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Abstract Climate change is increasingly being framed as
risks that will impact the poorest and most vulnerable com-
munities among us. This has led to more efforts to estimate
climate change risks across populations and in the context of
human health and health equity. We describe the public health
dimensions of climate vulnerability—exposure, population
sensitivity, and adaptive capacity—and explore how these di-
mensions can modify population health impacts and their dis-
tribution. An overview of health disparities associated with
specific climate risks is presented, and we offer potential so-
lutions grounded in equitable urban development and im-
proved characterization of climate vulnerabilities.
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Introduction

With the publication of the Laudato Si’ Encyclical (Praise be
to you—On Care For Our Common Home) by Pope Francis

in June 2015, the world heard, perhaps never so strongly, the
risks that climate change are posing to the poorest among us
[1••]. As Pope Francis quoted succinctly, Beveryday experi-
ence and scientific research show that the gravest effects of all
attacks on the environment are suffered by the poorest.^ The
World Health Organization has estimated that climate change
was already contributing 150,000 deaths annually across the
globe as of the year 2000 when considering a conservative
range of health outcomes, with the largest impacts among
the world’s poor [2]. Though the poor generate the fewest
greenhouse gas emissions, they will continue to face the
greatest burden from climate change, underlining climate
change’s social and environmental equity dimensions, and
driving a moral need for action.

The Papal Encyclical is a call to action that cites the partic-
ular challenges and environmental disparities facing the poor
and the vulnerable. Poverty is an important component of
public health Bvulnerability^ to climate change, but vulnera-
bility is more complex than poverty alone. Despite its frequent
use in the scientific literature, vulnerability has been difficult
to operationalize into policy action.

A common public health understanding of vulnerability to
climate change is needed to craft equitable climate policies
and to devote limited resources to populations with the
greatest need, in order to generate the highest potential for
positive impacts. In a limited way, California has begun doing
just that, with a portion of revenues from California’s cap and
trade program being invested in the most vulnerable commu-
nities identified as communities Bdisproportionately affected
by environmental pollution^, and measured by various envi-
ronmental hazards, health, and demographic data [3]. As more
local, national, and international governments adapt to climate
change, it will be essential to better assess the identified com-
ponents of climate vulnerability (exposure, sensitivity, and
adaptive capacity); understand how these components interact
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with each other to lessen or enhance population vulnerabil-
ities; and predict how specific climate hazards will differen-
tially impact vulnerable populations based on data from past
events.

Definition of Vulnerability

The Intergovernmental Panel on Climate Change (IPCC) has
defined vulnerability to climate change as Bthe degree to
which geophysical, biological, and socio-economic systems
are susceptible to, and unable to cope with, adverse impacts
of climate change^ [4]. The breadth of this definition may
partially reflect that the term ‘vulnerability’ is common across
many disciplines and circumstances, and it will manifest itself
in myriad ways across various climate hazards and geograph-
ical regions. Adger [5] conducted an overview on the evolu-
tion of the term vulnerability in the social and natural sciences,
where he has concluded that vulnerability is best measured by
assessing a community’s (1) exposure to external stress; (2)
sensitivity to the perturbation; and (3) adaptive capacity.

In characterizing vulnerability to climate change in a public
health context, exposure is the human contact with various
hazards that are likely to result from climate change (e.g., heat
waves, flooding, sea level rise, increase in infectious disease
vectors, forced migrations, etc.).

Sensitivity, or the degree to which humans are affected by
the climate hazards in a positive or negative fashion, is im-
pacted by underlying individual and community characteris-
tics, such as age, income, existing co-morbidities, and political
empowerment. Existing cumulative exposures, such as the
exposure to multiple pollutants or other environmental haz-
ards, may also increase or synergistically modify a
community’s sensitivity to climate hazards.

Adaptive capacity is Bthe ability of a system to adjust to
climate change to moderate potential damages, to take advan-
tage of opportunities, or to cope with the consequences^ [6].
Dimensions of vulnerability may include economic resources,
knowledge, infrastructure, institutions, and technology [7]. A
community or institution with high levels of adaptive capacity
will be able to respond to, cope with, and recover from expo-
sures to climate disaster hazards. Adaptive capacity can occur
at an institutional level (e.g., provision of government ser-
vices) or a community level (e.g., neighborhood cohesive-
ness), or at the household and individual level (e.g., household
emergency preparedness).

Communities with the greatest adaptive capacity to with-
stand climate hazards are often considered Bresilient^. In that
way, community resiliency can be viewed as a counterweight
to vulnerability. Ultimately, these various components of vul-
nerability will need to be assessed within the context of spe-
cific climate hazards to help communities and policy makers
understand how they can best build community resiliency by

reducing exposures, minimizing sensitivities, and enhancing
adaptive capacity.

Exposure Vulnerability, Population Sensitivity,
and Adaptive Capacity

Exposure Vulnerability

Exposure vulnerabilities to climate change will vary by global
region. Any climate hazard’s ultimate health impact will re-
flect a community’s underlying sensitivity and adaptive ca-
pacities. Some regions may simply be overwhelmed by cli-
mate exposures, such as areas most susceptible to sea level
rise or storm surges, including low lying island states, the
Philippines, and Bangladesh. In general, exposures to climate
change hazards are expected to have greater impact in the
global South, where other vulnerability components com-
pound the effect [8].

Climate exposures remain global in every sense of
the word and are already being felt. The Artic, for ex-
ample, is facing risks from loss of sea ice and the
Greenland ice sheet, resulting in dramatic environmental
changes affecting the ecology, human health, and
long-held social practices in Aboriginal communities
with a reliance on local foods [9–11]. Warmer tempera-
tures may also increase the bioavailability of persistent
organic pollutants that have been previously locked in
permafrost, risking the health of indigenous diets [9].
Conversely, a community’s traditional knowledge and
skills, social networks, and adaptive flexibility with the
natural world may offer resiliency to many exposures
related to climate change by decreasing population sen-
sitivity and increasing adaptive capacity [12].

When assessing a region’s overall vulnerability, the
impact of various climate exposures will vary by both
the specific hazard and population sensitivities. For exam-
ple, though heat waves kill more individuals in the USA
than all other natural hazards combined, certain segments
of the population, such as the elderly and the poor, will be
far more vulnerable than others [13]. Likewise, heat
waves will carry the potential for high mortality in other
regions of the world, such as India, where a recent heat
wave cost the lives of at least 2500 individuals [14]. But
in terms of population exposure vulnerability and health
risks, severe storms may be far more deadly for India,
where farming is very sensitive to monsoon variability
and 350 million people are dependent on rain-fed agricul-
ture [15]. These examples do not negate vulnerabilities in
the US food system nor nullify heat health risks in India,
but rather indicate the wide variation in risks and vulner-
abilities in various regions of the world.
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Population Sensitivity

Population sensitivity is a combination of community charac-
teristics that can increase or decrease an individual or
community’s susceptibility to the harmful effects of climate
change hazards. Sensitivity indicators often include age (the
elderly and children being the most vulnerable), race/ethnicity,
income, occupation, mental and physical disabilities, and
existing comorbidities [16]. Children are generally more sus-
ceptible to environmental hazards than adults because of mod-
ified exposure routes such as playing on the ground and fre-
quent hand-mouth contact; eating, drinking, and breathing
more than adults relative to their body size; and due to a
child’s complex and precisely choreographed neurological de-
velopment [17]. The elderly often have limited mobility, are
more likely to have comorbidities, and may be taking medi-
cations that may make them more prone to dehydration and
have a reduced thirst sensation, leaving themmore susceptible
to adverse outcomes during heat waves and other emergencies
[18]. Specific race/ethnicities may be more prone to
climate-related hazards because of a pervasive lack of political
empowerment that impacts their proximity to exposures, pov-
erty status, and access to health care and other adaptive re-
sources [19, 20•]. Many outdoor laborers, including farm and
construction workers, will have higher exposure risks to heat
and storm events [16]. People with mental and/or physical
disabilities fare worse than their nondisabled counterparts
across many health indicators and are more vulnerable during
emergency situations [21]; during Hurricane Katrina, nearly
40 % of residents who did not evacuate had a disability or
were caring for an individual with a disability [22].

Climate change will also create new sensitive subpopula-
tions, including immigrants and refugees from other impacted
areas. Although forced migration may be an effective method
of adaptation that results in improved health status for those
fleeing climate disasters, these migrants will face sociocultural
challenges of integration as they leave their homes and move
from rural areas into cities and towns [23].

Adaptive Capacity

Individuals and societies have been adapting to a constantly
changing climate over the entire course of human history; in
that way, vulnerability to a changing climate has always acted
as a catalyst for collective action [24]. However, impending
climatic changes are expected to be greater in variability and
magnitude compared to historic changes. In recent years, there
has been greater insistence on the production of
decision-oriented research as priorities shift from quantifying
and mitigating climate impacts and vulnerabilities to enabling
action and adaptation planning to prepare for its inevitable
impacts. Effective adaptation planning will necessitate both
incremental and transformative actions, targeting proximate

causes of vulnerability while also undergoing broader social
and political change [25]. Fundamental to this process will be
addressing systemic drivers of vulnerability that inhibit adap-
tive processes, rather than solely focusing on risk reduction.

Ultimately, a community’s adaptive capacity will be mea-
sured by its social capital; strength of and opportunity for civic
participation; economic equality; and equitable housing, trans-
portation, and parks and other constructed infrastructure. At
the institutional level, government capacity for emergency
preparedness and response and its basic public health systems
should draw upon broader democratic participation to im-
prove the equity and responsiveness of these services.

Urban areas will be at the core of much of our adaptation
planning. Cities are home to the majority of the world’s popula-
tion, as well as a major source of greenhouse gas emissions. By
2050, the United Nations estimates that two-thirds of the world
will live in urban areas [26]. Cities facing the greatest climate
hazards, particularly in rapidly urbanizing low- and
middle-income countries, often have the fewest resources to
adapt to these hazards [27]. However, urbanization itself, coupled
with strong environmental policies, can be an effective strategy
for reducing greenhouse gas emissions [28, 29•]. Climate vulner-
ability, adaptive capacity, and emissions mitigation can be influ-
enced based on how we plan and build equitable environments.

Sea-rise will create higher storm surges and, in some cases,
inundate or erode entire communities. Extremeweather events
will strain emergency services and damage core infrastructure.
Flooding will displace residents and erode water quality.
Changes in precipitation will, in some regions, constrain fresh
drinking water supplies. An increase in the intensity and fre-
quency of heat waves will be compounded by Bheat island^
effects created in urbanized areas. In order to both reduce
exposure and adapt to these hazards, cities can anticipate the
need to focus on high quality and affordable housing; robust
infrastructure for water systems, transit, and other municipal
services; and the protection and restoration of environmental
resources essential to human settlements, such as coastal re-
sources, green spaces, and water sources.

Governments have become increasingly interested in de-
velopment strategies that promote the capacity for individuals,
communities, and institutions to respond to climate health
hazards. Yet planning efforts are still far behind the need. A
recent review of 200 European cities found that 35 % of cities
did not have a climate mitigation plan, and 72 % did not have
an adaptation plan [30].

The failures of municipalities to provide core infrastructure
and resources are often even more pronounced in lower- and
middle-income countries where climate hazards and vulnera-
bilities are expected to be greatest. For example, informal or
illegal settlements, arising from an essential need for
low-income residents to secure access to shelter, will be
among the most vulnerable communities [27, 31]. Globally,
the World Health Organization has estimated that over
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one-third of global urban residents reside in slums [32]. That
number can be as high as 70–80 % in some African cities
prone to multiple climate hazards [31]. These communities
often have little to no public services, including basic waste
management and potable water supplies.

Cities throughout the world should collect data on existing
climate risks, perform vulnerability assessments at the most
refined geographic scale possible, and incorporate this data
into existing planning processes to sustainably develop for
adaptive capacity [27, 33]. This will add to existing knowl-
edge of public health climate risks and improve population
resiliency.

Vulnerability in Relation to Specific Climate Threats

Researching historic climate-related events allows us to better
understand hazard and population-specific vulnerabilities and
improves our ability to plan and adapt accordingly. Below, we
examine notable climate-related hazards and summarize what
has been learned in Table 1.

Heat

The vulnerability of certain subpopulations to heat has been
the most researched of all climate-related health hazards.
Analyses of past heat events have found that children, the
elderly, and pregnant women are more prone to poor health
effects from heat [34, 35]. Socioeconomic factors, such as
poverty level and living in isolation, also elevate an individ-
ual’s risk [34, 36]. Military personnel and outdoor laborers are
at greater risk for heat stroke [37]. While socioeconomic dis-
parities, linguistic isolation, living conditions, and occupation
have been recognized as contributors to poorer heat-health
outcomes among minority ethnic groups in the USA, more
research is needed globally [38].

Extreme Weather Events and Man-Made Disasters

Extreme weather events, such as heavy precipitation, flash
flooding, mudslides, and natural and man-made disasters
(such as wildfires) are expected to increase in frequency with
climate change. These events often have impacts on other
aspects of an economy, such as tourism and agriculture. The

Table 1 Climate hazards, public health impacts, sensitive populations, and regional exposure risks

Climate hazard Public health impacts Sensitive populations Regional exposure risks

Heat Heat-related illnesses and
mortality

Children, the elderly, pregnant
women, individuals living
alone, the poor, and military
personnel and outdoor
laborers

Increases in heat stress in
many regions, especially in
continental areas

Extreme weather events and
man-made disasters

Injury, infection, mortality,
mass displacement and
homelessness, nutrition,
respiratory impacts, and
economic disruptions

Children, the elderly, women,
transient populations,
ethnic minorities, recent
migrants, the poor, and the
disabled and their
caretakers

Increases in extreme weather
events and wildfires in
many regions, exacerbated
by drought and sea-level
rise in coastal regions

Vector-borne and infectious
diseases

Vector-borne diseases such as
West Nile virus, Lyme
disease, chikungunya,
dengue, and viral
encephalitis, and water-
related diseases such as
salmonella,
cryptosporidium, and
cyanobacteria

Children, the elderly,
migrants, the poor,
malnourished, and
immunocompromised
individuals

Various regions globally based
on changes in habitat
suitability, often as a result
of changes in temperature
and precipitation

Sea level rise Displacement, mental health
impacts, and water and
nutritional insecurity from
salt water intrusion

Populations in low-lying
areas, the poor, and
household with the fewest
resources to adapt

Coastal areas globally,
especially low-lying islands

Drought Malnutrition, water-related
illness, displacement,
respiratory illnesses, vector-
borne diseases, infectious
disease, mental health, and
wildfires

Children, the elderly, the poor,
individuals with existing
health issues, and agrarian
and subsistence populations
and cultures

Various regions globally, with
pronounced impacts in mid-
latitude continental areas

Ocean ecosystems Collapsed fisheries,
economies

Indigenous, poor, and
subsistence communities

Various regions globally
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most vulnerable populations to the effects of extreme weather
events include residents of group living facilities; ethnic mi-
norities (by language); recent migrants (including immi-
grants); tourists and transients; physically or mentally dis-
abled; large households; renters; places with large concentra-
tions of children; poor households; the homeless; and
women-headed households [39–42].

During floods, children are at a higher risk for infection and
transmitting fecal-oral diseases, and those who are physically
and/or mentally disabled may be at an increased risk for mor-
tality or injuries [43]. Low-income households are less likely
to be insured for protection against weather disasters and may
be more susceptible to lasting damage to their dwellings [44].
During drought or other events that result in food scarcity,
nutritional needs of women and girls suffer more compared
to males [45]. Other extreme events such as wildfires, wind,
and dust storms lead to increases in respiratory ailments [46,
47].

Vector-Borne and Other Infectious Diseases

The incidence of vector-borne diseases (such as West Nile
virus, Lyme disease, chikungunya, dengue, and viral enceph-
alitis) and food- and water-related diseases (such as salmonel-
la, cryptosporidium, and cyanobacteria) has been linked to
changes in the climate [48–50]. Models to predict vulnerabil-
ity to climate-sensitive infectious disease in Europe have
found that the Iberian Peninsula, the UK and Ireland, and
southern France rank high [51]. Generally, children, the elder-
ly, migrants, the poor, and those already suffering from mal-
nutrition will be most vulnerable to infectious diseases [48].

Sea Level Rise

The largest hazard presented from sea level rise will be
the erosion and inundation of coastal lands. And coastal
populations are growing more rapidly than the global
average. It has been estimated that a 2-m rise in sea
level could lead to the displacement of 187 million peo-
ple over the course of the coming century [52]. Migra-
tion itself can lead to many serious health impacts, in-
cluding mental health problems, infectious disease, and
greater morbidity from chronic conditions [53]. Yet mi-
gration will also be an essential process of adaptation
and should be accommodated by local and national in-
stitutions [54]. Sea level rise will also contribute to salt
water intrusion of drinking water supplies, changes in
infectious disease patterns, and other effects from a va-
riety of ecological changes [55]. Populations in
low-lying areas, and especially the poor in those regions
with the fewest resources to adapt, will be the most
vulnerable to the direct impacts of rising seas [56].

Drought

Drought can lead to malnutrition, water-related illness, respirato-
ry illnesses related to dust and/or infectious diseases (such as
coccidioidomycosis), food/water insecurity, vector-borne dis-
eases, mental health, and other health impacts related towildfires,
migrations, and other distal impacts [57, 58]. The extent of these
impacts will greatly vary based on a population’s underlying
sensitivities, existing infrastructure, and their political and socio-
economic environment. The impacts of famine, for example,
largely depend on social and political factors and can occur even
while a country’s food exports reach all-time highs [59].

Ocean Ecosystems

Climate-driven changes in ocean ecosystems include warmer
ocean temperatures, acidification, depletion of oxygen, and loss
of productivity that impacts fisheries, tourism, subsistence pop-
ulations, and tropical coastal communities. An estimated 470–
870 million of the world’s poor rely on the ocean for employ-
ment, food, and other resources [60]. Ocean acidification has
already been blamed for millions of dollars of losses in the US
oyster fisheries, and the United Nations has estimated that acid-
ification could cost the global economy $1 trillion per year by
the end of the century. However, studies of climate-related risks
have been recognized as needing more accurate methods to
fully better project climatic impacts on ocean ecosystems [61].

Discussion

The 2015 Lancet Commission on Climate Change and Health
has recommended that by 2020 governments Binvest in cli-
mate change and public health research, monitoring, and sur-
veillance to ensure a better understanding of the adaptation
needs and the potential health co-benefits of climate mitiga-
tion at the local and national level^ [45]. To invest in commu-
nity adaptation and climate resiliency, a proper understanding
of which populations are vulnerable and where they are locat-
ed is essential. As we have outlined in this paper, each of the
components of public health vulnerability to climate change
—exposure, population sensitivity, and adaptive capacity—
will vary geographically and continue to change over time.
For example, population sensitivity to climate impacts will
increase with the graying of the population and increases in
chronic comorbidities.

Towards Equitable Development and the Greater
Characterization of Population Vulnerabilities

Global urbanization and population density have the potential
to magnify health disparities without an implicit focus on eq-
uitable development. According to the United Nations, by
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2030 about five billion of the world’s population will live in
urban areas, and the majority of this growth will occur in Asia
and Africa [25]. Sustainable and equitable approaches to land
use and planning—such as affordable and high-quality hous-
ing and transportation, heat island reduction, and access to
green spaces—will be important in mitigating health risks
associated with rapid urbanization. These strategies, properly
employed, can also improve climate adaptation and reduce
overall climate vulnerability.

For some climate risks, such as heat, there is the potential
for modest physiological adaptation. Recent studies have de-
bated whether the effect of temperature on heat deaths has
been decreasing over time [62, 63], but there are likely phys-
iological limits to acclimatization and thermoregulation [64].
In the case of rising temperatures, it is likely that urban design,
equitable development, and behavior changes will be more
important than individual acclimatization.

There are many aspects of climate change which are still
not well-characterized with respect to human health and vul-
nerability. For example, little is known about specific vulner-
abilities related to long-term versus short-term drought [58].
More research is needed on the human health effects that may
result from the disruption of ocean food chains. And in fresh-
water ecosystems, more investigation is needed on who is
most vulnerable to the neurotoxic effects from harmful algal
blooms and subsequent health impacts [65].

Conclusions

Exposure, population sensitivity, and adaptive capacity are all
essential for assessing public health vulnerabilities to climate
change. How these components of vulnerability interact with
each other drives the human-related dimensions of climate
change. For example, the USA may have lower risks of
climate-induced risks than other areas of the world, but in-
creasing rates of chronic diseases such as diabetes and obesity
increases subpopulation vulnerabilities in the USA. Countries
which have high exposure potential, adverse population sen-
sitivity, and low adaptive capacity include low-lying island
nations, South Asia, and parts of Africa. Different climate
risks, such as drought, heat, and ocean ecosystem changes,
will create unique population vulnerability profiles. Certain
global trends, such as forced migration and urbanization,
may augment the burden of climate-related illness, injury,
and disease worldwide, but these trends also present an oppor-
tunity to promote adaptive capacity. For example, fostering
equitable urban landscapes that build community resiliency
would be an appropriate core governmental response to cli-
mate change threats. Regions and communities with the
greatest vulnerability may need more resources for adaptation
planning and exposure mitigation to reduce global climate
health burdens.
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