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Abstract

Environmental change and climate-related disasters are an under-examined factor
impacting women’s health, globally. Drawing on ecofeminist theory, we conduct
analyses examining if the HIV burden among women is higher in nations that expe-
rience suffering from droughts. Specifically, we posit that droughts, which typically
impact more people and for greater lengths of time than other climate-related disasters,
have a unique impact on women’s vulnerability to HIV/AIDS. We use a cross-national
dataset of less-developed countries and ordinary least squares (OLS) regression to
explore and compare relationships between suffering from drought and total HIV
prevalence and suffering from drought and women’s proportion of HIV cases. Overall,
the results demonstrate that while droughts have an inconsistent impact on total HIV
prevalence, suffering from drought significantly increases the proportion of HIV cases
among women in comparison to men, net of the impact of common economic, social,
cultural, and political predictors. The findings suggest that suffering from drought
differentially impacts women’s health in less-developed countries, where a number of
mechanisms, such as transactional sex or displacement, likely underlie the associations
identified.
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Introduction

Despite some improvements, HIV/AIDS remains a key threat to health and well-being
in many less-developed countries.' Recent trends also document the increased burden
of HIV particularly among women in poor countries (WHO 2018). Although under-
examined and seemingly unrelated, environmental changes resulting from climate-
related disasters, or disasters linked to extreme meteorological events (Tschumi and
Zscheischler 2020), may have a powerful influence on women’s vulnerability to HIV in
less-developed nations. Ecofeminism offers that women and the environment bear
mutual oppression stemming from patriarchal structures that subjugate both, framing
them as expendable and in need of domination and control (Gaard 2011; King 1999;
Mies 1998). Central to this approach is that men and women hold different connections
to the environment because of gendered expectations. Such socially constructed ex-
pectations are key in defining responsibilities and resource access, particularly in less-
developed nations where individuals are more directly dependent upon the environment
in meeting daily necessities. While women are more reliant upon such environmental
resources in providing food and sustenance, they are simultaneously denied access to
land and property (Frank and Unruh 2008; Mies and Shiva 1993). Disasters such as
droughts could exacerbate women’s already-hindered access to food and other re-
sources through environmental destruction and degradation, thereby compromising
their health.

Disasters in less-developed areas tend to be acutely devastating due to the vulner-
ability of poor populations (e.g., Tierey 2007; Wisner 2016). Natural hazards include
events like droughts, and social, economic, and political factors create vulnerabilities
that turn these events into disasters (e.g., Wisner 2016). Droughts are an especially
crucial type of disaster to consider in this context, as they have increased in frequency
and severity and are less predictable, are more prolonged, and have longer-term impacts
than other types of disasters (Fisher and Carr 2015; Gerber and Mirzabaev 2017). Such
effects include impaired access to clean drinking water, compromised livestock quality,
and deleterious impacts on food production (FAO 2011; Sam et al. 2019). In fact,
droughts are viewed as among the most detrimental of disasters because they affect
more people than any other disaster type (Gerber and Mirzabaev 2017). For example,
from 2000 to 2019, 80% of disaster-affected populations in Africa were affected by
droughts (CRED 2019). This statistic is especially striking, considering droughts only
comprised 11% of disaster events in Africa over that time period (CRED 2019).

Moreover, scientists predict that droughts will continue to worsen due to warming
temperatures, precipitation declines, and decreases in soil moisture due to climate
change (Cook et al. 2018). Less-developed nations are especially vulnerable to the
devastation of droughts because of concurrent dependence on rain-fed agriculture and
large rural populations, alongside inadequate infrastructure and resources to mitigate
drought’s effects (CRED 2019). Moreover, it is often low-income, rural, and/or ethnic
minority women within these less-developed countries who disproportionately depend
on environmental resources to meet family survival needs and who are more likely to
live in high-risk and environmentally fragile zones (e.g., Oglethorpe and Gelman

' Throughout this article, less-developed countries are defined as countries falling within the lower three
quartiles of the World Bank income classification of countries, which is based on per capita GDP.
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2008). Clearly, given drastic effects of climate change on the frequency and severity of
droughts, along with the rising HIV burden among women in places most likely to
suffer from droughts, it is urgent to deeply consider the relationship between environ-
mental change and women’s health.

Insights from ecofeminist thinking emphasize that environmental degradation dis-
proportionately affects women, in part, due to their reliance on the environment. In
order to fully assess if droughts are linked to unique vulnerability among women to
HIV/AIDS in less-developed countries, we conduct a two-step analysis. We first test
for the impacts of suffering from drought on total HIV prevalence, net of other factors,
then examine the effects of drought on women’s proportion of HIV cases relative to
men. To properly determine if women face unique susceptibilities to disease in the
context of drought, it is important to assess an outcome that quantifies the distribution
of HIV cases among women versus men. Simply considering prevalence rates can
provide an incomplete picture of the disproportionate vulnerabilities women face as a
consequence of their gender roles and statuses (e.g., Austin and Noble 2014). Droughts,
which have grown increasingly severe and acutely devastating, are important to
consider in creating disease vulnerabilities for women, as environmental decline can
put women into structural situations that comprise their well-being.

Women, HIV, and ecofeminist approaches

While there are some areas of resurgence in developed nations, HIV predominantly
affects people in less-developed countries, with 95% of individuals with HIV living in
these locations (WHO 2018). Thus, HIV is closely related to international trends of
poverty and inequality, including along lines of gender (Heimer 2007). A higher
proportion of women acquire HIV compared to men, especially in poorer nations,
and HIV/AIDS currently represents the leading cause of death for women of reproduc-
tive age (WHO 2018). The disproportionate increase in HIV among women in less-
developed countries is likely due to the combination of biological, social, and, as we
argue here, environmental factors.

While certain research points to biological susceptibilities to HIV (Campbell et al.
2008; Quinn and Overbaugh 2005; UNAIDS 2017), social and socioeconomic vulner-
abilities also enhance women'’s likelihood of HIV infection. In less-developed nations,
where the majority of HIV transmission among women is through heterosexual sex,
women’s lack of empowerment in the form of compromised access to contraception,
education, and healthcare is especially relevant (Bose 2011; Heimer 2007; Smith
2002). Cross-national studies also focus on the potential role of other economic,
political, and cultural predictors of women’s HIV, including level of democracy or
the percentage of the population that is Muslim, arguing that population-level charac-
teristics such as enhanced civil liberties or strict sexual norms can function to promote
or protect women’s health (e.g., Gray 2004; Shircliff and Shandra 2011). While
biological, socioeconomic, and other political or cultural factors can be significant in
explaining gendered HIV disparities in less-developed nations, environmental factors
likely also play an important role.

Although seemingly unrelated due to HIV being sexually transmitted, environmental
change resulting from disasters may influence HIV susceptibility among women in
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less-developed nations. Ecofeminism emphasizes the shared structural patriarchal op-
pression of both women and the environment, where the same logic that rendered
nature conquerable does the same to women whose bodies are likewise subjugated
(Eaton and Lorentzen 2003; Gaard 2017; Warren 1990). Tangible social structures set
in place simultaneously make women more dependent on the environment while also
compromising environmental integrity and sustainability, itself, as well as women’s
access to necessary environmental resources (Ergas and York 2012; Harlan et al. 2015;
Shandra et al. 2008). Moreover, and crucially, the logic of domination that undergirds
the shared oppression of women and the environment render both expendable (Terry
2009). For instance, women in less-developed nations who are especially dependent on
environmental resources are denied land ownership and land inheritance (Frank and
Unruh 2008), and, during times of instability, men’s access to food and sustenance is
prioritized over women’s access (Dunaway and Macabuac 2007). Ecofeminist perspec-
tives also point out that women’s roles in being stewards of the environment mean that
women are more likely to support policies that protect the environment and promote
sustainability (Ergas and York 2012; McKinney 2014; Norgaard and York 2005).

The emphasis on social and structural dimensions that inform women’s connection
to the environment has revealed the inherent intersectionality within ecofeminism, as it
encompasses racialized histories of colonialism, along with power and development
differences by social and geopolitical locations (Elmhirst 2011; Gaard 2015; Godfrey
2012). That is, ecofeminism recognizes differences in gender expectations as socially
constructed, and these roles vary across class, race, location, and culture. Moreover,
these expectations change throughout time and across societies (Rocheleau et al. 1996).
Ecofeminist thought thus incorporates multiple intersecting identities and statuses yet
still uplifts gender as a key determinant in shaping relationships to the environment and
corresponding socially constructed expectations. Certainly, women in less-developed
nations are not a monolithic group; however, an ecofeminist approach speaks to the
direct dependency of women in these locations upon the environment due to social
roles that dictate women’s use and reliance upon environmental resources daily and
throughout life (Denton 2002; Ergas and York 2012; McKinney and Austin 2015;
Shandra et al. 2008). Specifically, women are primarily responsible for obtaining food,
clean drinking water, firewood, and other resources from their natural surroundings
(Denton 2002; Oglethorpe and Gelman 2008; Rocheleau et al. 1996). As we describe in
more detail below, such duties become more difficult during and after disasters,
particularly prolonged, less predictable ones like droughts.

Disasters and Women'’s HIV in less-developed nations

A growing body of research demonstrates that disasters disproportionately affect and
compromise women’s health, morbidity, and mortality compared to men (Austin and
McKinney 2016; Enarson et al. 2018; Harlan et al. 2015). Droughts can impact well-
being through various mechanisms including environmental devastation, resource and
water scarcity, and food insecurity (Arku and Arku 2010; Braun 2011; CRED 2019;
Fisher and Carr 2015). Droughts constitute a “creeping disaster” due to their relative
lack of predictability, slower onset, and long duration (CRED 2019; FAO 2020).
Importantly, disasters such as droughts transcend the geological or meteorological
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hazards and events that inform them: social conditions, including unequal power
systems, prime vulnerability to disasters that affects individuals’ ability to prepare
for, cope with, and recover from disasters (Enarson et al. 2018; Fothergill and Peek
2004; Tierney 2007). Such social vulnerability approaches reveal disasters’ dispropor-
tionate impact on marginalized populations, including women in less-developed na-
tions, debunking the premise that disasters are “acts of God” that indiscriminately and
equally affect everyone (Fothergill and Peek 2004; Steinberg 2000; Tierney 2007).
Given the dependence of women upon the environment explained above, droughts
likely have differentially severe effects on women’s health compared to men, including
the feminized burden of HIV.

Women’s overall health suffers in the wake of disasters in various ways, including
through increased informal, unpaid workloads (Arku and Arku 2010; Oglethorpe and
Gelman 2008). Disasters destroy physical land and crops that help women provide for
themselves and their families (CRED 2019). Thus, in fulfilling their duties as family
caretaker, women spend considerably more time and energy obtaining, securing, and
transporting resources for themselves and their families after a disaster (Arku and Arku
2010; Austin and McKinney 2016; Oglethorpe and Gelman 2008). Moreover, women’s
care-work of children and other family members becomes increasingly burdensome in
such contexts (Enarson et al. 2018). Disasters thus result in higher levels of emotional
stress and greater efforts to obtain needed resources, leading to a hindered ability for
women to care for their families and themselves.

In conjunction with an increased informal workload, women endure a decrease in
resource access during and after disasters (Enarson et al. 2018; Murray 2013), as men
seek to retain their dominant positions during times of resource scarcity (Dunaway and
Macabuac 2007; Mies 1998). Moreover, women experience impaired access to former,
pre-disaster formal employment and education due to destruction of physical buildings
(Enarson 2000), as well as ideological factors such as women’s duty to prioritize their
families’ health over their own (Murray 2013). Lack of access to formal employment
and education have been repeatedly shown to worsen women’s health (Austin et al.
2017; Burroway 2010, 2012), and disasters reinforce this connection. Clearly, women’s
already-impeded access to relied upon, vital natural resources is further constrained in
the context of disasters.

In order to cope with the concurrent increase in informal care-work and decreased
access to environmental resources during and after disasters such as drought, women
may turn to transactional sexual behaviors to secure food or other sustenance for
themselves or their families (Hunter et al. 2011; Lungu and Hiisken 2010; Williams
et al. 2012). Referred to “survival sex” or “sex for basic needs,” transactional sexual
relationships are usually non-marital and non-commercial, where money, food, or gifts
are given primarily from men to women in exchange for sexual activity (McCleary-
Sills et al. 2013; Mojola 2011; Smith 2002; Stoebenau et al. 2016; Wamoyi et al. 2019;
Weiser et al. 2007).? Indeed, many studies illustrate that women engaging in transac-
tional sex relationships oftentimes suffer from food insecurity, making acquiring

2 Other types of transactional sex exist and are important to consider, including sex for improvement of social
status and sex for material expressions of love (Mojola 2014; Stoebenau et al. 2016) through securing of
material goods rather than food (Leclerc-Madlala 2008; Wamoyi et al. 2010, 2019). However, regardless of
the motivations being for basic survival items or for more luxury items, we emphasize that devastation from
drought may encourage women to engage in transactional sex to obtain the things they need or want.
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money for food a key motive in many transactional relationships (e.g., McCleary-Sills
et al. 2013; Oyefara 2007; Williams et al. 2012).

Participants in transactional sex are less likely to use STI-preventing barrier contraceptive
methods and simultaneously have a higher risk for contracting STIs (Oyefara 2007; Pascoe
et al. 2015; Weiser et al. 2007). For instance, migrant worker men, older men, and wealthy
men are more likely to engage in such relationships, as they are more able to provide
monetary support, yet also have higher rates of HIV (Lungu and Hiisken 2010; Mojola
2011, 2014). Furthermore, women refrain from asking men to use condoms due to the
unequal power dynamics and the potential that such requests would deter men from
engaging in the relationship (Lungu and Hiisken 2010; Mojola 2011, 2014). Additionally,
there is a higher risk for forced sex and other forms of sexual violence in transactional sexual
relationships (Dunkle et al. 2004; Mosavel et al. 2012).

In less-developed countries where HIV prevalence is highest, transactional sexual
arrangements are increasingly pervasive among women of many ages and marital
statuses, compounding the likelihood of HIV transmission (Dunkle et al. 2004;
Mojola 2011, 2014). Thus, for women who can no longer access necessary environ-
mental resources during disasters like droughts, engaging in risky sexual behaviors may
be an important coping strategy, despite it ultimately putting them at a higher risk for
HIV. Droughts are among the longest-lasting disasters and thereby extend the
timeframe for both resource depletion and resulting transactional sexual relationships.

As droughts can result in livelihood devastation, hunger, illness, and ultimately
displacement and migration, especially among those most disadvantaged (Enarson
et al. 2018; Ocello et al. 2015), there are likely to be other factors beyond transactional
sex also putting women at risk.’ Migration itself is an important predictor of disease
transmission, and disasters such as droughts can concentrate people in internally
displaced persons (IDP) camps (Majid and McDowell 2012; Neumayer and Plimper
2007; Shukla 2014). STI transmission rates and instances of sexual violence against
women are high in many IDP camps (Austin et al. 2008; Murray 2013; Neumayer and
Plimper 2007). Additionally, access to healthcare and reproductive health resources are
extremely low or non-existent in most in IDP camps (Horton 2012; Neumayer and
Plimper 2007).

Factors like transactional sex, food insecurity, and displacement in the wake of disasters
represent processes that might explain an association between droughts and gendered
vulnerabilities to HIV in less-developed nations. Although our goal is to not test for these
specific mechanisms, it is important to understand the individual-level social conditions that
motivate the large-scale, structural associations we endeavor to investigate. Ecofeminism
highlights women’s closeness to the environment through shared oppression, where patri-
archal ideology frames both as expendable and in need of subjugation, rendering their
destruction “justified.” Droughts worsen access to necessary resources through environmen-
tal degradation and devastation, typically for long periods of time. As women are displaced
or turn to transactional sex, their likelihood of contracting HIV increases. Here, we draw on

* We acknowledge that violent conflict also likely exacerbates the effects of drought and is also a major
contributor to displacement. Droughts are likely to be acutely devastating in nations with pre-existing conflict
(e.g., Somalia). While relevant to ideas about displacement and IDP camps, we prefer to focus on drought
rather than conflict in the current manuscript for the sake of parsimony, and as the relationship between
drought and HIV is a new line of research which first deserves a fundamental approach. Certainly, considering
the role of conflict alongside these themes represents an avenue for future research.
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these ideas to illuminate that droughts have a unique impact on women’s vulnerability to
HIV in comparison to men.

Central hypotheses

First, we predict that there is a positive relationship between drought and women’s
proportion of the population living with HIV across nations, where less-developed
countries with increased suffering from drought have higher proportions of HIV among
women relative to men, net of other factors. Secondly, and in contrast to the prediction
above, we predict that there is an inconsistent or non-significant relationship between
drought and total HIV prevalence in less-developed countries, net of other economic,
social, political, and cultural factors.

Methods

To test the relationships between drought and HIV prevalence and drought and
women’s proportion of HIV cases, we employ OLS (ordinary least squares) regression.
OLS regression facilitates transparent hypothesis testing, enabling us to examine the
significance of suffering from drought while controlling for other known predictors of
HIV. In order to facilitate rigorous hypothesis testing, we include a diverse set of
control variables that reflect some of the most common economic, social, political, and
cultural predictors used in cross-national HIV/AIDS and health research.

OLS regression represents an important foundational technique that is a good
starting point for this line of research, as examining the relationship between drought
and HIV/AIDS cross-nationally represents a new course of inquiry. Indeed, a number
of cross-national studies utilize OLS regression methods, especially in HIV research
(e.g. Austin et al. 2017; Austin and Noble 2014; Burroway 2012; Shircliff and Shandra
2011). To analyze the data, we use the statistical program STATA. In addition to
conducting the regression analyses, we also preformed appropriate diagnostic functions
for testing adherence to OLS regression assumptions.*

One of the most important concerns in OLS regression, especially when using
relatively small samples of country-level data, is multicollinearity (e.g., Allison
1999). In order to limit the impacts of multicollinearity in the models, where indepen-
dent variables highly correlate with each other, we pay close attention to the variance
inflation factors (VIFs) and carefully construct models by including several baseline
predictors, and then we add additional predictors one at a time. We note the VIFs for
each indicator within each regression model in the results presented below. Not
surprisingly, the VIFs are highest for the women’s status measures, such as female
use of contraceptives and female secondary school enrollments, but are still largely
within acceptable range.” Furthermore, statisticians identify that multicollinearity is

4 We employed a number of diagnostic tests, including Cook’s D, Breush-Pagan, and modified White’s tests
to examine potential patterns in heteroscedasticity, the existence of outliers, etc.

5 We follow Paul Allison (2012), where he conservatively recommends concerns over multicollinearity when
individual VIFs exceed 2.5.
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most problematic when it involves the key independent variable (e.g., Allison 1999,
2012). In the results presented below, the VIFs for the key independent variable,
percent affected by drought, across the models are very low and do not suggest issues
with multicollinearity.

Another potential weakness of this study involves the use of a cross-sectional
design. However, reliable and expansive longitudinal data on a variety of indicators
used, including key control variables such as the number of trained health workers,
contraceptive use, and female secondary schooling, are not available over multiple time
points with consistency. Importantly, the agencies that collect and publish cross-
national HIV estimates explicitly caution against the use of the data in longitudinal
studies, as the methods to calculate HIV and AIDS prevalence have changed over time
(UNAIDS 2014).

To improve conditions of causality and address the unique nature of HIV, the
variables are time-ordered, where the independent variables are measured in time
before the dependent variables. Specifically, we measure droughts from 2008 to 2012
as an average over a S-year period to avoid any idiosyncrasies from a single bad
drought event in a given year. The other independent variables, or control variables, are
measured for the year 2010. The HIV prevalence and women’s proportion of HIV cases
outcome variables are measured for the year 2014 in order to take into account the time
lag between contracting HIV and detecting infection, which can be several months or
years in poor nations.’

Sample

The sample includes all less-developed countries for which data are available across all
indicators used in the analyses. Due to the focus on themes related to gender and the
environment, we restrict our sample to less-developed countries where these factors are
most salient. Less-developed countries are defined as countries falling within the lower
three quartiles of the World Bank income classification of countries, which is based on
per capita GDP for the year 2014 (World Bank 2018). In total, the sample consists of
69 less-developed nations; however, four nations have missing data on the number of
health workers; thus, the models including this variable are restricted to 65 cases.’ The
countries included in the sample are noted in Table 1.

Key dependent variables

Total HIV prevalence is the percentage of the population ages 15-49 who are infected
with HIV. HIV prevalence rates reflect the rate of HIV infection in each country’s
population. These data are originally from the Joint United Nations Programme on
HIV/AIDS (UNAIDS), but were collected from the World Bank (2018). This variable
was log-transformed to reduce the influence of extreme outliers.

® We also considered other time-lags (e.g., 4-8-year lags) used in prior research and obtained consistent
results.

7 We also tested all models using the complete sample of 65 cases. The results were entirely consistent with
those presented here. However, we prefer to present models on as many cases as possible; thus, we retained all
69 cases in the sample and only have a reduced sample size for those models including number of trained
health workers.
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Table 1 Nations included in this analysis (N=69)

Afghanistan Costa Rica Liberia Rwanda
Algeria Céte d’Ivoire Macedonia, FYR Senegal
Armenia Dominican Republic Madagascar Serbia
Bangladesh Egypt, Arab Rep. Malawi Sierra Leone
Belize El Salvador Mali Sri Lanka
Benin Ethiopia Mauritania Sudan
Bhutan Gambia, The Moldova Swaziland
Bolivia Georgia Morocco Tajikistan
Burkina Faso Guatemala Mozambique Tanzania
Burundi* Guinea Nepal Thailand
Cabo Verde Guyana Nicaragua Togo
Cambodia Honduras Niger Tunisia
Cameroon Indonesia Nigeria Uganda
Central African Rep. Jamaica Pakistan Uzbekistan
Chad Kenya Papua New Guinea Yemen, Rep.
Colombia Kyrgyz Republic Paraguay

Congo, Dem. Rep.* Lao PDR Peru

Congo, Rep. Lesotho* Philippines*

*Represents countries where there are no data available for “trained health workers” variable, thus these
nations are not included in analyses including “trained health workers” as a predictor

Women’s proportion of the population living with HIV represents women’s propor-
tion of the population ages 15-49 living with HIV relative to men, expressed as a
percentage. These data were obtained from the World Bank (2018), based on data
originally published by the Joint United Nations Programme on HIV/AIDS or
UNAIDS. As current trends emphasize the rising HIV burden among women relative
to men (e.g., Mojola 2014), we utilize this measure to explicitly examine the relative
burden of HIV among females relative to males, cross-nationally. Measuring the
distribution of HIV cases by gender is more appropriate in considering the ecofeminist
themes explored above which emphasize the disproportionate impact of environmental
decline on women.®

Independent variables

Suffering from drought, or the percent of the population affected by drought, represents
the key independent variable in this analysis. The data used to measure the percent

& We also considered analyses predicting female HIV prevalence. However, these models did not yield any
interesting or new results. Austin and Noble (2014) provide a clear discussion and analysis of women’s HIV
prevalence versus women’s proportion of HIV cases, demonstrating that total prevalence and female preva-
lence of HIV are correlated at 0.99 in cross-national data and that analyses of female prevalence rates do not
appropriately capture the drivers of women’s disproportionate vulnerability to HIV/AIDS. We also utilized
data on female HIV prevalence and found consistent results with those presented here for total HIV
prevalence. We focused our analyses to presenting the findings for total HIV prevalence and women’s
proportion of the population living with HIV for parsimony and to more succinctly demonstrate environmental
change as a gendered health issue.
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affected by drought are from the EM-DAT Database, which defines “affected by” as
“people requiring immediate assistance during a period of emergency, i.e. requiring
basic survival needs such as food, water, shelter, sanitation and immediate medical
assistance” (EM-DAT 2015).

Because the frequency and magnitude of droughts and other disasters can vary
widely from year to year, we calculate an average percentage of the population affected
by droughts over a 5-year window, from the years 2008 to 2012. This date range was
used to capture a decently wide breadth of time, but to also to be recent enough to be
relatable to current HIV data.’ To reach this average, we first divided the number of
people affected by droughts in each country by that country’s population for every year
spanning from 2008 to 2012. Then, we averaged the affected rate, to yield the average
percentage of the population affected by droughts from 2008 to 2012. For many cases
included in our sample, no droughts were reported for any of the years under investi-
gation, signifying that no major drought was recorded in that country over the entire
time span. These nations were coded with a 0 for the drought measure.

Levels of economic development are important to control for in any cross-national analysis.
Traditionally, gains in GDP per capita are expected to be correlated with reductions in disease.
We measure the level of economic development by using data on the gross domestic product
(GDP) per capita. GDP per capita is the total market value of all final goods and services
produced in a country in a given year, equal to total consumer, investment, and government
spending, divided by the mid-year population. It is converted into current international dollars
using purchasing power parity (PPP) rates, which provides a standard measure allowing for
cross-country comparisons of real price levels (World Bank 2018).

We control for a number of additional variables, including those found to be
important in prior cross-national studies of women’s HIV. Women’s use of contracep-
tives is imperative to consider, as some methods of contraception, such as condoms, can
directly protect against HIV transmission. Even if alternative forms of contraceptives
are captured in this measure, such as the use of oral contraceptives, use of any
contraception speaks to high levels of reproductive autonomy or empowerment that
could protect women against HIV transmission in other ways. The contraceptive use
rate is the percentage of women ages 15-49 who are practicing, or whose sexual
partners are practicing, any form of contraception (World Bank 2018).

We also examine the influence of secondary school enrollments for women. We utilize a
gross enrollment ratio, which refers to the ratio of female educational enrollment regardless
of age, to the female population of the age group corresponding to secondary level education
(World Bank 2018). Women’s participation in education is a well-researched indicator of
women’s health and empowerment, and a number of studies make explicit links between
female participation in secondary level education and women’s HIV rates (e.g., Austin and
Noble 2014; Burroway 2010). Education can provide women with ideas on negotiating safe
sex and delaying marriage by refocusing young women’s goals on future aspirations outside
of the home. Educated women are also more able to make healthcare-related decisions that
protect their reproductive and sexual health (e.g., Heimer 2007).

? We also tried additional time windows when calculating the droughts measure, ranging from 3 to 15 years.
The impacts of droughts on women’s proportion of the population living with HIV and total HIV prevalence
were overwhelmingly consistent with the results presented here regardless of the timespan used to measure the
variable.
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Certainly, susceptibility to HIV can be greatly influenced by accessibility to
healthcare resources. We measure the number of trained health workers using data
from the World Bank (2018) on the number of physicians per 100,000 people. This
measure includes nurses, midwives, generalists, and specialist practitioners. We also
consider the role of health spending by including total health expenditures as a percent
of GDP (World Bank 2018). We carefully include both of these measures as, while it is
common to consider health expenditures in cross-national analyses, health expenditures
are utilized for all types of health provisions, including those for surgeries, treatments
for chronic diseases, and specialty equipment, which have no impact on diseases like
HIV. Thus, it is important to take into account the more proximate health resources
might promote HIV prevention, especially for women, such as trained health workers.

We include a measure of democracy, obtained from the Freedom House’s political
rights and civil liberties index (Freedom House 2011). Civil liberties and political rights
are measured using a 7-point ordinal scale ranging from 1 (most free) to 7 (least free),
and an average is used to create a single measure of democracy with a range from 1 to
7. The measure is coded such that higher scores represent higher levels of democracy.
Cross-national research often finds that more democratic nations have better health
outcomes, including lower HIV rates among women (e.g., Shircliff and Shandra 2011).

Percent urban and external debt stocks represent other common control variables in cross-
national analysis of human well-being. Percent urban refers to the percentage of the
population living in urban (non-rural) areas (World Bank 2018). External debt stocks are
the total external debt stocks as a proportion of the gross national income (GNI). Total
external debt is the sum of public, publicly guaranteed, and private nonguaranteed long-term
debt, use of IMF credit, and short-term debt (World Bank 2018). Urbanization is often
associated with increases in development and well-being, while foreign debt is commonly
associated with decreases in health (e.g., Maynard and Ong 2016).

We also control for percent Muslim and location in Sub-Saharan Africa in the
analysis. Percent Muslim refers to the percentage of the national population that
identifies Islam as their religious affiliation. This measure was obtained from the Pew
Research Center’s World Muslim Population by Region and Country. Previous com-
parative studies demonstrate that nations with large Muslim populations tend to have
lower HIV prevalence (e.g., Gray 2004; McIntosh and Thomas 2004). This relationship
between Muslim populations and lower HIV prevalence may be due to strict religious
tenets dictating conservative sexual norms, such as emphasizing abstinence before
marriage and condemning extramarital sex (Gray 2004; McIntosh and Thomas
2004). Sub-Saharan Africa measures whether a country is located in the Sub-Saharan
region of Africa. A value of “1” indicates that the country is located in Sub-Saharan
Africa, while a “0” reflects non-Sub-Saharan African status. A number of reports
document the increased burden of HIV among people, and especially women, in
Sub-Saharan Africa (UNAIDS 2014; WHO 2018); thus, we expect nations located in
this region to have a higher HIV burden among women relative to men and higher total
prevalence rates.'”

19 We also tested models with additional control variables related to women’s empowerment, including
fertility rates, the percent of births attended by trained health staff, female primary school enrollments, and
the Gender Inequality Index. These models were excluded from the main results for the sake of parsimony, but
they are available in the Appendix Table 5.
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Results

Table 2 displays the correlation matrix and univariate statistics for all of the
variables used in the regression analyses. Of particular interest, the percent
affected by drought has a moderate association with women’s proportion of the
population living with HIV (0.38) and a weaker association with total HIV
prevalence (0.22).

Table 3 first presents the regression results assessing the impacts of suffering
from drought on the total HIV prevalence rate (In), and Table 4 presents the
regression results assessing the impacts of suffering from drought on women’s
proportion of the population living with HIV. In addition to drought, we include
as baseline predictors GDP per capita, percent Muslim, and female contraceptives
across all the models presented. Our baseline predictors are chosen based on
relevance in prior analyses focused on women’s HIV and conventional practices
in cross-national studies of including a control for level of economic development.
Models 2—-8 explore the effects of additional known predictors of HIV and health
outcomes in developing nations. Additional variables are added one at a time in
subsequent models to avoid complications due to multicollinearity. A more satu-
rated model is also presented in model 9 in Tables 3 and 4, including all baseline
predictors and any statistically significant predictors from prior models for each
set of analyses respectively.

Looking first at the regression results presented in Table 3 for HIV prevalence, we
find that the percent of the population affected by droughts has an inconsistent impact
on total HIV prevalence in less-developed nations. In model 1, the baseline model,
suffering from droughts is significantly and positively associated with total HIV
prevalence, net of the effect of GDP per capita, percent Muslim, and contraceptive
use. Percent Muslim is also statistically significant in model 1, as well as in models 2—7
with the addition of supplementary control variables. Percent Muslim is non-significant
in predicting HIV prevalence in models 8 and 9 once the Sub-Saharan African dummy
indicator is introduced.

Model 2 of Table 3 adds female secondary school enrollments to the baseline
predictors and is non-significant. The importance of droughts is also attenuated in this
model. Models 3—7 introduce controls for trained medical staff, health expenditures,
percent urban, democracy, and external debt. Results shown in model 3 illustrate that
trained medical staff approaches conventional statistical significance standards, where
more medical workers are associated with declines in HIV prevalence across less-
developed countries. However, none of the other new predictors in models 4-7 are
important in predicting HIV prevalence, net of the influence of the baseline indicators.
In these models, the relevance of suffering from droughts on HIV prevalence oscillates,
non-significant in the models including trained health workers and percent urban, but
statistically significant in others.

Model 8 of Table 3 includes a predictor for location in Sub-Saharan Africa.''
The effects of location in Sub-Saharan Africa are robust, indicating that nations in

" In early models, we also tested for the influence of the other key macro-regions represented by the countries
in the sample, including Latin America and Southeast Asia. However, the dummy indicators for these two
regions were non-significant.
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this region tend to have higher levels of HIV prevalence in comparison to other
world regions. In model 8, as well as model 9, the more saturated model, the Sub-
Saharan Africa indicator is the only statistically significant predictor of HIV
prevalence. The R? across the models in Table 3 are relatively low, with only
around 20-35% of the variation in HIV rates explained by the predictors included.
Moreover, the inconsistent effects of suffering from drought on HIV prevalence
suggests that drought is not very robust in predicting differences in total HIV
prevalence rates across less-developed nations.

In contrast, the results presented in Table 4 exemplify the importance of
droughts in creating gendered vulnerabilities to HIV. The regression results
depicted in Table 4 demonstrate that suffering from drought contributes positively
the proportion of HIV cases among women relative to men in less-developed
nations. Across all models (1-9) in Table 4, the percentage of the population
impacted by drought remains significant and robust in predicting women’s per-
centage of population living with HIV, net of other factors. In addition to the
consistent relationship of suffering from drought, we find that percent Muslim and
female contraceptive use have stable and significant impacts on women’s propor-
tion of the population living with HIV, net of other factors. More specifically, we
find that less-developed countries with larger Muslim populations and higher
levels of contraceptive use tend to have a lower proportion of women living with
HIV, as expected. Across all models, we find no significant association between
GDP per capita and women’s percentage of population living with HIV in
developing countries.

Models 2 and 3, respectively, demonstrate the importance of female secondary
schooling and number of trained health workers, net of the baseline predictors, in
predicting women’s percentage the of population living with HIV in the expected
direction. Model 4 considers health expenditures as a percent of GDP, but the results
suggest that health spending has no significant impact on women’s vulnerability to
HIV. Likewise, models 5, 6, and 7, respectively, consider the influence of percent
urban, democracy, and external debt stocks. None of these variables are found to have a
significant association with women’s percentage the of population living with HIV, net
of the influence of drought, GDP per capita, percent Muslim, and contraceptive use.
Model 8 tests location in Sub-Saharan Africa on the female HIV burden. The findings
presented in model 8 demonstrate that Sub-Saharan African nations tend to have higher
proportions of women living with HIV, net of the impact of droughts and the other
baseline predictors.

Model 9 represents a more saturated model, including all baseline predictors
and the statistically significant predictors from prior models. Specifically, this
model tests the impacts of percent affected by drought, GDP per capita, percent
Muslim, female contraceptive use, female secondary schooling, number of health
workers, and location in Sub-Saharan Africa on women’s percentage the of
population living with HIV. In this model, the associations involving percent
affected by drought, percent Muslim, contraceptive use, and number of health
workers on women’s HIV remain significant.

Overall, the results presented in Table 4 suggest the importance of suffering
from drought in increasing the proportion of women living with HIV in develop-
ing nations. Also, the R? estimates across the models in Table 4 range from 0.52 to
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0.63, suggesting that a notable portion of the cross-national variation in women’s
percentage of the population living with HIV is explained by the variables
considered in this analysis. In considering the findings presented across Tables 3
and 4, suffering from drought appears to represent a notable factor in explaining
women’s unique vulnerability to HIV, but not necessarily in accounting for
differences in total HIV prevalence across less-developed countries.

Conclusion

Climate-related disasters are an under-examined force potentially impacting
women’s HIV burden in less-developed countries. Droughts continue to increase
in number and intensity because of climate change, and poor nations are in the
weakest position to be able to manage the catastrophic impacts of these events
(Guha-Sapir 2012; UNDP 2016). As the HIV burden grows larger among women
in less-developed countries, it is necessary to take a holistic approach to examine
all possible contributing factors. Our research makes an important contribution by
considering the effects of droughts on the exacerbation of gendered inequalities in
health and well-being.

Generally used as a theoretical base in non-quantitative research (e.g., Eaton
and Lorentzen 2003; Gaard 2011; Mies 1998; Mies and Shiva 1993; Rocheleau
et al. 1996), ecofeminism represents a relatively new contribution to comparative,
cross-national research. Highlighting the shared systemic oppression of women
and nature, ecofeminist perspectives posit that women and nature are closely
connected. Environmental changes and resource scarcity resulting from climate-
related disasters, therefore, yield alarming impacts on women’s health. This close
link between women and the environment must be considered when examining
vulnerabilities to HIV.

Our results clearly demonstrate that suffering from environmental decline is a
gendered issue. While droughts have an inconsistent and relatively modest impact on
HIV prevalence in less-developed nations, we find a robust, consistent statistically
significant relationship between droughts and women’s proportion of the population
living with HIV in less-developed countries, net of other factors. The findings empha-
sizing the unique vulnerabilities of women suggest a range of possible mechanisms
linking suffering from drought to women’s HIV which we explore in prior literature,
such as transactional sex and displacement. In addition to the importance of droughts in
contributing specifically to women’s health declines, our results demonstrate that,
generally, factors related to women’s status, including contraceptive use and secondary
schooling, were more important in models predicting women’s proportion of the
population living with HIV than in models predicting HIV prevalence. As the women’s
proportion outcome accurately captures the distribution of HIV cases between women
and men, it makes sense for these indicators capturing elements of women’s status to be
more relevant in models predicting women’s percentage of the population living with
HIV.

Unlike the findings for contraceptive use and female secondary schooling,
results for the healthcare resource measures were fairly consistent across the two
HIV outcome measures. While the results suggest that countries with a larger
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number of trained medical staff are likely to have a lower proportion of women
with HIV and lower rates of HIV prevalence, importantly, we find no significant
relationships involving health expenditures. Comparing these findings suggests
that using health funding for actual health workers, rather than specialty equip-
ment or expensive interventions for complicated diseases, is most important in
mitigating HIV in less-developed nations.

We also find a number of non-significant relationships involving other common
indicators, such as GDP per capita, percent urban, and democracy. In many ways, our
findings fit with prior research which finds inconsistent results for conventional
development measures, such as GDP per capita. As an increasing number of studies
find that, despite overall gains in economic growth, urbanization, and voting rights,
gains in human well-being in less-developed nations, especially among the most
vulnerable, remain modest. Thus, economic growth and development are not automatic
in improving health; gains must be channeled into appropriate public resources and
opportunities for women, including into increasing the number of medical workers,
reproductive health resources, and education access, to be effective in mitigating
disease vulnerabilities.

We acknowledge that our study has limitations. Overall, our sample size is
relatively small. Our sample includes the maximum number of cases possible
given the data available, but this still provided some notable constraints. A second
limitation of our research strategy is the potential of multicollinearity, involving
high correlations among many of the control variables. To address this, when
conducting the regressions, we paid close attention to the VIFs and constructed the
models carefully by adding one additional control variable at a time to the baseline
predictors. However, we also included a more saturated model for each outcome
to demonstrate that our results involving drought and HIV vulnerabilities are not
driven by these strategies.

Another limitation involves our inability to test the mechanisms we speculate
underlie the positive association between drought and the proportion of women
living with HIV in less-developed nations. Indeed, a common weakness in all
cross-national studies is a lack of attention to or explanation of the exact mech-
anisms by which many of the larger relationships take place. For example, risky
sexual behaviors cannot be controlled for in a cross-national analysis of this type
but are likely to be an implicit mechanism linking drought to women’s HIV
vulnerability. At a comparative level, factors such as hunger or lack of access to
clean water represent some mechanisms that could be captured to speak to some
motivations for risky sexual behaviors. However, constraints in sample size and
modeling prevented the use of relevant interaction terms involving these measures.
We maintain that the goal of our research is to represent an important
introductory-level exploration into these phenomena which we hope will be
further expanded on with more sophisticated, complicated methods and data that
are better suited to test for potential mediating relationships, whether at the
individual or country-level.

Despite not being able to test for specific mechanisms linking droughts to HIV
vulnerability, it is still useful to draw on the rich evidence emerging from qualitative,
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ethnographic, and case-study research in this vein to inform our understanding of the
potential connection between suffering from drought and women’s distinct vulnerabil-
ity to HIV. A strength in our approach is in identifying the environment as an upstream
cause or structural condition that could foster risky circumstances or coping strategies
across populations. While several individual-level studies suggest the importance of
disasters and environmental decline in creating vulnerabilities for women, here we
demonstrate that linkages between drought and women’s HIV have generalizability
across less-developed nations.

Finally, our study lacks in intersectional dimensions inherent in contemporary
ecofeminist approaches. The difficulty in methodologically incorporating
intersectionality, particularly in quantitative, cross-national studies, is well-
acknowledged (Hankivsky 2012; McCall 2005). In this study, we have made an
initial step towards intersectionality in emphasizing how the impact of drought is
especially prominent in relation to women’s HIV burden in less-developed coun-
tries. We acknowledge, however, that women in less-developed nations are not a
monolithic group, as evidenced in existing intersectional research (Denton 2002;
Harlan et al. 2015). Future qualitative research has the capacity to further examine
the relationship between drought and women’s health that we have established
here, highlighting the multiplicity of experiences by poverty, race, age, religious
status, and/or disability.

Currently, there are large-scale efforts to address and mitigate the increasing fre-
quency and severity of droughts in less-developed countries. For example, the United
Nations Development Programme (UNDP) is conducting efforts to build resilience in
the wake of climate change and increased disaster risk ( 2016). The UNDP has invested
$1.7 billion in disaster risk reduction and recovery in less-developed nations (UNDP
2016). This organization incorporates gender equality into their disaster mitigation and
resilience efforts (UNDP 2016). Through this program, women are involved in key
disaster risk reduction initiatives, including contingency planning and long-term recov-
ery. The UNDP also cites women’s access to land, water, forests, housing, and other
assets as critical to their efforts (UNDP 2016). Nevertheless, climate-related disasters
are still increasing over time, and women remain most vulnerable to their effects.
Because women in less-developed nations generally hold the ascribed expectation of
family caretaker, other policy recommendations must be focused on promoting gender
equality inside and outside of the home.

From 2001 to 2010, droughts only represented 13% of African climate-related
disasters (Guha-Sapir 2012); however, 80% of populations affected by climate-
related disasters, overall, in Africa were affected by droughts. Thus, despite being
more infrequent, droughts affect larger populations for longer periods of time. Women
of reproductive age in developing nations most vulnerable to climate-related disasters
are the fastest-growing population becoming infected with HIV (WHO 2018). Accord-
ingly, there is an obvious need to explore the crucial link between climate change,
disasters, and women’s acute vulnerability to disease. Environment and disaster-related
dimensions of women’s health are often overlooked in research. It is our hope that this
work contributes to efforts exposing the link between global environmental change and
women’s health in less-developed countries.
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