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Abstract

Climate change and modern slavery are two of the most significant human rights crises
of our time. Women and children are disproportionately vulnerable to such crises, which
are intensified under inequitable social conditions and driven by structural barriers to
female equality. No research has yet looked at the complex relationship between climate
crisis, structural gender inequality, human insecurity, and vulnerability to modern slavery.
Our research examined the relationship between environmental stressors associated with
climate change, selected structural inequalities, and the estimated prevalence of modern
slavery cases across 180 countries. Regression analysis revealed significant results. These
findings suggest that indicators of poor environmental health may exacerbate structural
social inequalities and increase women’s risk of falling victim to modern slavery. Results
showed that women’s share of seats in parliament, education for women, tree cover loss,
agricultural management, and air quality assumed more substantial roles in this prediction.
Awareness of the unique relationship between environmental indicators of climate change,
gender inequality, and modern slavery provides a meaningful contribution to our under-
standing of factors driving human exploitation. Additionally, we propose a gender analysis
of environmental stressors to address both the climate crisis and structural inequalities that
increases female vulnerability to insecurity.

Keywords Human trafficking - Gender inequality - Modern slavery - Climate crisis -
Human rights - Environmental performance index

The physical and psychological consequences of environmental crises and human exploi-
tation disproportionately affect women, children, and economically disadvantaged indi-
viduals, resulting in profound social injustices that directly threaten the human rights and
equity of the world’s most vulnerable populations (Center for International Environmental
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Law 2011; Human Rights and Equal Opportunity Commission 2008; United Nations
Office of the High Commissioner for Human Rights 2014). The loss of food security,
shelter, and personal safety frequently associated with waning environmental health and
ecological vitality threaten the fundamental human rights embodied in the Universal Dec-
laration of Human Rights (UDHR) (United Nations, 1948).

In accordance with the UDHR, all humans are inherently deserving of security and
a standard of living suitable for health and well-being. An acceptable standard of living includes
the right to adequate nutrition, clothing, housing, and medical care (United Nations, 1948).
The consequences of environmental destruction additionally infringe on the economic,
social, and cultural rights dictated by the International Covenant on Economic, Social, and
Cultural rights, including the right of self-determination; the right to pursue economic,
social, and cultural development; the right to “the highest attainable standard of physical
and mental health”; and the right to education (The United Nations General Assembly
[UNGA], 1966). From a constitutional standpoint, 118 nations globally maintain the right to a
healthy environment in various articulations (Kravchenko, 2008).

Climate Crisis as a Global Crisis

Climate crisis refers to the devastating consequences of climate change driven by fail-
ing environmental health and ecosystem vitality faced by the world today. Described in
2018 by United Nations’ Sec retary-General Anténio Guterres as “the defining crisis of
our time,” declining environmental health and ecosystem vitality represents a transna-
tional threat impacting every corner—and every citizen—of the world (United Nations
Secretary-General 2018). The Lancet Countdown on health and climate change has warned
that “a rapidly changing climate has dire implications for every aspect of human
life, exposing vulnerable populations to extremes of weather, altering patterns of infectious
disease, and compromising food security, safe drinking water, and clean air” (Watts et al.,
2018). Direly, in the 2019 Global Environment Outlook, the United Nations reported that
“nearly one-quarter of all deaths globally in 2012 could be attributed to modifiable envi-
ronmental risks, with a greater portion occurring in populations in a vulnerable situation”
(United Nations Environment, 2019, p. 22). Additionally, the World Health Organization
(WHO) correspondingly states that 23% of all deaths in 2012, representing 12.6 million
people, were the result of living or working in an unhealthy environment (WHO 2016).
Further, research indicates that diverse environmental indicators, including anthropogenic
effects such as climate change, have significantly contributed to the global human disease
burden (Priiss-Ustiin et al., 2017).

Environmental Indicators of Climate Crises

The most readily observable consequences of environmental effects on human health
are evident in changes in the composition of the atmosphere, the growing accumulation
of greenhouse gases, and the effects such changes have on bodies of land, ocean, and ice
(World Meteorological Organization 2020). One measurement used for ascertaining envi-
ronmental health and ecosystem vitality is the 2018 Environmental Performance Index
(EPI, Wendling et al. 2018). Developed by researchers at Yale and Columbia universi-
ties and the World Economic Forum, the EPI is used to assesses environmental sustain-
ability and policy and ranks 180 countries on 24 performance indicators across ten issues
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categories: air quality; water and sanitation; heavy metals; biodiversity and habitat; forests;
fisheries; climate and energy; air pollution; water resources; and agriculture (Wendling
et al. 2018). The 10 issue categories evaluated by the EPI represent environmental stress-
ors associated with climate change with researchers noting that countries with lower EPI
scores are often those that also experience problems such as weak governance and civil
unrest (Wendling et al. 2020). The EPI 2018 also indicates that air quality is currently the
most significant environmental threat to public health (Wendling et al. 2020).

Climate Crisis, Human Insecurity and Displacement

Equally as important as the environmental consequences of climate crisis are the social
consequences of climate crisis. Alterations in global weather patterns, including chang-
ing rainfall patterns and the increasing emergence of extreme weather events, continue to
adversely affect food and habitation security (World Meteorological Association 2020).
Rising global temperatures and variability in seasonal rains increasingly contribute to
the loss and damage of agricultural lands and crop yields worldwide (Shukla et al. 2019).
Between 2006 and 2016 alone, an estimated 26% of the economic costs of climate-related
disasters incurred in developing countries were the result of loss or damage of agricul-
ture, primarily in the forms of crops and livestock. Further, climate variability and weather
extremes have been shown to be both leading drivers and compounding factors in the recent
rise in global hunger (Food and Agriculture Organization of the United Nations 2019).

In addition to driving food shortages and fueling an impending severe global hunger
crisis, natural disasters and extreme weather events are responsible for the displacement
of millions of individuals. In 2019 alone, more than 23.9 million people were displaced as
the result of nearly 1,900 weather-related disasters occurring across 140 countries and ter-
ritories (Internal Displacement Monitoring Center 2020). The scope and severity of 2019
weather-related displacements are borne out in the statistics: 3.4 million new displacements
in Sub-Saharan Africa in response to cyclones Idai and Kenneth and widespread flooding;
9.6 million new displacements in East Asia and the Pacific as a result of monsoons and
typhoons; 631,000 new disaster displacements in the Middle East and North Africa; 9.5
million new displacements in South Asia due to floods, monsoons, and cyclones Fani and
Bulbul; and 1.5 million new displacements in North and South America primarily due to
flooding (Internal Displacement Monitoring Center 2020).

Although most individuals displaced as a result of climate and disaster-related events
remain within their country of origin, displacement across borders is also a common
occurrence (Thompson 2019). International displacement, sometimes referred to as forced
or involuntary migration, may be one of the few options available to displaced individu-
als, particularly if the reason for displacement affects an entire country or other large geo-
graphical areas (Thompson 2019). A recent example of international displacement can be
witnessed in the thousands of Somali refugees who have fled to Ethiopia in response to the
loss of crops, livestock die-offs, and famine induced by severe drought (Nguyen 2019).

Environmental Crises and Human Exploitation

Be it international or intranational, both forced and voluntary migration are frequently
associated with environmental changes and interrelated with conflict and violence (Berle-
mann and Steinhardt, 2017; Thompson 2019). While displaced individuals of all genders
are at increased risk of victimization, migrant women and girls, in particular, are frequently
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the target of violence, harassment, sexual abuse, and sexual and labor exploitation (Banford
and Froude 2015; Beneria et al. 2012; Danailova-Trainor and Laczko, 2010; Nobre et al.,
2019). Women and girls often suffer most in temporary housing, lacking proper infrastruc-
ture (Nobre et al. 2019). Unsafe living environments, such as those characteristic of refugee
camps, “tent cities,” and transitory settlements, place women and girls at greater risk of
being victimized by human traffickers (United Nations 2016).

The United Nations defines human trafficking as “the recruitment, transportation,
transfer, harboring, or receipt of persons by improper means (such as force, abduction,
fraud, or coercion) for an improper purpose including forced labor or sexual exploitation”
(United Nations Office on Drugs and Crimes [UNODC] 2016a). While there is no
universally acknowledged definition, “trafficking in persons,” “human trafficking,” and
“modern slavery” are umbrella terms used to refer to all forms of coerced exploitation,
including sex trafficking, forced organ donation, forced marriage, and all forms of
compelled labor (Craig et al. 2019; Walk Free Foundation [WFF] 2018). These terms will
be used interchangeably throughout this manuscript.

Human trafficking is a global human rights crisis, with an estimated 40.3 million victims
worldwide (International Labour Organization 2018; WFF 2018). Of these 40.3 million
victims, 23.8 million are victims of sexual trafficking, and 14.9 million are exploited via
non-sexual forced labor or domestic servitude (UNODC 2018a). Women and girls con-
stitute a disproportionate majority of all trafficking victims (71%) and an overwhelming
majority (99%) of sex trafficking victims (UNODC, 2018a; WFF 2018).

Human Trafficking as a Human Rights Crisis

Victims of human trafficking suffer severe physical and psychological consequences due to
the prolonged and interpersonal nature of the abuse, such as complex posttraumatic stress
disorder, dissociation, shame, and stigma (Hossain et al. 2010; Iglesia-Rios et al. 2018;
Jina and Thomas 2013; Katona et al. 2015; Meng et al. 2016; Oram et al. 2012). The act of
human trafficking itself, as well as the consequences borne of the act, violate the fundamen-
tal human rights embodied in the UDHR, such as the right to freedom from slavery and ser-
vitude, and the right to safety and security (United Nations Office of the High Commissioner
for Human Rights 2014; United Nations,1948). Specifically, the UDHR affirms, “no one
shall be held in slavery or servitude; slavery and the slave trade shall be prohibited in all
their forms” (United Nations, 1948). As human rights are universal, all victims of trafficking
are entitled to the full breadth of fundamental human rights and protections set forth by the
United Nations and upheld by international law, regardless of sex, gender, age, race, ethnic-
ity, nationality, citizenship, migratory status, or other distinction. By this definition alone,
modern slavery, like climate change, is a global human rights crisis demanding the imme-
diate attention of all governing bodies.

Climate Crises and Structural Gender Inequality

Environmental risk factors are further compounded by economic stressors and social ineq-
uities that traditionally place women in the line of violence and exploitation. Environmen-
tal stressors that lead to a scarcity of resources, such as loss of crop yields and livestock,
and prompt migration are known correlates of increased rates of physical violence and
adverse health outcomes (Banford and Froude 2015; McMichael, 2015; Memon, 2020;
Otto et al., 2017; Rezaeian, 2013). Similarly, a substantial body of research has provided
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strong evidence that poverty and economic migration are foundational push factors for
human trafficking (Aronowitz 2009; Cameron and Newman 2008; Cameron et al. 2019b;
Cho 2015; David et al., 2019; Gjermeni et al. 2008; Noyori-Corbett and Moxley 2016;
Rao and Prestini 2012; United Nations Children’s Fund 2005; World Bank Group 2017).

Climate Change and Gender Inequality

Research has indicated that women are disproportionately vulnerable to human trafficking
and the negative consequences of climate change, both of which are intensified under ineq-
uitable social conditions driving gender inequality (Arora-Jonsson 2011; Enarson 2012;
Cameron et al. 2019b, 2020; Fisher, 2010; Heckenberg and Johnston, 2012; Sidun and Flores
2020; Tomkins et al. 2018; Walby et al. 2016). Structural barriers to female equality include
women’s inability to access resources independently, limited influence on decision-making
processes, unequal educational opportunities, the feminization of poverty, and high rates of
violent gender-based victimization (Cameron et al. 2019b; Enarson 2012; Felten-Biermann
2006; Melo 2019; Okech et al. 2018; Parkinson and Zara 2013; Sety et al. 2014; Sidun and
Flores 2020; True 2016). Also, stereotyped social and cultural roles may prevent women and
girls from learning essential survival skills (Nguyen 2018). Additionally, research indicates
that women are more vulnerable to the effects of climate change than men, especially women
in the global South (Arora-Jonsson 2011), the same region with the lowest scores on the EPI
Index (Wendling et al. 2020).

Additionally, over 88% of the global disease burden attributable to climate change
occurs in children younger than five years of age (Sheffield and Landrigan, 2011). A robust
body of literature documents the detrimental effects of climate change trauma in pediatric
populations, such as increased susceptibility to disease, stunting due to nutritional deficien-
cies, psychological problems, substance use, and sleep disorders (Bartlett 2008; Bunyavan-
ich et al. 2003; Dyregrov et al. 2018; McDermott and Cobham 2012; Perera 2017). As the
majority of responsibility for childcare is assumed by women and girls, particularly those
that are poor and vulnerable, the obligation to care for sick and ailing children falls tradi-
tionally to the mother or other female family member (Samman et al. 2016). As childcare is
both time- and resource-intensive, women and girls burdened with the inequitable division
of care are inhibited from advancing in other areas of their lives. According to the Overseas
Development Institute (Samman et al. 2016), “care responsibilities not only reduce possi-
bilities for female education and inhibit labour force participation, they also affect the types
of jobs women do, how productive they are and how much they earn” (p. 9).

Psychological Consequences of Climate Crises

The psychological consequences of crises are often overlooked in consideration of the
immediate and long-term physical effects of climate change factors and human exploita-
tion. However, the mental health consequences of exposure to diverse traumatic stressors
have been well documented across global populations, highlighting that whether due to
natural or human-made events, psychological responses to trauma are similar (American
Psychological Association 2008; Bonanno et al. 2010; McFarlane and Van Hooff 2014;
Parslow et al. 2006). Further, the environmental factors contributing to climate change are
often anthropogenic and thus can be considered as both natural and human-made.

Extreme weather events and natural disasters can trigger psychological problems such
as posttraumatic stress disorder (PTSD), major depressive disorder, anxiety, depression,
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complicated grief, survivor guilt, vicarious trauma, recovery fatigue, substance abuse,
and suicidal ideation (American Psychological Association 2014; Beaglehole et al. 2018;
Doherty and Clayton 2011; WHO 2015; Willox et al. 2015). Populations that are already
vulnerable and marginalized, frequently women and children, assume the majority burden
of mental and physical health effects of climate-related trauma and stressors (WHO 2015).
Sex and gender differences in the development of psychiatric disorders demonstrate that
women are two to three times more likely to develop PTSD following a traumatic experi-
ence compared to men (American Psychiatric Association 2013; Olff 2017). Similar differ-
ences between genders have also been observed in the development of comorbid disorders
of anxiety disorders and major depression (American Psychiatric Association 2013), sug-
gesting that women may be disproportionately vulnerable to the detrimental psychological
consequences of weather-related disasters and climate-related stressors.

Psychological Consequences of Human Exploitation

In addition to the already-mentioned psychological consequences of climate crises, vic-
tims of human trafficking can face additional, specific effects of trauma (Abas et al. 2013;
Katona et al. 2015; Meng et al. 2016; Zimmerman and Kiss, 2017 ). Unlike severe weather
events or natural disasters, human trafficking has interpersonal intentionality that creates an
additional layer of psychological trauma (Hossain et al. 2010; Iglesia-Rios et al. 2018; Park
2016). For example, complex PTSD can occur after prolonged, repeated experiences of
interpersonal trauma, specifically in a context where the individual has little or no chance
of escape (Abas et al. 2013).

Further, in some countries, the stigma associated with sex trafficking can be reinforced
by legal systems that criminalize prostitution (Contreras et al. 2017). Sex trafficking can
also lead to health outcomes such as HIV/AIDS and substance abuse, which is associated
with further stigma. It is important to note that general risk factors for PTSD include being
female, having a lower education level, and having preexisting mental health conditions
(McFarlane and Van Hooft 2014; Meng et al. 2016; Parslow et al. 2006), all of which are
also commonly seen in victims of exploitative activities such as trafficking.

Study Rationale

Past research has addressed both macro- and micro-level contributors to human trafficking,
with studies indicating that structural inequality and gendered violence against women play
a significant role in increasing women’s vulnerability to trafficking (Bales 2007; Barner
et al. 2014; Cameron et al. 2019a; 2019b; Cho 2015; Heath and Jayachandra 2016; Melo
2019; Okech et al. 2018; Sidun and Flores 2020). Additionally, studies have indicated that
women and girls are disproportionately vulnerable to both human trafficking and the nega-
tive consequences of climate change, which is intensified under inequitable social condi-
tions (Arora-Jonsson 2011; Cameron et al. 2019b; Enarson 2012; Noyori-Corbett and
Moxley et al. 2016; Sidun and Flores 2020; Tomkins et al. 2018). However, no research has
yet looked at the complex relationship between environmental indicators related to climate
change, structural inequality, and human insecurity as evidence of increased vulnerabil-
ity to modern slavery. We posit that there is an important association between the effects
of climate change and structural inequality and the cultural roles assigned to women and
children, which further contributes to complex vulnerability. We hypothesized that specific
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indicators of environmental stressors associated with climate change and structural ine-
quality would be associated with increased vulnerability to modern slavery victimization.

Method

Public archival data sets were used. Indicators of structural inequality were obtained from
the United Nations Development Program (UNDP; (2019b) and the UNODC (2018a). Indi-
cators of climate change were obtained as part of the framework of the 2018 EPI (Wend-
ling et al. 2018). Data regarding the estimated prevalence of modern slavery was obtained
from the 2018 Global Slavery Index (WFF 2018).

Indicators of Structural Gender Inequality

Indicators of structural gender inequality were chosen based on the human rights frame-
work established in the United Nations 2015 Sustainable Development Goals, with specific
consideration given to indicators of extreme poverty and hunger, universal primary educa-
tion, and gender equality and empowerment of women (United Nations Statistics Division
(UNSTATS) 2019). Data for the predictors of structural gender inequality were obtained
from the UNDP (2019b). Five selected structural gender inequality indicators were included
in this study, percentage of women (25 and older) with some secondary education, mean
years of schooling for women, share of seats in parliament for women, labour force par-
ticipation rate for women ages 15 years and above, and estimated gross national income for
women.

Indicators of Environmental Stressors Associated with Climate Change

The EPI (Wendling et al. 2018) is a method of quantifying environmental performance,
defined as environmental health and ecosystem vitality of a state’s policies, and was devel-
oped within the framework of the environmental goals proposed in the United Nations 2015
Sustainable Development Goals (UNSTATS 2019) and the Paris Climate Agreement (United
Nations Framework Convention on Climate Change 2015). The 2018 EPI includes scores for
24 performance indicators across 10 issue categories for 180 countries. All 10 issue catego-
ries were used in our analysis, including air quality, water and sanitation, heavy metals, bio-
diversity and habitat, forests, fisheries, climate and energy, air pollution, water resources, and
agriculture. Issue categories track performance and progress on two broad policy objectives of
environmental health, and ecosystem vitality (Wendling et al. 2018). See Fig. 1 for the specific
variables that comprise the 10 issue categories of the 2018 EPI. Comprehensive information
regarding the 2018 EPI can be found at https://epi.envirocenter.yale.edu/.

Estimated Prevalence of Modern Slavery

The 2018 Global Slavery Index (WFF 2018) provides an estimate of the number of
people currently victimized by modern slavery across 198 countries. Estimates are
comprised of the subestimates of forced labor and forced marriage. Forced labor was
further conceptualized as forced labor occurring in the private economy, forced sex-
ual exploitation, and state-imposed forced labor. A more detailed explanation of how
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The 2018 EPI Framework organizes 24
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Fig.1 The 2018 EPI framework

modern slavery estimates were calculated for the Global Slavery Index 2018 can be
found at https://www.globalslaveryindex.org/about/the-index/.

Procedure

Data sets from the UNODC (2019a), UNDP (2019b), 2018 EPI (Wendling et al. 2018),
and the 2018 Global Slavery Index (WFF 2018) were combined. Regression analysis
with backward removal was used to analyze the predictive ability of specific indica-
tors of structural gender inequality and environmental stressors associated with cli-
mate change in relation to the estimated prevalence of modern slavery victims across
countries.
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Results

A correlation analysis was conducted to examine the relationships between independent
and dependent variables (see Table 1). Regression analysis with backward removal was
used to test the hypothesis and find the best model of indicators of structural gender ine-
quality and environmental stressors associated with climate change that predict the esti-
mated prevalence of modern slavery victims (per 1000 in the population) across countries.
The assumptions of normality, homoscedasticity, linearity, and absence of multicollinearity
were met.

All models were significant at p < 0.001. The full model (F(15, 75) = 4.924, p < 0.001,
adj. R?> = 0.40) contained the ten environmental indicators of water and sanitation, agricul-
ture—sustainable nitrogen management, climate and energy, air quality, forests—tree cover
loss, biodiversity and habitat, heavy metals—lead exposure, water resources—wastewater
treatment, air pollution, and fisheries. The five predictors of structural gender inequality in
the full model were labor force participation rate percentage for females 15+, the share of
seats in parliament for women, percentage of females 25+ with some secondary education,
estimated gross national income per capita females, and mean years schooling females.
This model predicted 40% of the variance in the estimated prevalence of modern slavery
victims across countries. The results of the backward regression analysis for the full model
with t -scores and beta weights can be found in Table 2.

The final model (model 11) achieved the largest effect size, F(1, 84) = 15.581,
p < 0.001, adj. R? = 0.45 and contained three climate change predictors: agriculture—sus-
tainable nitrogen management, air quality, and forests—tree cover loss; and two structural
gender inequality indicators, the share of seats in parliament for women, and percentage of
females 25+ with some secondary education. This set of predictors predicted 45% of the
estimated prevalence of modern slavery across countries. Table 3 represents the predictors
from model 11. Both sets of results were consistent with our hypothesis that specific indi-
cators of structural gender inequality and environmental stressors associated with climate
change would significantly predict the estimated prevalence of modern slavery.

Beta values indicate relationships between variables and compare the strength of the
effect of each individual predictor and the criterion variable. In the full model, the strong-
est beta values of the climate change predictors were tree cover loss (# = 0.41) and air
quality (f = — 0.21), and both were correlated with the estimated prevalence of modern
slavery as predicted. As expected, all of the gender inequality predictors except for labour
force participation rate for women were negatively correlated with the estimated preva-
lence of modern slavery. Labor force participation rate for women was positively correlated
with the estimated prevalence of modern slavery. The beta values of the final and most sig-
nificant model were consistent with the values seen in the full model.

Discussion

We hypothesized that specific indicators of environmental stressors associated with climate
change and structural gender inequality would be associated with increased vulnerability to
modern slavery victimization. While the entire model was significant, certain indicators of
climate change and structural inequality played a larger role than others in predicting the
estimated prevalence of modern slavery victims, such as secondary education for women
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Table 2 Results of the backward regression analysis for the full model

Variables in full model t y/] F df p Adj. R?
Overall model 492 15,75 <0.001 0.40
Climate change indicators

Air quality 035 -0.21

Air pollution - 1.70 0.04

Fisheries -0.67 —0.06

Agriculture 1.90 0.19

Climate and energy 0.60 0.06

Forests 4.02 0.41

Biodiversity and habitat -023 -0.02

Heavy metals -0.04 -0.01

Wastewater resources -0.19 -0.03

Water and sanitation -024 -0.05
Gender inequality indicators

Share of seats in parliament -146 -0.14

% Females 25+ with secondary education —0.43 —0.14

Mean years schooling (females) —-050 -0.16

Est. GNI per capita (females) —-044 -0.08

Labor force participation rate 0.95 0.11

over the age of 25, the number of seats in parliament for women, tree cover loss, agricul-
tural management, and air quality. Additionally, we propose that due to the disproportional
effects of climate change and human exploitation on women and girls, a gender and sex-
based analysis should be a crucial component of all recommendations and interventions
within a human rights-based framework.

Forest Management

The final model identified tree cover loss (f = 0.38) as one of the strongest significant pre-
dictors of modern slavery when considered within the context of the other predictors in the

Table 3 Results of the backward regression analysis for the final model

Variables in the final model t p F daf P Adj.R?
Overall model 15.581 1, 84 < 0.001 0.45
Climate change indicators

Air quality -3.59 —-0.31

Agriculture 2.09 0.19

Forests 451 0.38
Gender inequality indicators

Share of seats in parliament -1.74 —-0.15

% Females 25+ with secondary — 3.56 —0.35

education
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model. This facet of forest management represents a significant human rights issue as for-
ests are integral to human quality of life. About 1.6 billion people worldwide rely on forest
ecosystems as their source of income, and approximately 300 million people live in forests
including more than 60 million indigenous people (Resource Watch, 2020). Further, tree
cover is inextricably linked to key environmental systems that are related to human security
such as the water cycle, soil health, climate, and air quality.

Agricultural Management

The agricultural management predictor (f = 0.19) refers to the sustainable nitrogen man-
agement index, which measures the Euclidean distance from an ideal point with optimal
nitrogen use efficiency (NUE) and crop yield (Oenema et al. 2015; Wendling et al. 2018).
Increasing a plant’s ability to utilize nitrogen efficiently is an important consideration
for environmental sustainability and food security. Unsustainable agricultural practices
are one of the most significant causes of global food scarcity, which has been linked to
forced migration (Morales-Mufioz et al. 2020). According to the United Nations, about
690 million people are undernourished worldwide, and by 2050 that number is expected
to increase by an additional two billion people (Food and Agriculture Organizations of the
United Nations et al., 2019). Additionally, increased food insecurity and threat of wide-
spread famine are being driven by the current COVID-19 pandemic, which has emphasized
existing inequalities and vulnerabilities (Smith and Wesselbaum 2020). While the optimi-
zation of crop production and NUE is a complex problem, greater NUE values are gener-
ally indicative of increased crop yields (Oenema et al. 2015). While a yield increase may
contribute to increased food security, it also drives the need for more labor. An estimated
42% of trafficking victims are trafficked within their country of origin (UNODC 2018a),
and the estimates that there are about 3.5 million people worldwide who currently work
under forced labor conditions in the agricultural industry.

Air Quality

The EPI 2018 air quality predictor (8 = — 0.31) refers to household solid fuels, PM, '
exposure, and PM, 5 exceedance. Household air pollution has been identified as a signif-
icant human factor in the climate crisis, and factors related to household cooking tech-
nology are a major source of household air pollution across the globe (Boyd et al. 2019).
Approximately three billion people continue to depend on solid fuels for cooking and heat-
ing (WHO) including the majority of rural sub-Saharan Africa (Boyd et al. 2019; Pachauri
et al. 2012). Solid fuels are typically utilized with poorly ventilated traditional indoor
cooking and heating methods that use open fires and inefficient stoves, such as with the
traditional Injera baking stove in Ethiopia (Adane et al. 2020). Traditionally, women and
young children experience the highest exposure levels from household air pollution due to
food preparation and household management being customary household roles (Amegah
and Jaakkola, 2016; Pachauri and Rao 2013; Perera 2017, WHO). A human-rights
approach to improving air quality must include innovative solutions for introducing safe,
environmentally sound household cooking and heating options, which will also contribute

! “Particulate matter with an aerodynamic diameter of 2.5 pm or less” (WHO, 2020).
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to reducing vulnerability to exploitation for already marginalized populations across the
globe.

Education for Women

Results indicated that percentage of women (25 and older) with some secondary educa-
tion had an inverse relationship with the estimated prevalence of modern slavery across
countries (f = — 0.146). As established by the United Nations human rights framework,
women’s education is a key indicator of gender parity (UNDP 2016a; UNSD 2019). Gen-
der stereotypes that suggest women are intellectually inferior to men commonly drive the
exclusion of women from traditionally male-dominated fields of study such as science and
technology, as well as other forms of higher education (Razavi & Turquet, 2016). Lack-
ing educational opportunities comparable to their male counterparts, women are frequently
consigned to “unskilled” domestic, household, and childcare work. As a result, women are
over-represented in low or unpaid occupations, placing them at a significant socioeconomic
disadvantage. The feminization of poverty, combined with the hardships and dangers of
displacement and migration, place women at increasingly escalated risk of exploitation
(Cameron et al. 2019a; Melo 2019; Olubukola 2020). Additionally, research has demon-
strated the association between human trafficking and lack of education for women (Cam-
eron et al. 2020).

Share in Seats of Parliament for Women

Results indicated that the share of seats in parliament for women (f = — 0.15) had an
inverse relationship with the estimated prevalence of modern slavery across countries, indi-
cating that the lack of women in critical governing bodies may increase women’s vulner-
ability to trafficking. Studies have noted that political exclusion increases women’s vul-
nerability to adverse experiences overall (Davies and True 2017) and where women have
higher levels of rights and increased representation in government human trafficking laws
are more likely to be enforced (Cho et al. 2014). Further, when women’s participation in
leadership is limited, human rights issues that directly affect females are not as commonly
addressed, which may result in increased victimization by traffickers (Razavi and Turquet
2016). These results were not unexpected and highlight the urgent need for women to
obtain equal rights and representation in decision making at national levels.

Water and Sanitation

While not represented in the final model, water and sanitation was significant in the full
model (f = — 0.25) and should be part of a gender and sex-based analysis due to its
importance within a human rights framework that addresses gender inequality. Access to
clean water is at the very core of human adaptation to environmental stressors and cli-
mate change, serving as a crucial link between society and the environment, and is a major
human rights consideration (United Nations 2020). Statistics show that it is mainly women
and children who are affected by the unsafe management of human waste (United Nations
Educational, Scientific and Cultural Organization 2017) and that 1 in 3 people globally do
not have access to clean drinking water.
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Further, according to the WHO (2019), water and sanitation-related diseases remain
among the major causes of deaths worldwide for children in the under-five age group. Also,
in many cultures, women and children are primarily responsible for managing household
water supplies, which is integral to sanitation and health for families. Additionally, house-
hold water management includes water procurement, which can be a time consuming, chal-
lenging, and sometimes even dangerous chore for women and girls (Pommells et al. 2018).
The global water crisis has been referred to as a “women’s crisis” (Water.org 2020). Fur-
thermore, access to clean and safe water is crucial for individuals who have menstruation
and maternity needs (United Nations 2020). These sex-specific needs and gendered respon-
sibilities can have harmful effects on school participation, health and disease management,
and other components of a safe, productive, and healthy life for women and children across
cultures.

Recommendations

In alignment with past research, we argue that strict anti-trafficking policies have not been
sufficient to combat the egregious human rights crisis of modern slavery. Additionally, cur-
rent climate agreements have been inadequate to solve the growing climate crisis. Instead,
policies and actions that are in alignment with the United Nations’ Sustainable Develop-
ment Goals and that address structural gender inequalities and climate change, as well as
the specific predictors in our model, are needed. Targeted and culturally appropriate inter-
ventions, novel technologies, solutions, and further analysis are needed to prevent and con-
trol emerging physical and mental health threats associated with the interaction between
environmental stressors associated with climate change, structural gender inequality, and
modern slavery. Additionally, public health interventions are needed to target the needs of
climate refugees, especially during migration, to minimize associated risks such as vulner-
ability to human trafficking.

Further, to provide appropriate physical and mental health care (prevention, screening,
and treatment) for victims of climate crises and human trafficking, assessments and inter-
ventions should address possible chronic conditions, mental health problems, and trauma
symptoms. A trauma-informed approach to all forms of care is crucial for addressing the
effects of trauma due to the associated consequences of climate crises, such as migration,
economic insecurity, food insecurity, disease, physical injury, and exploitation.

Additionally, for mental health professionals, the complex factors that contribute to the
psychological consequences of trauma that can result from modern slavery victimization
can be challenging to treat (Abas et al. 2013; Katona et al. 2015). The age and stage at
which the victim experiences the trauma, the victim’s relationship to the perpetrator, dura-
tion of the trauma, and available support system can all contribute to treatment difficulty
(Abas et al. 2013; Courtois 2004; Meng et al. 2016). Identification of the mental health
problems that can result from the intersecting and complex consequences of modern slav-
ery, climate change, and structural gender inequality is a crucial initial step to developing
appropriate diagnostic, treatment, and support options for victims.

Studies have indicated sex-specific psychological effects of trauma, yet research into
the impact of human trafficking across sex or gender is in its infancy (Iglesias-Rios et al.
2018; 2019; O’Donnell et al. 2017). Additionally, Iglesias-Rios et al. (2019) noted that
sex differences in experienced violence and coercion among trafficking victims could have
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important implications for mental health symptomology, providing further evidence for the
necessity of gender-informed treatment.

Limitations

Data regarding the estimated prevalence of modern slavery victims was provided by the
2018 Global Slavery Index (WFF 2018), which has no definitive way to ensure standardi-
zation of reporting procedures across governing bodies. Limitations associated with this
estimate include variations in definitions of trafficking crimes and trafficking laws between
countries, which may result in inconsistent reporting of data. Countries may vary widely
in their consideration of what constitutes human trafficking. Further, not all countries have
clear trafficking legislation or may have varying cultural factors that may influence legis-
lation. Also, the UNODC (2018) reports that even when countries with clear legislation
collect trafficking data, there is often no centralized authoritarian source responsible for
data collection, storage, processing, or reporting. Instead, statistics reported to the United
Nations may come from incongruent sources (e.g., police; public prosecutors; individual,
local, or state government agencies; non-governmental organizations), which rarely col-
laborate on their efforts (Aronowitz 2010; UNODC 2018). Additionally, the GSI examines
estimated prevalence of modern slavery within a country and does not distinguish between
intranational and international victims of exploitation. Therefore, distinguishing factors
cannot be drawn between these two populations. Also, limitations at the predictor level
include not only variations in data collection procedures across countries but also incon-
gruous definitions. For example, many measures of NUE define production as a function
of inputs such that given constant inputs; any yield increase would be reflected in greater
NUE values. However, studies have indicated that NUE is operationalized differently
across countries, with unstandardized parameters for data collection (Oenema et al. 2015).

Conclusion

Our findings suggest that specific indicators of environmental stress associated with cli-
mate change may exacerbate structural social inequalities and increase vulnerability to
modern slavery. When examined together, environmental predictors of air quality and agri-
cultural management, and gender inequality indicators of women’s share of seats in parlia-
ment and percentage of women over the age of 25 with secondary education, were found
to play a particularly large role in increasing vulnerability. Awareness of the relationship
between environmental stressors, gender inequality, and modern slavery provides a mean-
ingful contribution to our understanding of factors driving human exploitation and pro-
vides an empirical foundation for recommendations and interventions that serve to amelio-
rate the causes and consequences of climate crisis and modern slavery that are associated
with human suffering.

With a burgeoning recognition of the role of climate change in human exploitation, anti-
trafficking efforts should seek to address underlying environmental and ecological condi-
tions that contribute to women and girls’ heightened vulnerability. Concurrently, anti-traf-
ficking efforts must continue to combat existing gender inequalities repeatedly shown to
be at the very heart of the modern slavery trade. Until theses contributors are addressed,
climate change and extreme weather events will continue to adversely affect food and
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habitation security, driving food shortages and mass displacement, and heightening the
vulnerability of millions of people to the risk of violent victimization and exploitation.
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