participation in agricultural 
employment—that is, the share of female agricultural workers out of 
the total agricultural workers.

To measure exposure at the subnational level (first level of 
administrative division), we  construct composite indices for six 
agricultural activities from three sub-indicators of exposure faced by 
women. These sub-indicators (i) the relative importance in the local 
economy of each of the six agricultural activities measured by overall 
labor participation in the particular activity, regardless of gender; (ii) 
the agricultural activity-specific women’s share of labor participation4; 
and (iii) the agricultural activity-specific share of hours worked by 
women (relative to men) capturing effort intensity.5 The six agricultural 

3 Labor participation rates in agriculture and/or livestock by women that are 

around 50 percent or lower can appropriately indicate climate-food-gender 

inequality hotspot risk since we are calculating relative risk, comparing countries 

or subnational areas with one another.

Besides, even if labor participation rates in agriculture and/or livestock by 

women is around 50 percent or lower, it needs to be recognized that women 

often perform agricultural activities simultaneously with care work, which tends 

to remain unaccounted for. Hence, while a quantitative 50 percent rate implies 

equal probability to be  involved in agriculture as men, women’s working 

conditions are sometimes qualitatively worse (i.e., for both physical and socio-

emotional conditions such as for mental load).

The norms putting a heavier care work burden on women can differ by context 

and are part of the structural gender inequalities that underly vulnerability.

4 This indicator is calculated by dividing women’s labor participation in the 

particular activity by the sum of women’s and men’s labor participation in that 

activity (expressed as a percentage).

5 This indicator is calculated by dividing women’s share of hours worked in 

the particular activity by the sum of women’s and men’s hours worked in that 

activity.
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activities include6: (i) cereals, leguminous crops and oilseeds; (ii) rice; 
(iii) vegetables, melons, roots and tubers; (iv) perennial crops; (v) 
livestock; and (vi) mixed farming.7

Data for these indicators (national and sub-national first 
administrative level) are obtained from the latest nationally 

6 The agricultural activities are grouped into six crop/categories (cereals, 

leguminous crops and oilseeds; rice; vegetables, melons, roots and tubers; 

perennial crops; livestock; and mixed farming) according to the lowest common 

information available on crop-level involvement across the LFS used through 

the International Standard Industrial Classification (ISIC) code of economic 

activity. The ISIC classifies employed individuals according to their economic 

activity, but while it extends beyond primary food production activities, 

encompassing both upstream and downstream sectors of the agri-food system, 

the four LFS analyzed in this study only allowed to capture participation in 

food production and processing activities.

7 Correlation among all exposure indicators was analyzed to check 

complementarity in specific agricultural activities.

representative Labor Force Survey (LFS) datasets retrieved from the 
World Development Indicators database (The World Bank, 2021).

We use a Principal Component Analysis (PCA)-based method 
described in Filmer and Pritchett (2001) to construct the composite 
indices based on the three (standardized) sub-indicators capturing 
agricultural-activity specific exposure.8

8 PCA is a statistical technique for data reduction. It reduces the number of 

variables without imposing arbitrary weights. It constructs a series of 

uncorrelated linear combinations of the sub-indicators that contain the largest 

share of the variance (principal components), i.e., explain the greatest share 

of the variation. If these components would be correlated, PCA gives them 

lower weight as they do not add much information in explaining the variance 

of the linear combinations chosen, so that the correlation brought by these 

variables will be added only if their signal is greater than the noise. As PCA 

standardizes variables in different metrics, it allows combining the sub-indicators 

which are expressed in different metrics in an ordinal index.

TABLE 1 Indicators of hazard, exposure and vulnerability used to define climate–agriculture–gender inequality hotspots at national and subnational 
levels.

Factors of 
risk

Indicators for identification of 
climate–agriculture–gender 
inequality hotspot countries

Indicators for identification of climate–agriculture–gender inequality 
subnational hotspot areas (First administrative division)

Climate hazards Share of rural population under projected 

climate risks aggregated at the country level 

(Tatem, 2017; EC-JRC, 2019; Jarvis et al., 

2021)

Share of rural population under projected climate risks aggregated at the subnational-level (First 

administrative division) (Tatem, 2017; EC-JRC, 2019; Jarvis et al., 2021)

Exposure Gender participation in agriculture: Share of 

women employed in agriculture (national 

figure) [Labor Force Surveys (LFS)]

Composite index of gender participation in agriculture constructed from the following sub-indicators 

aggregated at the first administrative division:

 - Six agricultural activity-specific indicators of the relative importance (in terms of labor participation) 

of each agricultural activity aggregated at the first administrative division (LFS)

 - Six agricultural activity-specific indicators on the female share in labor participation in each 

agricultural activity aggregated at the first administrative division (LFS)

 - Six agricultural activity-specific indicators on the share of hours worked by women (relative to men) 

in each agricultural activity aggregated at the first administrative division (LFS)

(The six agricultural activities include: (i) cereals, leguminous crops and oilseeds; (ii) rice; (iii) 

vegetables, melons, roots and tubers; (iv) perennial crops; (v) livestock; and (vi) mixed farming)

Vulnerability due 

to gender 

inequalities

Social Institutions and Gender Index 2014 

(OECD, 2014) which captures five 

dimensions of discriminatory social 

institutions that drive gender inequalities in 

social and economic outcomes, including:

 - discriminatory family code

 - restricted civil liberties

 - restricted resources and assets

 - restricted physical integrity

 - - son bias

Composite index constructed from the following sub-indicators aggregated at the first administrative 

division:

 - Subnational Gender Development Index for the year 2019, which captures women’s versus men’s -human 

development in the domains of education, health and standard of living (Global Data Lab, 2020)

 - Prevalence of child marriage (i.e., percentage of girls aged 15–19 years ever married, divorced, 

widowed or in an informal union)

(Calculated from the 2018 LFS of Mali, Pakistan and Zambia and the 2013 LFS of Bangladesh)

 - Prevalence of gender-based violence (i.e., percentage of ever-partnered women who ever suffered 

intimate partner physical and/or sexual violence and/or women aged 15–49 who ever experienced 

physical/domestic violence since age 15 in their lifetime)

(Calculated from the 2018 Demographic and Health Survey (DHS) for Mali, Pakistan and Zambia and 

the 2015 Bangladesh Integrated Household Survey)

 - Missing women (son bias) (i.e., ratio male children per female children among 0–4 years old)

(Calculated from 2010 Census for Zambia; 2009 Census for Mali, 2011 Census for Bangladesh, and 

2017 Census for Pakistan)
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3.3. Indicators of vulnerability due to 
gender inequalities

Vulnerability of agri-food systems faced particularly by women 
follows from prevailing gender inequalities and structural constraints 
to gender equality. These make the propensity of adverse effects of 
climate hazards higher for women by increasing the sensitivity to 
harm caused by hazards and limiting women’s capacity to cope with 
and adapt to climate hazards and stressors.

At the national level, vulnerability faced by women in agri-food 
systems due to gender inequalities is proxied by the Social 
Institutions and Gender Index (SIGI) 2014, which “measures 
gender-based discrimination in social institutions − social norms, 
practices and laws” at formal and informal systemic levels, and 
“takes stock of the underlying structural barriers that deny women’s 
rights and their access to justice, resources and empowerment 
opportunities” (OECD, 2014, p.  1). It distinguishes five broad 
dimensions of discriminatory social institutions that restrict 
women’s access to opportunities, resources and power including 
discriminatory family code, restricted physical integrity, son bias, 
restricted resources and assets, and restricted civil liberties (OECD, 
2014). The higher the value of the SIGI the more discriminatory 
vis-a-vis women.9 With SIGI 2014 as a proxy, we  capture the 
structural gender inequalities that are at the basis of high sensitivity 
to harm and limited coping and adaptive capacities of women in 
agri-food systems.10

As a subnational level SIGI 2014 is not available, we construct 
a composite index of a set of four sub-indicators measured at the 
subnational level (first level of administrative division) to capture 
vulnerability faced by women in agri-food systems due to gender 
inequalities. This composite index includes (i) the Subnational 
Gender Development Index (SGDI) 2019 and components of the 

To construct the composite indices capturing agricultural-activity specific 

exposure, we first ran PCA using the STATA command ‘pca’ including the three 

sub-indicators: (i) the relative importance of the agricultural activity in the local 

economy measured by overall labor participation in the particular activity, 

regardless of gender; (ii) the agricultural activity-specific women’s share of 

labor participation; and (iii) the agricultural activity-specific share of hours 

worked by women (relative to men). Subsequently, we ran the command 

‘predict’ (which predicts based on the first principal component if the principal 

component is not specified). Following the PCA-based method of Filmer and 

Pritchett (2001), the composite index values of agricultural-activity specific 

exposure are then calculated for each subnational area using the estimated 

coefficients of the first principal component as weights. This results in six 

agricultural-activity specific composite index values of exposure for each 

subnational area.

PCA is used for constructing composite indices in multiple studies (e.g., Filmer 

and Pritchett, 2001; Vyas and Kumaranayake, 2006; Mazziotta and Pareto, 

2019). PCA has its advantages and disadvantages, We refer to Mazziotta and 

Pareto (2019) for a detailed discussion and test.

9 See https://www.genderindex.org/building/ for details on the SIGI 2014 

methodology.

10 We opted for SIGI 2014 rather than SIGI 2019 because it has fewer missing 

data points.

SIGI 2014 that can be proxied using (the latest available) publicly 
accessible data including (ii) prevalence of child marriage; (iii) 
prevalence of gender-based violence; and (iv) missing women 
(son bias).11

The first sub-indicator, SGDI, is an indicator of the relative human 
development achievements in three basic dimensions of human 
development, including education, health and standard of living, of 
women as compared to men (Global Data Lab, 2019).12 In the spirit of 
its origins in the capability approach, we use SGDI as an indicator of 
women’s versus men’s capabilities for a long and healthy life (health), 
access to knowledge (education), and a decent standard of living 
(income). The data for the selected four focus hotspot countries—
namely Mali, Zambia, Pakistan and Bangladesh (see Section 4)—are 
extracted from the SGDI Database of the Global Data Lab for the year 
2019 (Global Data Lab, 2020).

The second sub-indicator is the prevalence of child marriage 
among girls aged 15–19 years reflecting the SIGI 2014 dimension of 
discriminatory family code. It is based on the 2018 LFS for Mali, 
Zambia and Pakistan; and the 2013 LFS for Bangladesh.13

The third sub-indicator is the prevalence of gender-based violence 
experienced by women aged 15–49 years over their lifetime reflecting 
the dimension of restricted physical integrity. It is based on data from 
the 2018 Demographic and Health Surveys for Mali, Zambia, and 
Pakistan, and the 2015 Bangladesh Integrated Household Survey.14

The fourth sub-indicator is the ratio of male children to female 
children between zero and four years old reflecting the dimension of 
missing women (son bias). National Census data are used to construct 
this indicator [2010 for Zambia, 2009 for Mali, 2011 for Bangladesh, 
and 2017 for Pakistan, retrieved through the Integrated Public Use 
Microdata Series (IPUMS), 2020; Minnesota Population Center, 2020].

We similarly use the PCA-based method by Filmer and Pritchett 
(2001) to construct a composite index based on the four sub-indicators 
capturing vulnerability faced by women in agri-food systems due to 
gender inequalities.

11 Components of the SIGI 2014 that are not captured in our subnational 

level proxy sub-indicators include formal laws, informal laws, social norms, 

and restricted assets (including land). While, to some extent, these may vary 

by subnational area within a country, such data, representative at the first level 

administrative division, are not readily available.

12 The Subnational Human Gender Development Index (SGDI) is calculated 

by dividing the Subnational Human Development Index (SHDI) for women by 

the SHDI for men. The SHDI for women (respectively for men) is computed 

using a geometric mean of the three women-(men-)specific indicators for 

education, health and standard of living. The SHDI for women (men) has a 

value between 0 and 1. The higher the SHDI value, the higher the human 

development achievements (Smits and Permanyer, 2019).

13 This indicator measures the percentage of women/girls aged 15–19 years 

ever married, divorced, widowed or in informal union out of the total number 

of women/girls aged 15–19 years.

14 This indicator measures the percentage of ever-partnered women aged 

15–49 years who ever suffered intimate partner physical and/or sexual violence 

and/or women aged 15–49 years who ever experienced physical or domestic 

violence since age 15 in their lifetime.
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3.4. Defining, ranking and mapping by 
climate–agriculture–gender inequality 
hotspot index values

First, we define climate–agriculture–gender inequality hotspot 
LMICs in Latin America, Asia, and Africa. To construct a climate–
agriculture–gender inequality hotspot risk index at the national level, 
we use an index based on averages of the standardized component 
variables, as only three factors -related to climate hazard, exposure, 
and vulnerability due to gender inequality- are used to rank countries 
along these dimensions. This climate–agriculture–gender inequality 
hotspot risk index captures the convergence of climate hazards, 
exposure and vulnerability in agri-food systems faced by women.

As the index is ordinal and standardized, we can rank countries15 
by their climate–agriculture–gender inequality hotspot risk index 
value (see Appendix A). We then illustrate the ranking on a global 
map using color codes for relative high or low risk of each country.16

As a robustness test, we constructed two alternative national level 
climate–agriculture–gender inequality hotspot risk indices, one using 
the PCA-based method described in Filmer and Pritchett (2001) (see 
Footnote 8) and another using the method described in Anderson 
(2008).17 We ran similar correlation, rank correlation and classification 
difference tests as Filmer and Pritchett (2001). These lead us to 
conclude our hotspot risk index based on the average of the 
standardized component variables is relatively robust to index 
construction methods (see Appendix B).18

Secondly, we  define climate–agriculture–gender inequality 
hotspot subnational areas in a selection of four focus hotspot countries 

15 Some countries are not part of our 87 countries dataset due to lack of 

data available to compute the three risk component indicators and, 

unfortunately, often the most data-deficit environments are also the most 

poverty-stricken and vulnerable, or conflict-stricken.

16 We used a geographic information system (GIS) application combining 

the hotspot index data by country and data files that store the location, shape 

and attributes of geographic features such as countries (Shapefiles). QGIS is 

an example of an open-source geographic information system application 

that can be used for mapping https://www.qgis.org/en/site/. Shapefiles are 

accessible through https://globaldatalab.org/mygdl/downloads/shapefiles/

We used the GIS application to define ten equal intervals based on the range 

of the hotspot index values and applied a sequential color code to the ten 

intervals. We allocated the lightest orange color to lowest risk (i.e., lowest 

hotspot index values) and darker orange color with increasing risk (i.e., 

increasing hotspot index values).

17 With the method proposed by Anderson (2008), an index is constructed 

as a weighted mean of standardized components with inverse-covariance 

weighting of the components. This ensures that components that are 

uncorrelated and thus represent new information receive more weight, while 

components that are highly correlated with each other receive less weight.

18 Our hotspot risk index based on the average of the standardized 

component variables and the index based on the Anderson method are strongly 

and statistically correlated (according to both pairwise and Spearman rank 

correlation tests) (see Appendix B). These indices are also well correlated with 

the PCA-based index. Classification difference of LMICS in the highest and 

lowest risk tertiles by our hotspot risk index and the index based on the 

Anderson method are limited, there is more classification difference compared 

to the PCA-based index.

in Africa and Asia where data representative at the subnational level 
are available. For these focus hotspot countries, we  construct six 
agricultural activity-specific climate–agriculture–gender inequality 
hotspot risk indices at the subnational level, using the method 
described in Anderson (2008) (see Footnote 18). These indices are 
based on: (1) the climate hazards indicator; (2) the six composite 
agricultural activity-specific indices of exposure experienced by 
women; and (3) the composite index of vulnerability due to gender 
inequalities.19. The index values of each agricultural activity-specific 
climate–agriculture–gender inequality hotspot index are available in 
Appendix D.

As a robustness test for the agricultural activity-specific 
subnational level climate–agriculture–gender inequality hotspot risk 
indices based on the Anderson (2008) method, we  constructed 
alternative indices using averages of the standardized component 
variables and the PCA-based method. Similar tests as above show 
reasonable robustness of the subnational agricultural activity-specific 
hotspot risk indices to index construction method (see Appendix E).20

In this paper, we included the agricultural activity-specific data of 
all subnational areas of all four focus countries in the construction of 
the hotspot risk indices. This implies the index values are relative to 
all subnational areas across the four focus countries. The relative 
ranking computed across countries is helpful for international policy 
makers and donors alike in taking decisions not only on the countries 
to prioritize, but also to zoom into specific areas once a set of countries 
is selected.21

Subsequently, based on the agricultural activity-specific climate–
agriculture–gender inequality hotspot index values, we ranked and 
mapped the subnational areas within each country and separately for 
each agricultural activity using a GIS application.22 The maps of 
subnational areas per country reflect within country and within 
agricultural activity ranking by the hotspot risk index.23

Different criteria can be used to single out a subnational area as a 
hotspot. To illustrate the methodology, in this paper, we identify an 
agricultural activity-specific subnational hotspot area in each focus 

19 The descriptive statistics of the sub-indicators used in the computation 

of the subnational agricultural-activity specific climate–agriculture–gender 

inequality hotspot index indices are presented in Appendix C.

20 We ran similar correlation, rank correlation and classification difference 

analyses as robustness tests. While it varies by agricultural activity, we observe 

statistically significant (rank) correlations for most agricultural activity specific 

indices and moderate to low classification difference, particularly when 

comparing indices based on Anderson method and averages of the standardized 

component variables.

21 On the other hand, calculating index values that only use information of 

subnational areas within one country (which would imply a relative hotspot 

ranking within a country) following the methodology described here might 

be relevant for local targeting and prioritization.

22 Hotspot maps for vegetables, roots and tubers in Mali, rice in Zambia, 

perennial crops in Pakistan and mixed farming in Bangladesh are missing as 

the number of observations was insufficient to derive reliable statistics.

23 Across country and across agricultural activity, we used the GIS application 

to define equal sized intervals of the hotspot index values and applied a 

sequential color code to the intervals similar to one used for hotspot countries.
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country based on its relatively high hotspot index value for a particular 
agricultural activity.24

3.5. Validation of hotspot localities with 
secondary case study evidence

Following the identification of climate-agriculture-gender 
inequality hotspots, we  consulted relativity recent secondary case 
study evidence on climate change, agrifood systems, women’s 
involvement in agrifood systems, and gender equality in selected 
examples of hotspot localities. This helped to contextualize and 
validate the results of applying our climate-agriculture-gender 
inequality hotspot methodology.

Besides, such validation, potentially complemented with analysis 
of the main contributing components to high hotspot risk index 
values, can contribute to informing policy or interventions on how to 
best address the high climate risk faced particularly by women in 
these hotspots.

Detailed policy, institutional and contextual analyses of the 
localities identified as hotspots, however, are outside the scope of this 
paper. As mentioned, primary in-depth case studies, including of 
policies in place, and pilot testing of interventions in hotspot localities 
can be next steps in developing targeted policy and interventions (and 
have been conducted in the context of a wider research project).25

4. Results

4.1. Climate–agriculture–gender inequality 
hotspot LMICs

First, we  applied the climate-agriculture-gender-inequality 
hotspot methodology to rank LMICs. Globally, we ranked 87 LMICs 
from Latin America, Asia, and Africa by the national level hotspot risk 
index value we  illustrated the ranking on a global map (Figure 2; 
Appendix A).

The global map shows that significant climate hazards, high 
exposure faced by women in agri-food systems, and high vulnerability 
faced by women due to gender inequalities converge particularly in 
Sahelian countries in Africa and Central-, East-, and Southern Africa; 
and in Western and South Asia. Rao et al. (2019b) similarly pointed 
out semi-arid regions in Africa and parts of South and Central Asia as 
well as deltas in Africa and South Asia as climate hotspots where 
gendered vulnerability is exacerbated by the convergence of climate 
change, social structures, and sensitivity of livelihoods.

While a decomposition and in-depth discussion of the main 
contributing components fall out of the scope of this paper, different 

24 Other criteria for deciding a subnational area is a hotspot could be, for 

instance, that it has the highest number of highest hotspot index values, or it 

is the hottest for an agricultural activity (or set of activities) of particular interest 

for policy, study or intervention.

25 Primary in-depth case studies and impact studies to pilot test interventions 

have been have been conducted in sub-national hotspot areas in Zambia and 

Bangladesh as part of the wider research project (Forthcoming).

drivers of climate risk influence the hotspot ranking differently in 
different contexts. For example, examining the values of the different 
components in Appendix A, shows that high rates of climate hazards 
and exposure faced by women contribute highly to climate risk faced 
by women in the case of Pakistan and Bangladesh in Asia. In the case 
of Mali and Zambia in Africa; high vulnerability due to structural 
gender inequalities plays a larger role.

While this does not allow inference about a direct relationship 
between poverty levels and climate–agriculture–gender inequality 
hotspot risk, results show that the highest ranked countries are mostly 
low and lower-middle income countries.

Recent studies show that the extent to which climate, agriculture, 
livestock and natural resource policies – and their implementation 
and budgets – are gender response is variable across countries 
(Ampaire et al., 2020; Huyer et al., 2020). In East Africa, Uganda and 
Tanzania in particular, policies are increasingly gender responsive, 
although this varies across governance levels and budgets are not 
always well aligned to or sufficient for the intended gender 
responsiveness. Gender policy action does not adequately address 
structural inequalities (Ampaire et al., 2020). In South Asia, like for 
instance in India, Nepal, and Sri Lanka, climate action policies in 
South Asia are oriented toward improving climate resilience but are 
often gender-blind and non-inclusive. Building climate resilience in 
an equitable and sustainable way, however, will require policy action 
that considers the root causes of gender inequality (Aita and Ahmed, 
2022). Huyer et al. (2020) believe that the UNFCCC Gender Action 
Plan may have the potential to boost gender in climate policy and 
action but emphasize that particularly the structural gender 
inequalities that exacerbate vulnerability of women in particular 
should be addressed.

4.2. Subnational climate–agriculture–
gender inequality hotspot areas in four 
focus countries

Next, we  applied the subnational agricultural activity-specific 
climate-agriculture-gender-inequality hotspot methodology in 
selected hotspot countries. In this paper, we selected two countries 
each from Africa and Asia based on their ranking and data availability 
to develop our subnational climate–agriculture–gender inequality 
hotspot methodology as a proof-of-concept.

The two selected focus countries in (South) Asia are Bangladesh 
and Pakistan, respectively ranked second and fourth by the hotspot 
risk index among all LMIC and the highest risk countries in Asia (Risk 
index values 1.471 and 1.120; Appendix A). The two selected focus 
countries in Africa are Zambia and Mali, ranked 13 and 18, 
respectively (Risk index values 0.651 and 0.448 respectively; 
Appendix A). Zambia is a hotspot in Southern Africa, Mali is a 
representative Sahelian arid African country. These countries also 
have the necessary data representative at the subnational level in 
publicly accessible databases. As observed in Appendix A, multiple 
drivers of climate risk influence the hotspot ranking in different 
contexts. For the two focus countries in (South) Asia; Pakistan and 
Bangladesh, high climate hazards and exposure of female farmers 
drives climate risks. Whereas in the two focus countries in Africa; 
Mali and Zambia, high vulnerability (i.e., structural inequalities) plays 
a larger role.
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We refer to Appendix D for agricultural activity-specific climate-
agriculture-gender inequality hotspot index values of subnational 
areas in our focus hotspot countries – Mali, Zambia, Pakistan, and 
Bangladesh. The hotspots maps for each agricultural activity for each 
of the four countries are provided in Appendix F.26

We continue with the contextualization and validation of selected 
agricultural activity-specific subnational hotspot localities in each of 
the four focus countries using available secondary case study evidence.

4.2.1. Mali
Mali, a Sahelian country, is majorly dependent on agriculture. 

Agriculture contributes 37 percent to the national GDP and is a source 
of income for more than 65 percent of its population. The rural 
economy of Mali is dominated by rainfed and subsistence crop and 
livestock production (FAO, 2017). Increasingly variable and 
unpredictable rainfall, droughts and floods have led to multiple crop 
failures and food shortages. While women constitute half of the labor 
force in the agriculture sector, they have less control over agricultural 
and household assets (especially land) than men. Women have limited 
representation in decision-making spheres which is linked to 
restrictive customary laws (CIAT et al., 2021).

Within Mali, the subnational climate–agriculture–gender 
inequality hotspot analysis reveals that the Tombouctou region is a 

26 The maps in Appendix F illustrate that the hotspot ranking of subnational 

areas within a country differs per agricultural activity. This is linked to the 

importance of the agricultural activity and/or exposure faced by women that 

differs per agricultural activity.

hotspot for livestock (M06 in Figure 3; Appendix D), suggesting that 
women involved in livestock in this region face high climate risk.27

The northern part of Mali, where Tombouctou region is 
located, is centered around a pastoralist livestock economy 
(Djoudi and Brockhaus, 2011). Evidence corroborates that, 
throughout the Sahel—including in Mali—climate change has 
made a pastoral livelihood strategy difficult. Access to water and 
foraging resources have greatly reduced due to increasingly warm 
and dry weather patterns, and extended dry periods (McOmber, 
2020; Segnon et  al., 2021). Generally, Mali faces high poverty 
levels (USAID, 2019; The World Bank, 2020). Tombouctou region 
has among the highest percentages of people living in poverty 
(Data Africa, 2014).

While differences exist by community and class, Djoudi and 
Brockhaus (2011) found that women in Tombouctou are subject to 
restrictive norms and roles hindering their access to resources, 
extension and information, diverse livelihood portfolios, and mobility; 
as well as burdening them with heavy domestic, care and 
productive workloads.

Pastoralist livelihoods in the Sahel are also marked by specific 
gendered roles and responsibilities and associated norms. McOmber 
(2020) states that women are less likely to control cattle than men, 
but more likely to control small livestock. Nevertheless, women 

27 The importance of livestock and women’s high labor contributions are 

evident from the values of the exposure sub-indicators for Tombouctou 

included in the livestock-related hotspot risk index (see Supplementary 

materials). The relatively high values of the indicators also indicate significant 

climate hazard and vulnerability.

FIGURE 2

Climate–agriculture–gender inequality hotspot LMICs across the globe. Darker orange-colored countries have relatively high climate–agriculture–
gender inequality hotspot index values; therefore face higher risk. Lighter orange-colored countries have relatively low climate–agriculture–gender 
inequality hotspot index values; therefore face lower risk. LMICs with a white color have not been ranked due to data limitations.
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contribute labor in both types of livestock rearing. For instance, 
women tend to be responsible for milking and dairy processing. 
Few women own agricultural land, and most have restricted access 
not only to land but also other productive resources. Heavy 
productive and reproductive work burdens, in addition to other 
structural and logistic barriers, constrain women’s access to 
livestock extension and information about raising new breeds of 
livestock more adaptive to ecological changes Besides, the conflict 
in the region drove outmigration, particularly by men, as women 
have less access to financial assets and transportation or face 
mobility restrictions (McOmber, 2020). As a result of male 
outmigration, women’s tasks now include what have been 
traditionally male activities [Djoudi and Brockhaus, 2011; 
Strengthening Partnerships, Results, and Innovations in Nutrition 
Globally project (SPRING), 2016].

The secondary evidence supports the identification of the 
Tombouctou region as a hotspot area for livestock as it points to a 
convergence of climate hazards affecting livestock production and 
pastoralist livelihoods, in which women play a significant role, with 
gender unequal control over resources and information as well as 
discriminatory gender norms and roles.

4.2.2. Zambia
Close to 50 percent Zambia’s economically active population is 

employed in agriculture. Women constitute an estimated 55 percent 
of the agricultural labor force [International Labour Organization 
(ILO), 2021]. Smallholder farmers are majorly reliant on a few staple 
crops like maize and cassava. Climate hazards and stressors include 
drought and dry spells, seasonal and flash floods, extreme 
temperatures, and changes in season onset and cessation. Combined 
with relatively low yields, high deforestation rates and localized land 
degradation, these induce high risks of food security (CIAT and The 
World Bank, 2017b).

Within Zambia, Luapula province has been identified as a hotspot 
area for perennial crops – such as cassava (Z04  in Figure  4; 
Appendix D).28

28 The importance of perennials and women’s high labor contributions are 

also evident from the values of the exposure sub-indicators for Luapula (see 

Supplementary materials). The relatively high values of the indicators also 

indicate significant climate hazard and vulnerability.

FIGURE 3

Subnational level climate–agriculture–gender inequality hotspot map for livestock in Mali. Darker orange-colored countries have relatively high 
climate–agriculture–gender inequality hotspot index values; therefore face higher risk. Lighter orange-colored countries have relatively low climate–
agriculture–gender inequality hotspot index values; therefore face lower risk. Names of the regions are M01: Kayes; M02: Koulikoro; M03: Sikasso; 
M04: Segou; M05: Mopti; M06: Tombouctou; M07: Gao and Kidal; M08: Bamako.
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Evidence shows that Luapula province witnesses heavy annual 
rainfall, which helps the growing season but also makes the region 
prone to flooding (USAID, 2014). Seasonal flooding causes significant 
crop damage to the perennial crop of cassava which is extensively 
cultivated and the second most important staple food in the province 
(Curran et al., 2009; White et al., 2015). Zambia has high percentages 
of its population living in poverty and Luapula province has among 
the highest percentages of all provinces (Data Africa, 2010).

While farming is the key livelihood option for most of the 
population in the province, 68 percent of the women in Luapula 
province do not own land (Zambia Statistics Agency et al., 2019). 
According to statutory law, women in Zambia have equal rights to 
acquire land and inherit land upon widowhood. However, Kapihya 
(2017) argue that customary law co-exists and often overrules 
statutory regulations, especially in rural areas. In practice, in many 
cases, women have access to land via their husband but insecure 
tenure or inheritance rights over land. Besides, women have limited 
access to credit and financial services in Zambia and lack the support 
of policies and legal framework that can facilitate their economic 
empowerment (OECD, 2019). Evidence shows that Luapula province 
is one of the most gender unequal regions in Zambia offering limited 
economic opportunities and experiencing high levels of 
unemployment [United Nations Development Programme (UNDP), 
2016; Government of the Republic of Zambia (GRZ), 2021].

Cassava is commonly labeled as a women’s crop. Alamu et al. 
(2019) show that, in the Samfya and Mansa districts of Luapula 
province, for instance, women are not only heavily involved in cassava 
production but also in 90 percent of the processing activities. Women’s 
access to inputs and tools to improve the efficiency of processing is 
restricted, contributing to their time poverty-which is high given that 
women tend to provide most of the unpaid family and care labor. 
Furthermore, women working in cassava production lack access to 
relevant knowledge and information that can help them diversify 
production in the face of a changing climate (Alamu et al., 2019). 
Baidu-Forson et al. (2015) point out that mobility restrictions and 
power relations limit women farmers’ ability to cultivate different 
crops and adapt to flooding.

In sum, the evidence from the secondary case studies corroborate 
the identification of Luapula province as a hotspot area for perennial 
crops, cassava in particular, since climate hazards affecting the 
production of this ‘women’s crop’ coincide with significant gender 
inequalities in access to resources, work burdens, and adaptive 
capacities rendering women particularly vulnerable.

4.2.3. Pakistan
Agriculture in Pakistan contributes 19 percent to its national GDP 

(Government of Pakistan (GoP), 2021a). Agriculture, however, is 
severely affected by a range of climate hazards including, for instance, 
droughts and floods in the Punjab province and extreme temperatures 
in the Sindh province. In Pakistan, the Punjab province emerges as a 
hotspot region for cereals (P01 in Figure 5; Appendix D).

Punjab is an agriculturally rich region contributing 24 percent to 
Punjab’s GDP. The province is responsible for 80 percent of the wheat 
produced in the country (FAO, 2015). Farooq (2022) report that the 
province is prone to climate hazards and faces recurring droughts, 
heatwaves and floods. The increase in temperatures in Pakistan has led 
to an increase in heatwaves in the southern regions of the Punjab 
province [Government of Pakistan (GoP), 2021b]. The recent dramatic 

Monsoon floods (June to August 2022) also hit the Punjab province 
hard (OCHA, 2022; Puskur and Mishra, 2022). While poverty levels 
are generally high in Pakistan, Punjab has the lowest proportion of 
people in poverty as compared to other provinces [Pakistan Institute 
of Development Economics (PIDE), 2021; United Nations 
Development Programme (UNDP), 2023].

Women contribute significant labor to harvesting activities 
particularly of wheat and cotton, as well as to livestock maintenance 
and dairy production and processing.29 Apart from this, women 
additionally take on household chores and care work, adding up to 
working 12 up to 15 h a day (FAO, 2015). Yet, women have limited 
access to technologies and income-generating assets due to weak 
extension systems, illiteracy and lack of legal ownership of land (CIAT 
and The World Bank, 2017a; Wilderspin et al., 2019).

Land constitutes a significant asset in rural Punjab. Due to 
restrictive social and cultural norms, women are discouraged from 
getting a share, particularly when it is large in size (FAO, 2015). Only 
2 percent of women in rural Punjab own land (NIPS, 2019). Drucza 
and Peveri (2018) point out that social norms restrict women’s 
mobility. As a result, men deal with marketing and take most of the 
decisions regarding selling and buying. This is especially the case in 
the rural parts of the province and more so for women belonging to 
rich farming or land-owning households. Women from poorer groups 
in these rural societies are more likely to have to leave the home for 
work. Consequently, with increasing economic prosperity of the 
households, women have become more confined to their home and 
more isolated from the outside world. According to FAO (2015), other 
factors that limit women’s empowerment include lack of access to 
credit, gender bias in transfer of new technologies and required 
training, and lack of access to education. A case study in rural areas in 
Punjab by Habib et al. (2022) shows that limited access to resources 
hinders women in adopting measures to deal with natural disasters. 
The adaptation measures that women tend to adopt during natural 
hazards include reducing food consumption and purchase of clothes 
as well borrowing money from relatives to cope with the impact.

The secondary evidence thus supports the rural Punjab as a 
hotspot area for cereals with climate hazards affecting cereal crop 
farming in which women are substantially involved while facing 
significant structural gender inequalities that contribute to 
their vulnerability.

4.2.4. Bangladesh
Agriculture in Bangladesh contributes 17 percent to the national 

GDP. It constitutes at least one source of livelihood for 87 percent of 
its rural households. Bangladesh faces multiple climate hazards, 
including frequent flooding, droughts, cyclones and rising salinity 
(Ferdushi et al., 2019; Ahmed and Eklund, 2021).

Based on the subnational hotspot analysis, the cluster of 
Kishoreganj districts (in Dhaka Division) and Mymensingh and 
Netrokona districts (in Mymensingh Division), in the Haor region in 

29 The importance of cereals, leguminous crops and oilseeds and women’s 

high labor contributions in these crops are evident from the values of the 

exposure sub-indicators for Punjab (see supplementary materials). The relatively 

high values of the indicators also indicate significant climate hazard and 

vulnerability.

https://doi.org/10.3389/fsufs.2023.1197809
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Lecoutere et al. 10.3389/fsufs.2023.1197809

Frontiers in Sustainable Food Systems 14 frontiersin.org

northeastern Bangladesh, emerges as a hotspot for rice (B11  in 
Figure 6; Appendix D).30,31 There is evidence that the occurrence of 
flash floods before the harvesting season affects crop output and 
causes severe livelihood losses to farmers in these districts, where 
substantial areas are characterized by wetland ecosystems (Haor) 
[Government of the People’s Republic of Bangladesh (GOB), 2018; 
Rahaman et al., 2019; Hoq et al., 2021]. Siltation and sedimentation of 
major rivers, as well as riverbank erosion, are other challenges in this 
region [Centre for Environmental and Geographic Information 
Services (CEGIS), 2012]. Poverty maps show that these districts have 
relatively high proportions of their population below the 2016 poverty 
line (The World Bank, 2023).

30 Haors are wetlands formed by tectonic depressions that receive surface 

runoff water. Hoars receive a lot of runoff water during the Monsoon rains and 

large sections become submerged.

31 The importance of rice farming and women’s high labor contributions in 

rice farming are evident from the values of the exposure sub-indicators for 

the cluster of Kishoreganj, Mymensingh and Netrokona districts (see 

Supplementary materials). The relatively high values of the indicators also 

indicate significant climate hazard and vulnerability.

Boro rice is the major crop cultivated in this region. It is grown 
using irrigation in waterlogged low-lying or medium lands (Hoq et al., 
2021). Rahman et al. (2020) argue that women in northern Bangladesh 
typically have a substantial role in rice farming and are increasingly 
involved in farm management, in part due to male outmigration. The 
climate-induced male outmigration leaves women with increased 
productive and domestic workloads. Seymour and Floro (2016) show 
that, while women and men daily spend similar amounts of time 
working in Bangladesh, women spend 86 percent of their working 
time engaged in unpaid domestic activities—and men only 25 percent. 
Yet, women’s role and contributions are not always acknowledged by 
their male counterparts (Rahman et al., 2020). Women’s work burdens 
not only increase in times of acute climate crises, but also because of 
soil and riverbank erosion which necessitates moving fields.

Besides, in the context of Bangladesh, patriarchal gender norms 
restrict women’s access to resources, their mobility, and decision-
making power in their households. However, according to Rahman 
et al. (2020) such normative restrictions may vary by women’s level of 
education, household wealth and non-governmental organization 
membership. Studies in North-Western Bangladesh by Tanny et al. 
(2017) and Naz and Saqib (2021) found that women have a lower 
adaptive capacity to climate shocks than men as they have limited 

FIGURE 4

Subnational level climate–agriculture–gender inequality hotspot map for perennial crops in Zambia. Darker orange-colored countries have relatively 
high climate–agriculture–gender inequality hotspot index values; therefore face higher risk. Lighter orange-colored countries have relatively low 
climate–agriculture–gender inequality hotspot index values; therefore face lower risk. Names of the provinces are Z01: Central; Z03: Eastern; Z04: 
Luapula; Z05: Lusaka; Z06: Northern; Z07: North-Western; Z08: Southern. (Missing data: Z02: Copperbelt; Z09: Western).
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choices for livelihood diversification. Rahman et al. (2020) state that, 
in wetland areas, such as the Kishoreganj-Mymensingh-Netrakona 
districts, women’s mobility restrictions hinder their access to timely 
warnings about floods and other information enabling them to 
mitigate or adapt to the climate adversities.

Thus, the hotspot analysis and secondary case study evidence 
support each other in identifying the cluster of Kishoreganj, 
Mymensingh and Netrokona districts, with large wetland areas, as a 
hotspot for rice production. Climate hazards including floods affect 
rice production in which women provide subnational amounts of labor 
in addition to their care work burden. The vulnerability of women is 
high given prevailing patriarchal gender norms, mobility restrictions, 
and restricted access to resources and decision-making power.

5. Discussion

Climate hazards, gender-differential exposure and vulnerability 
due to gender inequalities influence the climate risk that women in 
agri-food systems face. Each of these factors of climate risks – 
hazards, exposure, vulnerability - can differ and overlap each other 
in complex ways specific to location and context. We developed and 

applied a methodology that combines insights from climate, gender 
and agri-food system research to identify and map geographical areas 
that can be  considered climate–agriculture–gender inequality 
hotspots. These hotspots are characterized by the local- and context-
specific convergence of significant climate hazards, exposure faced by 
women because of their involvement in agriculture and/or livestock 
production, and high vulnerability particularly for women because 
of the social conditions that disadvantage women. The methodology 
uses geospatial information and publicly accessible, representative 
socioeconomic datasets and applies user-friendly methods to 
construct ordinal climate–agriculture–gender inequality hotspot 
indices. This is done at national and subnational area levels. This 
allows ranking countries and subnational areas within countries by 
the respective hotspot index values, hence, identifying and mapping 
hotspots and ‘cold-spots’ using color codes.

Our methodology has some limitations, some of which are related 
to the available data sources. First, some countries, including various 
Small Island Developing States (SIDS), are not included in the hotspot 
country analysis and our choice of focus countries for subnational 
hotspot analysis used data availability as a criteria. Often the most 
data-deficit environments are also the most poverty-stricken and 
vulnerable, or conflict-stricken, implying that we  may remain 

FIGURE 5

Subnational level climate–agriculture–gender inequality hotspot map for cereals, leguminous crops and oilseeds in Pakistan. Darker orange-colored 
countries have relatively high climate–agriculture–gender inequality hotspot index values; therefore face higher risk. Lighter orange-colored countries 
have relatively low climate–agriculture–gender inequality hotspot index values; therefore face lower risk. Names of the regions are P01: Punjab; P02: 
Sindh; P03: Khyber Pakhtunkhwa (NW Frontier); P04: Balochistan; P05: Islamabad (ICT); P08: FATA. (Missing data P06: Gilgit Baltistan; P07: AJK).
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uninformed of climate risk faced by women in these environments 
due to these data limitations.

Second, aquatic food systems and sectors -fisheries and 
aquaculture- have been not been adequately covered in the analysis. 
This is primarily due to the fact that fishery and aquaculture activities 
are largely overlooked in data collection efforts. For instance, the 
number of sampled participants in fisheries and aquaculture sector is 
very low in the Labor Force Survey (LFS) data selected for this study 
is too low calculate statistically meaningful indicators. Besides, the 
limited available suggests that women’s participation in the harvesting 
sector of fisheries and aquaculture in the four focus countries is very 
low, ranging between 0 and 23% for aquaculture and between 0 and 
11% for fisheries.32 However, we acknowledge that the fisheries and 
aquaculture sector has a profound impact on economic development 

32 For a gender analysis in small-scale fisheries refer to section 6.1 in FAO 

et al. (2023). “Illuminating Hidden Harvests – The contributions of small-scale 

fisheries to sustainable development.” Rome. https://doi.org/10.4060/cc4576en.

and food security and nutrition and that aquatic food systems have a 
specific set of climate hazards associated with them (Barange et al., 
2019; Tigchelaar et  al., 2021). These are compounded with 
exacerbating occurrences of recurrent losses and degradation of 
coastal and freshwater ecosystems due to human activities along 
coastlines and within water basins (FAO et al., 2023).

Third, the LFS data only allowed capturing participation in food 
production and processing activities and not food trading and 
transportation activities. Hence, this study is primarily focused on 
gender-specific exposure in crop and livestock production, which 
account for most of the women’s employment in the agrifood system. 
As such, it provides valuable insights into exposure to climate change 
faced by women in agrifood systems.33

33 One could argue, however, that it would have been more accurate to use 

the term agriculture instead of agrifood system considering the limitation in 

data availability for calculating employment in downstream activities of the 

agri-food system.

FIGURE 6

Subnational level climate–agriculture–gender inequality hotspot map for rice in Bangladesh. Darker orange-colored countries have relatively high climate–
agriculture–gender inequality hotspot index values; therefore face higher risk. Lighter orange-colored countries have relatively low climate–agriculture–
gender inequality hotspot index values; therefore face lower risk. Name of the district groups are B01: Barisal–Jhalokati–Pirojpur; B02: Barguna–Bhola–
Patuakhali; B03: Chittagong; B04: Bandarban–Cox’s Bazar; B05: Khagrachhari–Rangamati (Chattagram); B06: Feni–Lakshmipur–Noakhali; B07: 
Brahmanbaria–Chandpur–Comilla; B08: Dhaka; B09: Gazipur–Narayanganj–Narsingdi; B10: Jamalpur–Sherpur–Tangail; B11: Kishoreganj–Mymensingh–
Netrakona; B12: Faridpur–Manikganj–Rajbari; B13: Gopalganj–Madaripur–Munshiganj–Shariatpur; B14: Bagerhat–Khulna–Satkhira; B15: Jessore–Magura–
Narail; B16: Chuadanga–Jhenaidah–Kushtia–Meherpur; B17: Naogaon–Nawabganj–Rajshahi; B18: Natore–Pabna–Sirajganj; B19: Bogra–Gaibandha–
Jaypurhat; B20: Dinajpur–Nilphamari–Panchagarh–Thakurgaon; B21: Kurigram–Lalmonirhat–Rangpur; B22: Maulvibazar–Sylhet; B23: Habiganj–Sunamganj.

https://doi.org/10.3389/fsufs.2023.1197809
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.4060/cc4576en


Lecoutere et al. 10.3389/fsufs.2023.1197809

Frontiers in Sustainable Food Systems 17 frontiersin.org

Fourth, while, ideally, the climate hazard data would be split by 
the same agricultural activities as exposure data, this is not possible as 
the former are based on spatial-level data and the latter household-
level data. We also acknowledge that, in some cases, the available data 
might not be sufficiently recent to be effectively used for policy making.

Our exercise is thus focused on the methodology and the 
feasibility to characterize and identify hotspot areas with the data 
required to conduct such analysis that is available at hand, which is 
not necessarily the most recent data. We also acknowledge that the 
results of the climate–agriculture–gender inequality hotspot ranking 
and mapping provide just a description and spatial distribution of the 
status quo without any indication, other than the underlying data, of 
factors that could positively affect it. Besides, the methodology 
we developed is one way to identify where women in agrifood systems 
are at high risk of climate change. It proves relatively robust but 
we recognize the complementarity of other methodologies.

Climate–agriculture–gender inequality hotspot ranking and 
mapping have multiple uses. First, hotspot mapping holds the potential 
to underpin decision-making. It can inform risk management and 
investments in coping or adaptation assistance. It can guide the allocation 
of scarce resources to populations at highest risk by identifying high-risk 
countries and subnational areas where climate change hazards, exposure 
and vulnerabilities most acutely converge for these groups (de Sherbinin, 
2014). The identification of climate–agriculture–gender inequality 
hotspots can facilitate how future efforts are targeted to locations where 
women in agri-food systems are most at risk to make these more 
impactful. The underlying data signals that limiting climate risk for 
women by reducing the vulnerability requires addressing the systemic 
gender inequalities and structural barriers to equality.

Second, hotspot mapping can provide important comparable 
contextual information for projects or studies that aim to address 
issues at the nexus of climate change, gender, agri-food systems. The 
hotspot analysis and its indicators can support identifying and 
comparing the various local challenges the population, and women in 
particular, face across countries and within identified national 
boundaries. The results of this study, for instance, have been used to 
identify case study hotspot subnational areas in the hotspot countries 
of Zambia and Bangladesh for further research into the relationship 
between women’s participation in agri-food systems, their adaptive 
capacity and empowerment as well as potential solutions to empower 
women in agri-food systems in the face of climate change. Depending 
on data availability, other possible uses of hotspot ranking and 
mapping include thematic cross-country or cross-regional 
comparisons, tracking changes over time in relative climate–
agriculture–gender inequality hotspot rankings, or monitoring 
correlations of hotspot rankings with changes in gender, climate and/
or agricultural policies over longer-term periods.

Provided there is a theoretical and empirical basis and the 
necessary comparable and representative data, the climate-
agriculture-gender inequality hotspot methodology could be fine-
tuned further with the inclusion of additional variables for exposure 
to climate hazards beyond agriculture and livestock production. 
Measuring vulnerability due to gender inequalities could benefit 
from the inclusion of indicators of inequalities in land ownership, 
time poverty, access to finance, technology, information, and 
education, among others. The hotspot methodology could 
be  extended to identifying populations at high climate risk 
differentiated not only by gender, subnational area and agricultural 
activity, but also by age, ethnicity, caste, dis(ability), and/or 

socioeconomic status. This would require developing the theoretical 
and empirical basis for differential exposure and vulnerability 
linked to inequalities that tie to these intersectional characteristics. 
It would also depend on the availability of representative cross-
country and cross-region comparable data disaggregated by the 
relevant intersectional categories. Lau et al. (2021) see potential in 
using Women’s Empowerment in Agriculture Index or Individual 
Deprivation Measure data, but these are still only available for a 
limited number of countries. Lastly, the hotspot methodology could 
be expanded to include other factors of exposure and vulnerability, 
for instance, related to (gendered) access to water or poverty; or to 
identify hotspots of compound risk.

6. Conclusion

There is growing recognition and increasing evidence that impacts 
of climate change are gendered and that, in many contexts, women in 
agri-food systems in LMICs are more affected by and more vulnerable 
to the adverse impacts of climate change than men. Gender 
inequalities and structural constraints to equality in society tend to 
exacerbate negative impacts by limiting women’s coping and adaptive 
capacities. In the spirit of leaving no one behind, it is essential to 
ensure that women can take climate action and can seize coping and 
adaptation opportunities as agri-food systems transform against the 
background of climate change.

The climate-agriculture-gender inequality hotspot methodology 
enables mapping the countries and subnational areas within countries 
where women are at high risk of climate change. This can guide the 
allocation of scarce resources for avoiding exacerbating gender 
inequality and for supporting women’s adaptive and resilience 
capacities and climate action. Besides, the climate-agriculture-gender 
inequality hotspot methodology signals that part of the solutions of 
reducing climate risk for women requires addressing the structural 
barriers to gender equality.
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