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ABSTRACT
Global warming could increase the number and severity of extreme weather events. These events are often known

to result in public health disasters, but we can lessen the effects of these disasters. By addressing the factors that cause
changes in climate, we can mitigate the effects of climate change. By addressing the factors that make society vulner-
able to the effects of climate, we can adapt to climate change. To adapt to climate change, a comprehensive approach
todisaster risk reductionhasbeenproposed.Byreducinghumanvulnerability todisasters,wecan lessen—andat times
even prevent—their impact.

Humanvulnerability isacomplexphenomenonthatcomprisessocial, economic,health,andcultural factors.Because
public health is uniquely placed at the community level, it has the opportunity to lessen human vulnerability to climate-
related disasters. At the national and international level, a supportive policy environment can enable local adaptation
to disaster events. The purpose of this article is to introduce the basic concept of disaster risk reduction so that it can
beappliedtopreventingandmitigatingthenegativeeffectsofclimatechangeandtoexaminetheroleofcommunity-focused
public health as a means for lessening human vulnerability and, as a result, the overall risk of climate-related disasters.

(Disaster Med Public Health Preparedness. 2011;5:(doi:10.1001/dmp.2011.30))
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Healthy life is an outcome of sustainable development, as well
as a powerful and undervalued means of achieving it. We need
to see health both as a precious asset in itself and as a means of
stimulating economic growth and reducing poverty.

—Dr Gro Harlem Brundtland,
Director-General Emeritus,
World Health Organization

In recent years, disasters triggered by natural hazards
have killed a growing number of people and have be-
come increasingly expensive (Figure 1).1 The world’s

poor, especially in emerging nations, are disproportion-
ately affected, and the most vulnerable and marginalized
people in those nations bear the brunt of most disasters.2

In particular, climate-related (eg, hydrological, meteoro-
logical) hazards affect this increasing number of people
and cause increasingly large economic losses.3 Between
1970 and 1999, 90% of all disaster-related fatalities were
the result of climate-related hazards.1 The Intergovern-
mental Panel on Climate Change (IPCC) reports that
these climate-caused natural hazards are predicted to rise
in frequency and severity well into the future.4

The health impact of climate change is well described in
theliterature(Table1).4-12Thepositiveandnegativehealth
effects of climate change vary from 1 location to another
and will alter over time as temperatures continue to rise.
TheIPCCnotes, “Critically importantwillbe factors that
directly shapethehealthofpopulations suchaseducation,
healthcare,publichealthprevention,andinfrastructure.”4

Human vulnerability to climate-change disasters is also
increasing worldwide. To mitigate this vulnerability, sci-
entists have proposed adapting to climate change through
a comprehensive approach to disaster risk reduction. This
proposal posits that adaptation should occur first at the
community level. Public health is uniquely placed at the
community level, where it can work to lessen human
vulnerability to climate-related disasters. The purpose
of this article is to introduce the basic concept of disas-
ter risk reduction so that it can be applied to prevent-
ing and mitigating the negative effects of climate change.

PUBLIC HEALTH IMPACT OF NATURAL
DISASTERS RELATED TO CLIMATE CHANGE
Climate change is usually defined as “any changing cli-
mate, over time, whether due to natural variability or as
a result of human activity.”4 In 1988, the World Meteo-
rological Organization and the United Nations (UN) En-
vironment Programme established the IPCC. In 2007,
the IPCC concluded that “Most of the observed in-
crease in global average temperatures since the mid-
20th century is very likely (90–99%) due to the ob-
served increase in anthropogenic greenhouse gas
concentrations.”4 The IPCC further stated that “Warm-
ing of the climate system is unequivocal, as is now evi-
dent from observations of increases in global average air
and ocean temperatures, widespread melting of snow and
ice, and rising global average sea level.”4
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As 1 of the main health hazards listed in Table 1, extreme
weather events predicted to occur as a result of global warming
are categorized as either high precipitation (eg, storms, floods,
landslides) or low precipitation (eg, heat, droughts, wildfires).
Without outside assistance, these events often overwhelm the
capacity of communities and societies to respond, and the re-
sulting mismatch between needs and resources generally re-
sults in a disaster declaration.

ADAPTING TO THE HUMAN HEALTH IMPACT
OF NATURAL DISASTERS
We can mitigate the future effects of climate change by address-
ing the factors that cause those changes (eg, carbon emissions)
and we can adapt to changes in climate by addressing the factors
that make society and the environment vulnerable to climatic
effects. The IPCC defines climate change mitigation as “initia-
tives and measures to reduce the vulnerability of natural and hu-
man systems against actual or expected climate change ef-
fects.”13 Mitigation policies focus on, for example, either controlling

the emissions of greenhouse gases or capturing and sequestering
those emissions (ie, reducing the hazard).

The IPCC describes adaptation as the “adjustment in natural or
human systems in response to actual or expected climatic stimuli
or their effects, which moderates harm or exploits beneficial op-
portunities.”13 Adaptation policies focus on taking steps to reduce
thehumanandenvironmental impactofclimate(ie, reducing the
vulnerability).Effectiveclimatepolicynecessarily requiresacom-
binationofmitigationandadaptation,but for thepastdecade, cli-
matepolicyhas“reflectedabiasagainstadaptation.”14Consequently,
althoughadaptationisexpectedtobecomeincreasingly important
in future climatic policy, explicit funding possibilities for adapta-
tion activities are limited.14 Nevertheless, public health can still
serveas an important instrument forpromotinganadaptationap-
proach to climate-related disasters. This article examines the role
of community-focused public health as a means for lessening hu-
manvulnerabilityasanadaptationtoextremeweathereventspre-
dicted to increase as a result of climate change.

TABLE
Adverse Health Effects Predicted to Increase as a Result of Climate Change

Environmental Hazards Associated
With Climate Change Health Hazards Adverse Health Effects

Temperature rise Heat stress Heat-related illness, cardiovascular disease
Weather extremes Injuries, fatalities
Air pollution Cardiovascular and respiratory disease

Sea level rise Allergies Respiratory disease
Vector-borne diseases Malaria, dengue fever, hantavirus, encephalitis, Rift Valley fever

Hydrologic extremes Water-borne diseases Cholera, cryptosporidiosis, campylobacter, leptospirosis
Water and food insecurity Malnutrition, diarrheal disease
Mental stress Anxiety, posttraumatic stress disorder, depression, fear
Population displacement Social disruption, forced migration, civil conflict

FIGURE 1
Number of natural disasters registered in CRED EMDAT 1900-2005
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DISASTER RISK REDUCTION AND CLIMATE CHANGE
Disaster Risk
Disasters are often described as “a serious disruption of the func-
tioning of a community or a society causing widespread human,
material, economic, or environmental losses that does exceed the
ability of the affected community or society to cope using its own
resources.”15 An emergency is an event that does not exceed a
community’s or a society’s capacity to cope.15 Emergencies and
disasters are thus part of a continuum of events that occur when
a population is exposed to a “threatening event or potentially
damaging phenomenon,” that is, a hazard.15 Risk reduction ac-
tions reduce the number of events that exceed the community’s
or society’s ability to respond, thereby preventing some emer-
gencies from ever becoming disasters.15 The following are defi-
nitions of terms related to disaster risk reduction15:

Capacity: The combination of all of the strengths, attributes,
and resources available within a community, society, or orga-
nization that can be used to achieve agreed-upon goals.

Disaster: A serious disruption of the functioning of a commu-
nity or a society involving widespread human, material, eco-
nomic, or environmental losses and effects, which exceeds the
ability of the affected community or society to cope using its
own resources.

Disaster risk: The potential disaster losses, in lives, health sta-
tus, livelihoods, assets, and services, which could occur to a par-
ticular community or a society over some specified future time
period.

Disaster risk reduction: The concept and practice of reduc-
ing disaster risks through systematic efforts to analyze and man-
age the causal factors of disasters, including through reduced
exposure to hazards, lessened vulnerability of people and prop-
erty, wise management of land and the environment, and im-
proved preparedness for adverse events.

Exposure: People, property, systems, or other elements pres-
ent in hazard zones that are thereby subject to potential losses.

Hazard: A dangerous phenomenon, substance, human activ-
ity, or condition that may cause loss of life, injury or other health
effects, property damage, loss of livelihoods and services, so-
cial and economic disruption, or environmental damage.

Mitigation: The lessening or limitation of the adverse effects
of hazards and related disasters.

Resilience: The ability of a system, community or society ex-
posed to hazards to resist, absorb, accommodate, and recover
from the effects of a hazard in a timely and efficient manner,
including through the preservation and restoration of its es-
sential basic structures and functions.

Susceptibility: The state of being at risk, if exposed to a hazard.

Sustainable development: Development that meets the needs
of the present without compromising the ability of future gen-
erations to meet their own needs.

Vulnerability: The characteristics and circumstances of a com-
munity, system, or asset that make it susceptible to the dam-
aging effects of a hazard.

Disaster consequences may include loss of life, injury, disease,
and other negative effects on human physical, mental, and so-
cial well-being, together with damage to property, destruction
of assets, loss of services, social and economic disruption, and
environmental degradation.15 The severity of these conse-
quences is referred to as disaster impact. Disasters occur as a re-
sult of the combination of population exposure to a hazard, the
conditions of vulnerability that are present, and insufficient ca-
pacity or measures to reduce or cope with the potential nega-
tive consequences.

Disaster risk is “the probability of harmful consequences, or ex-
pected losses (deaths, injuries, property, livelihoods, eco-
nomic activity disrupted, or environment damaged) resulting
from interactions between natural or human-induced hazards
and vulnerable conditions.”15 Disaster likelihood is the prod-
uct of the probability of the hazard occurrence and the prob-
ability of a vulnerable population becoming affected by a di-
saster. Thus, a disaster is defined by the vulnerability of the
population to a hazard event, not by the mere fact of its occur-
rence.16 For any given hazard, risk is variable according to the
particular vulnerability of the population (eg, degree of popu-
lation susceptibility, exposure to, and resilience against the haz-
ard). Risk reduction measures lessen the number of events that
exceed the community’s or society’s ability to respond, thereby
preventing some emergencies from ever becoming disasters.

Risk assessment is widely used to quantify environmental health
risk. The risk equation has also been broadly applied to esti-
mate disaster risk according to the following relation17:

P(D)=k[p(H)�p(V)] – AC

where p(D)=risk of disaster occurrence, p(H)=the probabil-
ity of hazard occurrence, p(V)=the probability of population
vulnerability, and AC=absorptive (also known as adaptive) ca-
pacity. In this example, vulnerability is the degree to which a
community or an asset is unable to resist hazard-related dam-
age and loss owing to that community’s specific physical, eco-
nomic, and environmental circumstances. Absorptive/
adaptive capacity is described as a limit to the rate or quantity
of impact that can be absorbed or adapted to without exceed-
ing the disaster declaration threshold. According to this equa-
tion, among at-risk populations disaster risk is reduced by re-
moving the hazard itself, decreasing the vulnerability to risk,
and increasing the capacity to absorb risk.
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Disaster Risk Reduction
Throughout the world, the overall approach to emergencies and
disasters has recently shifted from postimpact activities (ie, ad
hoc relief and reconstruction) to a more systematic and com-
prehensive process of risk management.17 Disaster risk man-
agement includes both preimpact disaster risk reduction (ie, pre-
vention, preparedness, and mitigation) and postimpact
humanitarian and development action (ie, response and
recovery).18 Figure 2 represents a diagram of the disaster life cycle
comparing risk avoidance, reduction, and retention measures.

The underlying goal of disaster management is to reduce risk
to both human life and systems important to livelihood:
“Climate change adaptation must become part and parcel of
comprehensive risk management.”19 The effective impact of the
disaster event, then, is determined by the resources of the com-
munity and the community’s ability to use its resources, re-
ferred to here as “capacities” or “coping mechanisms.”20

Disaster reduction has emerged as a core element of sustain-
able development: “The continued upward spiral of the costs
of natural disasters in the United States will be broken only by
a strategy that addresses the full range of obstacles to natural
disaster reduction.”21 However, investments in and projects for
risk reduction can either increase or reduce vulnerability to haz-
ards.19 This is most often the case with population relocation

schemes, in which livelihoods and social networks are dis-
rupted.18,22 The 2002 World Summit on Sustainable Develop-
ment concluded that “an integrated multi-hazard, inclusive ap-
proach to address vulnerability, risk assessment, and disaster
management, including prevention, mitigation, preparedness,
response, and recovery, is an essential part of a safer world in
the twenty-first century.”23 Reducing risk requires long-term en-
gagement in the development process,19 and the actual work
of disaster risk reduction is largely a task for local actors.18 An
example is community-level public health departments, albeit
with support from national and international organizations, par-
ticularly in humanitarian actions.

Prevention and the Disaster Management Cycle
Disaster risk reduction shares some tenets with preventive medi-
cine.24 As in preventive medicine, risk reduction calls for a ba-
sic attitude shift in the minds of many who traditionally be-
come sick first and seek treatment later. When, however, disasters
are understood as the outcome of accumulated risk produced
by years of vulnerability and underlying hazard, the case for pre-
ventive action can be made more plainly.18

Continuing with the preventive medicine analogy, primary and
secondary disaster prevention are activities undertaken during
a disaster’s preimpact phase.25 Primary prevention seeks to pre-
vent adverse events from occurring. For example, floodplain
management in an area of frequent flooding may actually pre-
vent future inundation disasters altogether. Secondary preven-
tion takes advance measures that decrease or eliminate the ef-
fects of risk.17 It involves disaster mitigation, that is, “structural
and nonstructural measures undertaken to limit the adverse im-
pact of natural hazards, environmental degradation, and tech-
nological hazards,” and preparedness, which is “activities and
measures taken in advance to ensure effective response to the
impact of hazards.”15 As the level of preparedness increases, the
ability of a society to absorb an event becomes a dependent vari-
able of that preparedness, and adverse outcomes are reduced.17

In other words, by increasing public health preparedness, we
increase human resilience, decrease human vulnerability, and
thus lessen the risk of disasters. In addition, effective risk re-
duction activities strengthen the buffering capacity of a popu-
lation to respond to those everyday emergencies found in all
societies.26 Finally, tertiary prevention activities involve the
postimpact phase of disaster response and recovery, when ac-
tions are undertaken to minimize loss of life and damage and
to return to a preevent status.

In this context, safety is best thought of as the opposite of risk.
Risk reduction activities seek to first prevent public health di-
saster from occurring and then to prepare for and mitigate the
health effects of the disaster. Public health may not have the
capability to influence the probability of a hazard occurrence
(eg, preventing the heat wave itself), but within public health
lies a unique ability and opportunity to lessen human vulner-
ability to the hazard.

FIGURE 2
A diagram of the disaster cycle comparing risk
avoidance, reduction, and retention measures
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PUBLIC HEALTH VULNERABILITY REDUCTION
Vulnerability to Disasters
Human vulnerability to disasters is a complex phenomenon that
includes social, economic, health, and cultural factors. Given
that an environmental hazard is likely to occur, the risk of a
public health disaster is lessened by reducing human expo-
sures to the hazard by a reduction of human vulnerability, less-
ening human susceptibility to the hazard, and building resil-
ience to the impact of the hazard.27

Exposure Reduction
Within this context, exposure is defined as subjection to the
influence or effects of a disaster-related health hazard. The tox-
icity or lethality of an environmental health hazard is often char-
acterized by a dose–response relation. Typically, as the degree
of exposure to a health hazard increases, the human emotion
of concern—itself an adverse health effect—appears in more
of the population. In the case of natural disasters, the degree of
exposure of a given population to the environmental hazard (eg,
extremes of wind, temperature, precipitation, seismicity, vol-
canism) has a direct relation to the incidence and severity of
adverse health outcomes.27-29 People located in close proxim-
ity to the disaster hazard have a higher risk for injury and ill-
ness as compared with those who are less exposed. For ex-
ample, people living in temperate climate zones may be at higher
risk for exposure to hazardous extremes of temperature.

Mitigation serves to reduce population vulnerability by reduc-
ing population exposure to disaster hazards.27 Mitigation may
occur as both structural and nonstructural measures.28 Disaster-
related mitigation activities reduce deaths and injuries by re-
ducing exposure of the population to the hazard. Mitigation mea-
sures ensure structural safety through enforcement of adequate
building codes, promulgation of legislation to relocate struc-
tures away from disaster-prone areas, land use planning and regu-
lation, and management of high-hazard zones.29 Critical facili-
ties can be identified before disaster occurrence, and engineering
measures may be taken to mitigate loss of critical health infra-
structure and assets during extreme weather events.

Susceptibility Reduction
Within the context of disaster risk reduction, susceptibility is
defined as the likelihood of experiencing an adverse health effect
when exposed to a given health hazard. Populations are not
equally susceptible to the same health hazard. Differences among
people are due to such factors as sex, age, genetic predisposi-
tion, and health status. With natural disasters, the degree of
susceptibility to a given environmental hazard also has a di-
rect relation to the frequency and severity of adverse health out-
comes. Individuals who are more susceptible to a disaster haz-
ard have a higher risk for injury and illness as compared with
those who are less susceptible. For example, older adults living
in temperate climate zones are more susceptible to heat wave
disasters than are young adults living in the same location; vac-
cinated people are less susceptible than unvaccinated people
to infectious disease disasters; and population-feeding pro-

grams reduce susceptibility to malnutrition and associated co-
morbid conditions. In general, healthy people30 are less suscep-
tible than unhealthy people to the adverse health effects of
disasters. Populations with a lower burden of communicable and
noncommunicable disease are less likely to have such illnesses
exacerbated by environmental hazards such as temperature rise,
sea level rise, and hydrologic extremes. Healthy populations are
also more capable than unhealthy populations of taking ac-
tions to mitigate their own risk of illness and injury in the case
of disaster.

Resilience Building
The UN International Strategy for Disaster Reduction defines
resilience with reference to natural hazards as “the capacity of
a system, community, or society to resist or to change in order
that it may obtain an acceptable level in functioning and struc-
ture.”31 The resilience of a social system is determined by the
degree to which the system has the necessary resources and is
capable of organizing itself to develop its capacities to imple-
ment disaster risk reduction and to institute the means to trans-
fer or manage residual risks. People within a population are not
equally resilient to the same disaster hazard. Differences among
individuals are typically due to social and economic factors such
as socioeconomic status, governmental/organizational struc-
tures (eg, the public health and medical system), social capi-
tal, political influence, and behavioral determinants. In natu-
ral disasters, the degree of resilience to a given environmental
hazard has also been implicated as having a direct relation to
the incidence and severity of adverse health outcomes.27 People
who are less resilient to the disaster hazard have a higher risk
for injury and illness as compared with those who are more re-
silient. For example, poor, socially isolated, or underprepared
people living in temperate climate zones (eg, those living in
New Orleans, LA, before Hurricane Katrina) are more suscep-
tible to temperature-extreme injury than are affluent, well-
connected people who prepare and otherwise ensure their own
readiness for such an event. Certain characteristics of the built
environment may also affect community resilience and make
communities more prone or less prone to disaster. Prepared-
ness implies a behavioral approach focused on actions taken
in advance of a disaster to reduce its impact. This helps to build
resilience from the adverse health effects of disaster hazards.

Other measures besides preparedness also serve to increase the
resilience of a population to disaster hazards. These capacity-
building measures may include humanitarian relief and re-
sponse, poverty-reduction programs, sustainable develop-
ment, and social networks that link vulnerable populations
together and with resources that may assist in the case of di-
saster. Measures that build surge capacity among human and
material resources also help to build disaster resilience.

Reducing Vulnerability
Disaster vulnerability reduction programs strive to minimize ex-
posures, reduce susceptibility, and increase resilience. Public
health disasters are prevented when populations are protected
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from exposure to the hazard from the outset. Depending on so-
cial and technical feasibility and cost–benefit considerations,
investing in preventive measures may be justified in areas fre-
quently affected by disasters. Prevention may include struc-
tural or nonstructural measures. Public awareness and educa-
tion can be used to promote a “culture of prevention” and to
encourage local prevention activities. Public health disasters
may also be mitigated through structural measures (eg, engi-
neering techniques, hazard-resistant construction) or non-
structural measures (eg, improved policies, legislation, public
awareness, training and education, public commitment, oper-
ating practices) undertaken to limit the adverse impact of a
health hazard. Prevention and mitigation of emergencies de-
crease susceptibility to the adverse health effects of disasters.27

A capacity for actions related to preparedness, response, and
recovery increase resilience to disasters.27

Human vulnerability to climate-related hazards is also increasing
because of rising poverty, a growing global population, and other
underlying development issues.18 During the last decade, the UN
InternationalDecadeforDisasterReduction,the1994WorldCon-
ference on Natural Disaster Reduction (commonly referred to as
theYokohamaConference), the2002WorldSummitonSustain-
able Development, and the 2004 World Conference on Disaster
Reduction have contributed to a significant shift in disaster man-
agement toward a more comprehensive understanding of the un-
derlying causes of hazard vulnerability and the development of a
forward-looking, longer-term strategy for anticipating and man-
aging risk3: “Climate-related vulnerability is the set of social, eco-
nomic, political, and physical factors that determines the amount
of damage a given event will cause and the capacity to anticipate,
cope with, resist, and recover from that damage.”19

Vulnerability reduction focuses on the ability of people and com-
munities to recover (resilience). It places at-risk people at the
center, and it tasks the responsible authorities with enhancing
social equity and promoting community cohesiveness while urg-
ing a heightened sense of personal responsibility. Fundamen-
tal to vulnerability reduction is a change in attitude; a willing-
ness to take on greater personal and local responsibility for
mitigating losses that over time will supplant undue reliance
on state intervention.32 The high degree of dependence of many
communities on federal and state disaster assistance also raises
questions about the sustainability of that assistance. Indeed, sus-
tainability in part embodies a spirit of responsibility and self-
sufficiency; heavy reliance on outside resources appears incon-
sistent with this view. An increased sense of self-sufficiency
means communities can better prepare to cope with the finan-
cial implications of climate-related disaster events and will likely
use more of their own resources, perhaps in all but the most cata-
strophic of disasters. At least in part, this means accepting more
responsibility for development in vulnerable places and striv-
ing over time to reduce dependence.33

Vulnerability links people with their environment and with the
social forces, institutions, and cultural values that sustain people.

As such, reducing vulnerability is a key aspect of reducing cli-
mate-change risk.19 The Yokohama Strategy and Plan of Ac-
tion for a Safer World led to a change in the UN’s approach to
mitigating disasters. Previously, the UN had treated human ac-
tions and the vulnerabilities of human beings as the main causes
of disaster.18 O’Brien et al observed that disaster management
has evolved from a “relief and response” approach to a more
proactive risk management approach, with a greater focus on
reducing vulnerabilities19; however, initiatives aimed at miti-
gation and prevention are still too few and too underfinanced.

POVERTY, HEALTH DISPARITY,
AND DISASTER VULNERABILITY
The burden of natural disasters falls disproportionately on the
disenfranchised—the poor, ethnic minorities, old people, and
people with disabilities. Worldwide, loss of life from climate-
related disasters is far higher among the less-developed na-
tions than it is in developed nations. Yet, within each nation,
including developed nations, poor people are the most af-
fected4,22,34: “The poorest people in the poorest countries are
the most vulnerable—and it is vulnerability that kills.”35

Poverty is an important determinant of environmental risk—
and hence of socioeconomic vulnerability—and is an impor-
tant constant of adaptive capacity.34 Poverty is both a condi-
tion and a determinant of vulnerability; as such, poverty
reduction is an essential component of reducing vulnerability
to natural hazards and to climate change.3 To reduce vulner-
ability to climate-related disasters, a clear understanding is
needed of who is the most vulnerable to such disasters. The most
vulnerable tend to be particular social groups, such as those with
inadequate access to economic (eg, credit, welfare) and social
capital (eg, networks, information, relationships).3,36 Some of
the risk factors for human vulnerability to disaster-related mor-
bidity and mortality include the following34,36:

• Low income
• Low socioeconomic status
• Lack of home ownership
• Single-parent family
• Older than 65 years
• Younger than 5 years
• Female sex
• Chronic illness
• Disability
• Social isolation or exclusion

These groups are most vulnerable to the public health effects of
natural disasters. These high-risk populations must be prioritized
in efforts to decrease human vulnerability. Because public health
is the school of medicine concerned with the health of the com-
munity as a whole, it routinely builds capacity and resilience among
these populations. In many cases, public health programs uniquely
address the issues related to health disparities that arise between
the general population and these most vulnerable groups.
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SUSTAINABLE DEVELOPMENT AND RISK REDUCTION
The emerging vision of environmental sustainability as wed-
ded to economic vitality and social equity is becoming an
important rationale for reducing natural-hazard risk to
human settlements.37 Sustainable development is “develop-
ment that meets the needs of the present without compro-
mising the ability of future generations to meet their own
needs.”38 Principle 1 of the Declaration of the UN Confer-
ence on the Human Environment at Stockholm stated,
“Man has the fundamental right to freedom, equality, and
adequate conditions of life, in an environment of a quality
that permits a life of dignity and well-being, and he bears a
solemn responsibility to protect and improve the environ-
ment for present and future generations.”38

The high property damage levels in recent disasters clearly sug-
gest that current patterns and practices of land use and com-
munity building are not sustainable in the long run.33 For ex-
ample, the economic effects of Hurricane Katrina, which hit
the United States in late August 2005, were far reaching. As
of April 2006, the Bush administration had sought $105 bil-
lion for repairs and reconstruction in the region, making it the
costliest natural disaster in US history. The total economic im-
pact on Louisiana and Mississippi may exceed $150 billion.39

By enhancing adaptive capacity and increasing resilience, sus-
tainable development reduces vulnerability to climate change
for the long term.4,40

Developing nations are particularly affected by climate
change.4,18 Not only can disasters lead to loss of life and
destruction of homes, infrastructure, and livelihoods but they
can also cause significant financial damage that can impede
development. Hurricane Mitch caused losses in Honduras
and Nicaragua that set development back 20 years.41 Disas-
ters triggered by natural hazards are a consequence of devel-
opment failure as much as failed development is the product
of disasters.42 Economic development achieved in a sustain-
able manner could itself be regarded as an adaptation mea-
sure for climate change.43

Climate change increases the urgency to integrate risk man-
agement into development interventions. Climate change is
the nexus at which sustainable development, policy, climate
change, and communities intersect.19 Addressing climate change
can be viewed as 1 component of a broad, sustainable devel-
opment strategy that aims to increase national and regional ca-
pacity to deal with climate variability and long-term climate
change.18 Some believe that risk reduction and, more specifi-
cally, measures directed at the underlying macrolevel causes of
vulnerability should be integrated into development policy. Oth-
ers believe that explicit climate change adaptation strategies
should respond only to the ramifications of change. Still oth-
ers advocate that climate change does not call for a different
or new strategy because problems created by climate change will
build upon existing development problems.44

SUSTAINABLE COMMUNITIES AND CLIMATE CHANGE
Sustainable communities are communities “where people and
property are kept out of the way of natural hazards, where the
inherently mitigating qualities of natural environmental sys-
tems are maintained, and where development is designed to be
resilient in the face of natural forces.”45 A community that is
healthy and safe promotes the concept of resilience within the
community. It can be built and enhanced to support all of the
community’s members, neighborhoods, schools, churches, work-
places, and government. Also, public health is by definition the
science and practice of protecting and improving the health of
a community. Community-based public health agencies rou-
tinely develop and implement interventions that lessen hu-
man vulnerability, often targeting high-risk groups through a
wide range of programs. By reducing the vulnerability of the
at-risk population, community-based public health is uniquely
positioned to match sustainable adaptation to the increasing
risk of climate-related disasters.

Mounting evidence suggests that social, health, and economic
consequences are inherent in the built environment. Human-
modified places such as homes, schools, workplaces, parks, in-
dustrial areas, farms, roads, and highways that make up the physi-
cal and social construct of the urban environment also promote
isolation.46 This isolation may result in a lack of social net-
works and diminished social capital that further exacerbates vul-
nerability to climate-related disasters.47

Although preliminary research demonstrates the health ben-
efits of sustainable communities, the health-related impact of
mediating and moderating factors within the built environ-
ment needs further exploration. Recent research explores the
improved built environment effects of physical activity, asthma,
obesity, cardiovascular disease, lung cancer mortality, and men-
tal health.30 As with environmental disasters in general, the im-
pact of the built environment on the burden of illness is greater
among minorities and low-income communities.30 Conse-
quently, these populations may already experience much greater
baseline burdens of disease in addition to any future increases
in disaster-related morbidity and mortality associated with cli-
mate change.48 In the context of natural disasters, a pressing
need remains for more concerted research that will identify ways
in which the built environment affects health, either nega-
tively or positively.

BUILDING PUBLIC HEALTH RESILIENCE
IN SUSTAINABLE COMMUNITIES
MargaretaWahlstrom,UNAssistantSecretary-General,has said,
“Disasters are first and foremost a local phenomenon. It is there-
fore fitting that we focus our energies on improving local commu-
nities’resiliencetonaturalhazards.Disasterreductionbeginsathome,
in our schools, places of work and worship, and throughout local
communities.”48 The increased riskofnaturaldisastersbroughton
by climate change also presents an opportunity to build healthy
anddisaster-resilienthomesandcommunities.Althoughdisasters
destroylivesandproperty, theyalsocreateopportunitiestoimprove
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safety, enhance equity, and rebuild in new or different ways. Ide-
ally,thoseopportunitieswouldproducesafercommunitieswithmore
equitable and sustainable livelihoods for people.49 Community
public health and medical institutions can play an active part in
lesseninghumanvulnerability toclimate-relateddisasters through
promotionofhealthypeople,healthyhomes,andhealthycommu-
nities.30 Healthypeopleare less likelytoexperiencedisaster-related
morbidity or mortality and are therefore more disaster resilient.
Healthy homes are disaster resilient—they are designed and built
to remain safe during extreme weather events. Healthy commu-
nities minimize exposure of people and property to natural disas-
ters; inotherwords, sustainablecommunities aredisaster-resilient
communities.33 In this sense, nearly all avenues of public health
promotion can also act to reduce the risk of future climate-related
disasters.

Populations that have easy access to economical, community-
based public health and medical services are obviously more
resilient against disasters. After Hurricane Katrina, a 2005 Lan-
cet editorial criticized the level of public and governmental sup-
port for a resilient public health system that protects human
life when disasters occur.50 Significant and growing general con-
cern surrounds the longer-term effects of climate change on hu-
man health.4 Sustainable, cost-effective, community-based pub-
lic health and medical systems strengthen populations’ resilience
to extreme weather events, and methods that reduce popula-
tions’ vulnerability also increase resilience against natural di-
sasters caused by climate change.

CONCLUSIONS
Mitigation through large-scale reduction of carbon emissions
and increase of sequestration can lessen or avoid altogether many
of the effects of climate change. Although humans may not al-
ways have the ability to prevent climate-related hazards from
occurring, the public health and medical sectors can play an
important role in lessening or even preventing the human suf-
fering that is part and parcel of these disasters. Climate change
adaptation, public health, and disaster risk management should
be mainstreamed with sectoral activities and development pro-
cesses.3 At the community level, all 3 of these societal risk re-
duction programs are characteristically well integrated.51,52 Com-
munity-based risk reduction activities that integrate public
health, disaster management, and climate change lessen hu-
man vulnerability to the effects of natural disasters. In this re-
gard, public health vulnerability-reduction activities that lessen
disaster risk can also serve as a sustainable adaptation to cli-
mate change, and a supportive policy environment at the na-
tional and international level can enable local adaptation.53
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