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Abstract

Previous research demonstrates that low-income countries face higher risks than high-
income countries from toxic pollution and climate change. However, the relationship
between these two risks is little explored or tested, and efforts to address the risks are often
independent and uncoordinated. We argue that the global risks from toxic pollution and cli-
mate change are highly correlated and should be jointly analyzed in order to inform and bet-
ter target efforts to reduce or mitigate both risks. We provide such analysis for 176 countries
and found a strong (rs = -0.798;95%CI -0.852, -0.727) and significant (p<0.0001) relation-
ship between the distribution of climate risk and toxic pollution. We also found that inequities
in pollution production, economic status, and institutional readiness are interconnected and
exacerbate risk for countries already in the highest risk categories for both toxic and non-
toxic (greenhouse gas) pollution. The findings have policy implications, including the use of
the proposed Target assessment to decide where best to address toxic and non-toxic pollu-
tion simultaneously, based on the need to minimize human suffering and maximize return
on effort.

Introduction

Human-produced pollution is destabilizing the entire Earth System [1-3]. This pollution
poses severe risk to human health and the contemporary human niche [4-11]. Most research
assesses the independent risks of toxic emissions (e.g. fine particulate matter or PM2.5) and
non-toxic emissions (e.g. greenhouse gases) and people’s vulnerability to them [9,12,13]. How-
ever, these risks are intricately connected and substantially catalyze each other both in the
environment and the human body [9-11,14-20]. For example, flood events disturb and redis-
tribute toxic materials [16,21,22]. Research is lacking on the simultaneous and interactive risk
from toxic and non-toxic emissions to human health [23]. There is a need for “bold and com-
prehensive strategies that simultaneously address both problems. . .to overcome the separation
between pollution prevention and climate change mitigation” [23]. Numerous collaborative
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efforts are underway to rectify this shortfall—e.g., the new Center for Climate Change and the
Center for Climate, Health and the Global Environment (C-CHANGE) at the Harvard TH
Chan School of Public Health, the latter led until recently by Gina McCarthy, former Adminis-
trator of the US Environmental Protection Agency (2013-2017) and now the first White
House National Climate Advisor [24]. However, no studies to date have tested the relationship
between toxic pollution risk and climate risk to human health in order to inform these new
efforts [7-11,17,23].

Such a gap in information and analyses restricts broadscale, and local, efforts to characterize
specific patterns and processes of interaction accurately and holistically between toxic and
non-toxic (climate impact) pollution. The relationships between the two processes, as com-
pared to models that keep the two processes and corresponding risks separate, may be a better
representation of the actual overall dynamic of challenges faced. Improved understanding of
these interfaces offers institutions, agencies, and practitioners a greater toolkit with which to
attempt amelioration of the harms resulting from pollution.

How does the human health risk due to toxic and non-toxic pollution vary by country?
How strong is the relationship between the risk from each pollution type, and where specifi-
cally is the risk, and the potential to address the risk, greatest? To answer these questions, we
join data measuring global climate risk and institutional capacity from the Notre Dame Global
Adaptation Index (ND-GAIN) Country Index [12], environmental quality from the Yale Envi-
ronmental Performance Index (EPI) [13], and toxic pollution-caused mortality from the
Global Alliance on Health and Pollution (GAHP) [9], all for the year 2018, to explore the
global distribution of human-produced or exacerbated environmental risks in multiple coun-
tries (N = 176). We hypothesize that there is a strong relationship between the global distribu-
tion of toxic pollution risk and climate impacts risk. Low- and middle-income countries are
often unable to afford or enforce strict regulatory regimes against polluting industries or the
infrastructure and other costs associated with reducing vulnerability to climate change and
hazardous waste. Using a novel, holistic measure of the environmental risk people face glob-
ally, we test the spatial relationship between both types of pollution risks at the country level.
We present the results of a prioritization assessment wherein the Target score reflects the rela-
tionships of Vulnerability, Eco-health, and Readiness for each country (see Methods for vari-
able descriptions). This tool should allow policymakers and other stakeholders to place toxic
pollution risk and climate impacts risk in dialogue with core structural aspects of a given coun-
try and not only identify where this risk is greatest, but also estimate where targeted actions in
reducing this risk, and thus potential human suffering, might produce the highest return and
probability of success when accounting for the institutional capacity of each country.

Background

Human-produced pollution causes an array of cascading ecological and social effects
[3,4,25,26]. These risks are pushing the Earth System into a planetary state distinct in human
evolutionary history, posing substantial new risks and challenges [3,27-29]. Primary compo-
nents of these changes and corresponding risks are toxic pollution—materials that are directly
harmful to human health via emission into the air, water, or land—and non-toxic pollution—
materials not directly toxic to humans but indirectly deleterious to human health via their
emission as greenhouse gases (GHG) that change the climate and the functioning of the Earth
System. Toxic pollution results in the death of more than 8 million people annually [7,9,30,31]
and other harms to humans from cognitive dysfunction [32-39] to chronic respiratory ill-
nesses [40-45]. Non-toxic pollution is driving global environmental changes that endanger
human health through global warming [11,46-48], land degradation [28,49,50], extreme
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weather events [51,52], and sea-level rise [53,54]. The number of annual global deaths resulting
from these changes is yet undetermined, but between 2030-2050 an additional 250,000 people
are estimated to perish annually [55], and likely the actual figures are much higher [56]. By
2050 an estimated 530,000 additional deaths will occur annually solely due to food production
losses caused by climate change [57]. The biogeophysical effects of human-produced pollution
are not equally distributed, with low-income countries undergoing the highest risks and resul-
tant negative human health impacts from toxic pollution and climate change [7-9,46]. Impor-
tantly, toxic pollution emissions primarily, though not solely, affect the areas more proximal to
where they are released, whereas GHGs drive a global process of climatic change that can result
in risk far from where they are emitted [10,11]. This difference is critical because lower-income
countries are relatively more exposed to climate risk but middle- and high-income countries
are responsible for a larger share of historical and contemporary GHG emissions [46,58—64].

The social outcomes and costs associated with these risk factors are as far reaching as the
biogeophysical outcomes. The estimated current economic output lost due to the human
health effects of toxic pollution is $4.6 trillion annually, or 6.2% of global GDP [9]. The esti-
mated current economic productivity losses from global warming, in just the US and the EU,
is $4 trillion. By 2100 world GDP per capita is expected to be reduced by 7.2% due to climate
change [65]. By 2040 global climate change will add at least 20%—or $100 billion a year—to
the annual global cost of extreme weather events [66]; in 2017 extreme weather exacerbated by
climate change wrought $300 billion in just infrastructural and material damage alone [67].
The economic effects of climate change are not distributed equally across countries, with tropi-
cal countries at least 5% poorer than they would be in the absence of climate change [68] and
increasing global income inequality within and between countries and classes, respectively, by
approximately 25% [69]. Other indirect social effects from climate change range from the
potential for increased rates of violent conflict and warfare [70-76] to increased incidence of
mental health issues [77-80].

Low-income countries face relatively higher risks from toxic pollution and climate change
than high-income countries [16,46]. However, the relationship between the global distribution
of these two risks has not been explored and tested [9,23], resulting in a critical gap in current
understandings of human health risk due to human-produced pollution. Further, where and
how targeted efforts should be made to reduce or mitigate these risks with the highest rate and
probability of return on efforts—i.e., reductions in the loss or risk of loss of human life—also
remains unclear.

Materials and methods
Data

The processes and effects of human-produced toxic and non-toxic pollution are differentiable
but interrelated. We collate and analyze three broadly utilized datasets (ND-GAIN, EPI, and
GAHP) to measure the global distribution of risk from toxic pollution and climate change, to
test the spatial relationship between these risks, and to identify how best to target their mitiga-
tion. All data utilized can be found in S1 Data and are publicly available from the institutions
that curate them. All three datasets are for the year 2018, the most recent available data from
all three sources that includes all of the same countries, at the time this article was written.
Notre Dame-Global Adaptation Index (ND-GAIN). The ND-GAIN Country Index
summarizes a country’s vulnerability and exposure to climate impacts risks and its readiness
to improve climate resilience [12]. The full ND-GAIN index is comprised of 45 indicators of
climate impacts risk (Vulnerability; 36 indicators) and Readiness (9 indicators) for 182 coun-
tries. ND-GAIN assesses the Vulnerability of a country by considering six life-supporting
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sectors: food, water, health, ecosystem services, human habitat and infrastructure. The expo-
sure of each sector to climate-related or climate-exacerbated hazards, the sensitivity of that sec-
tor to the impacts of the hazard and the adaptive capacity of the sector to cope or adapt to
these impacts, are in turn measured by six indicators each. ND-GAIN assesses Readiness by
considering a country’s ability to implement adaptation actions if effectively incentivized.
ND-GAIN measures overall Readiness by considering three components: economic readiness,
governance readiness, and social readiness. ND-GAIN does not include measures for toxic
pollution, nor does it measure GHG emissions rates; it measures only a country’s climate
risk—their exposure and vulnerability to climate-driven hazards—and their readiness to deal
with that risk.

Environmental Performance Index (EPI). The EPI ranks 180 countries on 24 perfor-
mance indicators across ten issue categories covering environmental health (Eco-health) and
ecosystem vitality [16]. Eco-health measures environmental degradation and exposure to toxic
pollution, while ecosystem vitality focuses on ecological health—such as tree cover loss—and
the policies and protections in place to preserve it—e.g. national level biome protections. Eco-
system vitality includes measures that both partially overlap with ND-GAIN measures and
measures of GHG emissions and other components not relevant to toxic pollution. As such we
only utilize Eco-health from EPI, which represents toxic pollution distributions only. Eco-
health measures toxic pollution risk via air quality (52%), water and sanitation (12%), and
heavy metals (2%). The air quality measure focuses primarily on PM2.5 exposure and exceed-
ances. While not the only hazardous air pollution, PM2.5 has been demonstrated to pose the
greatest risk to human health due to effect and distribution [31,39,43,81-84]. The water and
sanitation variable measures drinking water quality and sanitation infrastructure with regards
to exposure to toxic pollutants, while the heavy metals measure is comprised solely of esti-
mated lead exposure. Notably, many toxic pollutantsthat directly and pervasively harm
humans are not included in Eco-health—e.g., air pollutants such as ground-level Ozone and
Sulfur dioxide and heavy metals such as mercury and chromium. This is mostly due to lack of
reliable and accessible data on the global distribution of these pollutants and because PM2.5
accounts for the majority of human health harm from air pollution [9,30,31].

Global Alliance on Health and Pollution (GAHP). The GAHP estimates the number of
toxic pollution deaths for a country [9]. They include deaths caused by exposure to toxic air,
water, soil, and chemical pollution globally. The GAHP utilizes the Institute for Health Met-
ric’s Global Burden of Disease Study [85] that measures annual deaths due to all causes. The
GAHP results are conservative, as many known toxins are not included in their analysis, yet
they assess toxic pollution to be the single largest cause of premature mortality. Their estimates
indicate that in 2017 toxic pollution resulted in the premature death of at least 8.3 million pre-
mature deaths, or 15% of all deaths globally, and 275 million Disability-Adjusted Life Years.
These deaths were caused by toxic air pollution (4.9 million; 59%), water pollution (1.6 million;
19%), occupational exposure (800,000; 9%), or lead exposure (1 million; 12%). As research on
the effects of other pollutants becomes more certain—such as growing work on PFAS [86,87]
and microplastics [88,89]—the number of premature deaths attributed to pollution is expected
to increase substantially [7-9]. We operationalize their data, specifically the estimated propor-
tion of total mortality due to pollution (Proportion Mortality) to test the relationship between
the EPI assessed toxic pollution distribution (Eco-health) and deaths resulting from toxic pol-
lution exposure, and thus validate ecosystem health as an effective measure of toxic pollution
risk. We use Proportion Mortality as opposed to total pollution mortality or pollution mortality
rate per 100,000 persons to avoid issues of country demographic effects such as total popula-
tion, access to health care services, and other potentially confounding factors.
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Hypothesis

We hypothesize that there is a significant positive relationship between the spatial distribution
of toxic environments (Eco-health) and climate risk (Vulnerability). Research strongly suggests
that low- and middle-income countries face higher climate risks—though they contribute less
than high-income countries to producing the risk—and are on average more impacted by
toxic pollution. But, the alignment between the countries most and least at risk of each risk
type, and the strength of this potential relationship, remains untested.

Statistical analysis

To test the relationship between a country’s climate risk and toxic pollution exposure, first we
employed Spearman’s Rank-Order Correlation Coefficient (r;) test to the relationship between
the variables Vulnerability, Eco-health, and Proportion Mortality. To test the sensitivity of the
results we tested the ratio values and the ranked values, as well as employed Pearson’s Correla-
tion Coefficient (r) test. The results remained robust and relatively unchanged. We report the
Spearman test results here because the rank order values provide a more easily interpreted and
meaningful point of comparison between countries. We then repeated the correlation tests to
include Readiness to explore the relationship between a countries readiness to adapt to or
reduce climate risks and their respective pollution risks. Finally, we produced an estimate
(Target) of where efforts in pollution risk mitigation have the highest probability of, and rate
of, returns defined by the equation:

Target = ((Vulnerability + Eco—health) * Readiness) /100

We specify Vulnerability and Eco-health as additive and Readiness as multiplicative.
Together Vulnerability and Eco-health account for where people face the highest pollution
risks, while Readiness balances a country’s ability to do something about it if mitigation incen-
tives or policies were targeted there. Target, though it results in a normally distributed measure
(Anderson-Darling = 0.563; p = 0.143), is then best interpreted in rank order to compare
countries. Research indicates that formal and informal institutional capacity is the most critical
component for effective environmental management and regulation [90-99]. Thus, we weight
Readiness (making it multiplicative as opposed to additive) to account for the effect of institu-
tional capacity on pollution risk reduction outcomes. Vulnerability and eco-health are
weighted equally as there is not a clear consensus as to whether it is toxic or non-toxic pollu-
tion that poses the greatest risk to human health. Note that to operationalize Vulnerability and
Eco-health in this way, both variables were transformed in the dataset from their raw values to
a 100-point scale and such that larger values represent worse health and greater vulnerability
and lower values represent better health and lesser vulnerability (see S1 Data).

Limitations

The data we utilize to account for toxic and non-toxic pollution do not measure all forms of
harm or potential risks from these processes. For example, Eco-health only includes PM2.5 to
assess air quality, whereas there are numerous hazardous air pollutants. As more and better
data on other pollutants becomes available, it will need to be integrated into this assessment
and the estimates of highest risk areas may potentially shift. Similar limitations are present in
Vulnerability as a measure of climate impacts risk. The total toxic pollution death estimates
that comprise Proportion Mortality include only those deaths where pollution-as-cause has
high scientific consensus [7]. The authors estimate that this is only a relatively small portion of
the premature mortality that toxic pollution causes or contributes to [7,9]. Also, our measures
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are static whereas the processes that they measure are dynamic. As such, our estimates provide
a critical assessment of the global distribution of the combined risk of toxic pollution and cli-
mate impacts risk today, but they are temporally limited. Finally, the data are aggregated to the
country level, when toxic and non-toxic pollution risks, as well as the readiness to address
these risks, can vary widely within countries, and targeting decisions to reduce pollution may
thus require finer intra-country assessments.

Results

A strong (r, = -0.798; 95% CI -0.852, -0.727) and statistically significant (p<0.0001) relation-
ship exists between the spatial distribution of global climate risk (Vulnerability) and toxic pol-
lution (Eco-health) (S1 Fig). Countries that are most at risk of the impacts of climate change
are most often also the countries facing the highest risks of toxic pollution. Corroborating this
finding, Eco-health and Proportion Mortality are strongly (rs = -.793; 95% CI -0.848, -0.720)
and significantly (p<0.0001) correlated; and Proportion Mortality and Vulnerability are
strongly (r; = 0.761; 95% CI 0.680, 0.823) and significantly (p<0.0001) correlated. In short,
deaths resulting from toxic pollution are highest where the distribution of toxic pollution is
greatest and, critically, also where the impacts of climate change pose the greatest risk.

Figs 1-3 show the global distribution of Vulnerability, Eco-health, and Proportion Mortality,
respectively. Fig 4 shows the combined global distribution of climate risk and toxic pollution
risk (Vulnerability and Eco-health taken together); in alignment with our Spearman rank-
order correlation coefficient results, Fig 4 depicts the equally weighted and averaged rank-
order of Vulnerability and Eco-health, as opposed to the raw index values. As the correlation

ND-GAIN Vulnerability

Most viilnerable

Least vulnerable

Fig 1. The global distribution of climate impacts risk. The global distribution of climate impacts risk using by-country rank-order, as measured by the variable
Vulnerability from the 2018 ND-GAIN Country Index [12].

https://doi.org/10.1371/journal.pone.0254060.9001
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Low Eco-health

High Eco-health

EPI Eco-health

Fig 2. The global distribution of toxic pollution risk. The global distribution of toxic pollution risk using by-country rank-order, as measured by the variable Eco-health

from the 2018 EPI [13].
https://doi.org/10.1371/journal.pone.0254060.9002

test results indicate and the maps visually affirm, the highest climate and toxic pollution risks
appear to coincide in the same countries, and they are geographically concentrated across the
African continent and Southeast Asia.

Our final analysis offers suggestions for how to reduce climate and toxic pollution risks.
Directly targeting directly pollution reduction makes sense in countries that are assessed to
have high Readiness—a measure of a country’s economic, governance, and social readiness to
adapt to environmental risks—scores and will respond effectively to investments or other
incentives, such as favorable trade terms. However, in places experiencing governance chal-
lenges, such as low state capacity or high corruption, efforts and resources might be better
placed in addressing the governance challenges first. We therefore join Vulnerability and Eco-
health with Readiness to produce Target. Table 1 lists the top 10 countries most likely to gener-
ate a high rate of return on effort in the reduction of toxic pollution and climate change
impacts and the bottom 10 countries most likely to require attention to governance issues
before pollution could be effectively addressed. Fig 5 depicts the global distribution of the Tar-
get variable results.

Discussion

Our tests of the relationship between the distribution of Vulnerability and Eco-health strongly
indicate that the countries that face the greatest human health risks from toxic pollution are
also those most at risk of the impacts wrought by our changing climate. The potential for these
two types of risk to interact and synergize in the environment and in the human body, while
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High:Proportion
Mortality

Low Proportion
Mortality

EPI Proportion Mortality

Fig 3. The global distribution of toxic pollution deaths. The global distribution of toxic pollution deaths as a percentage of total deaths in 2018, using by-country rank-
order, as measured by the variable Proportion Mortality from the GAHP Pollution and Health Metrics Report [9].

https://doi.org/10.1371/journal.pone.0254060.9003

understudied [9,15,100], is substantial [21,101,102]. Compounding these risks is the fact that
the countries most at-risk include many of the poorest and least developed in the world, such
as the Democratic Republic of the Congo (DRC) (#1), Burundi (#2), and the Central African
Republic (#3), which are ranked 179™, 185", and 188™ of 189, respectively, by the United
Nations Human Development Index [103]. The demographic, ecological, and social factors
that contribute to these consistently ‘low’ rankings are not independent of each other and are
demonstrative of broader patterns of inequality [68,69,104-107]. Our results affirm the indica-
tions from previous research that low-income countries face the highest risks of impacts from
climate change and risk from toxic pollution. Our results do not estimate the corresponding
impact of the interactions of toxic and climate risk, but evidence from other studies suggests
the combined effect is substantial [101,108,109]. For example, warming temperatures have
been shown to both increase rates of heat-related illness and mortality and to produce and to
enhance the toxicity of contaminants in the environment [20,48,110] Thus, targeting the
improvement of conditions, outcomes, and structures in such countries is globally beneficial
and practically and ethically urgent. However, not all countries offer the same basal context for
such actions and thus models for assessing structures of risk reduction efforts remain critical.
The incidence of toxic pollution and climate impacts risk in low-income countries is shaped
by intersecting local or domestic structural conditions—including reduced capacity for envi-
ronmental policy regulation and enforcement, especially as applied to industry and transporta-
tion standards [111], as well as physical geography—and by ‘external’ factors such as foreign
firms taking advantage of reduced environmental regulation [112] or shifts in precipitation
patterns driven by climate change [46]. For example, the DRC faces the intersecting risks of
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High-vulnerability and
low Eco-health

Low vulnerability and
high Eco-health

ND-GAIN Vulnerability and EPI Eco-health

Fig 4. The global distribution of the combined toxic-climate risk. The global distribution of the combined risk of toxic pollution (low or high ecosystem health) and
climate impacts (high or low vulnerability) risk using the average of the by-country rank-order of Vulnerability and Eco-health.

https://doi.org/10.1371/journal.pone.0254060.g004

PM2.5 transported from the Saharan Desert by predominant wind currents from the northeast
(external) but also locally produced PM2.5 from low grade fuels and inefficient vehicles concen-
trated in city centers, and a landscape littered with foreign commercial (external) and local arti-
sanal (internal) extractive mining operations that alter landscapes and pollute waterways with
heavy metals [113-115]. Intersecting with these factors are climate impact risks such as chang-
ing rainfall patterns and increased warming that disrupt the farming cycle and concurrently
increase risks of malnutrition and incidence of communicable and non-communicable disease
[116]. A similar pattern of intersecting, mutually amplifying environmental risks and endoge-
nous and exogenous factors can be found in all of the countries at the top of our combined Vul-
nerability-Eco-health list. Notably, our results find that the top one-third of countries at risk of
toxic pollution and climate impacts represent more than two-thirds of the world’s population,
highlighting the magnitude of the problem and unequal distribution of environmental risk.
Given that a large portion of the world’s population lives in countries at higher toxic pollu-
tion and climate impacts risk, understanding where and how to target in pollution risk mitiga-
tion is critical to maximizing reductions of potential human harm. Our Target results indicate
that the countries facing the highest toxic pollution and climate impacts risk also often lack
institutional Readiness to address these problems. This does not mean that efforts to support
these countries or to improve their conditions should be abandoned—or that efforts to restrict
the external factors acting upon them should be altered—but rather that focusing on and bol-
stering institutional capacity development is likely the initial, and primary, focus of effort.
However, many other countries could benefit from direct efforts towards pollution risk
reduction. Two of the countries in our top 5 highest Target results, China and India, are
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Table 1. The Top 10 and Bottom 10 countries to Target to reduce global toxic and non-toxic pollution risk.

Top 10 Countries

Country Name Target Rank
Singapore 1
Rwanda 2
China 3
India 4
Solomon Islands 5
Bhutan 6
Botswana 7
Georgia 8
Korea, Republic of 9
Thailand 10
Bottom 10 Countries

Country Name Target Rank
Equatorial Guinea 168
Iraq 169
Jordan 170
Lebanon 171
Central African Republic 172
Turkmenistan 173
Algeria 174
Eritrea 175
Venezuela 176
Libyan Arab Jamahiriya 177

The countries listed are ranked using the Target results which assesses the highest probability, and rate, of return on

efforts to reduce toxic pollution and climate impacts risk.

https://doi.org/10.1371/journal.pone.0254060.t001

substantially economically developed and hold prominent geopolitical power. They are the
largest countries on the planet, together representing over 2.5 billion people, and both have rel-
atively high Proportion Mortality ranks, ranking 13™ and 5™ (17.9% and 23.5% of annual
deaths are associated with toxic pollution, equaling 1.9 and 2.3 million premature deaths annu-
ally, respectively) [9]. Despite these high rates, recently developed national policies and their
resultant impacts suggest that the benefits of augmenting facilitation of such changes (via tar-
geted policy efforts and incentives) are large and achievable. For example, as a result of China’s
Air Pollution and Prevention and Control Action Plan enacted in 2013 and targeting PM2.5
specifically, Han et al. [117] find that annual average PM2.5 levels reduced substantially
between 2013-2017—from 101.7 ug m™ to 58.6 ug m™, a 40% reduction. The improved air
quality resulted in significant corresponding reductions in respiratory disease and cardiovas-
cular disease mortality rates—both of which have been demonstrated to be strongly linked to
toxic air pollution [30,31,84]. Interestingly, if global annual average PM2.5 emissions could be
reduced even half the amount that China achieved—i.e. 20%—the estimated corresponding
effect would be 1.4 million fewer premature deaths annually worldwide [31]. Han et al. caution
that air pollution remains severe across China and further regulatory restrictions and mitiga-
tion efforts are much needed. Importantly, while our results indicate that targeting these coun-
tries will likely produce positive reductions in human suffering domestically, as China is the
world’s leading total GHG emitter and India is on track to join it at the top in the future, both
emit high rates of toxic pollution (Eco-health) that also can travel outside of their borders.
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Higher potential
target

Lower potential
target

Fig 5. The global distribution of Target. The global distribution of Target, a measure of a country’s climate impacts risk, toxic pollution risk, and their potential readiness

to mitigate these risks.

https://doi.org/10.1371/journal.pone.0254060.9005

Thus, there is strong potential for co-benefits from efforts focused on China and India in risk
reduction for neighboring countries and other countries at-risk of climate change more
broadly.

Importantly, our Target results should be understood as assessing where policy tools can
potentially be leveraged with high effects—whether those tools be local, national, and interna-
tional in nature, scale, and application. A range of measures can be used to promote risk
reduction such as trade incentives, be they negative or positive incentives, or other policy and
regulatory enforcement mechanisms. Likely a suite of tools will need to be employed and lever-
aged to achieve the desired risk reduction goals [8,11,17,94].

Conclusion

Despite the interdependence of risks from toxic and non-toxic pollution, no prior study has
analyzed the joint global distribution of these risks nor offered evidence-based arguments for
how to address the co-impact of both risks efficiently. We fill components of these knowledge
gaps with data on global climate risk, environmental quality, toxic pollution caused mortality,
and institutional capacity for 176 countries. Our analysis demonstrates a strong correlation
between toxic pollution risk and climate risk, along with varying capacities of countries to
manage that risk. We argue that the Target assessment tool can be usefully employed to deter-
mine optimal locations for risk reduction, while also drawing attention to high-risk low-
income countries that must urgently address governance challenges in order to have a chance
at successfully addressing pollution risk.
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Some have argued that the challenges presented by human-produced pollution may be
nearing tipping points past which returning to the ecological niche representative of most of
human history will become unattainable [3,28]. However, recent global events have
highlighted that behavioral changes at national levels can have dramatic and rapid effects on
pollution levels [118-120]. For example, regulation on movement and activity in response to
Covid-19 resulted in dramatic decreases in air pollution rates in some countries [120,121].
Broad and expansive action, akin to that sparked by Covid-19 but more strategic and sustain-
able is needed to combat the pressures wrought by human-produced pollution on the human
niche [46,50,122]. It is our hope that the Target measure can be deployed as part of a larger
ongoing empirical assessment of human caused pollution to increase political and social will at
national levels for drastic policy measures and broad reaching pollution reduction actions.
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