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Health of the Homeless and Climate Change

Brodie Ramin and Tomislav Svoboda

ABSTRACT The homeless are amongst the most vulnerable groups in developed regions,
suffering from high rates of poorly controlled chronic disease, smoking, respiratory
conditions, and mental illness, all of which render them vulnerable to new and resurgent
disease processes associated with climate change. To date, there have been no papers
reviewing the impacts of climate change on the homeless population. This paper
provides a framework for understanding the nature of such an impact. We review four
pathways: increased heat waves, increased air pollution, increased severity of floods and
storms, and the changing distribution of West Nile Virus. We emphasize the need for
further debate and research in this field.
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INTRODUCTION

While the harmful effects of climate change will occur predominantly in developing
countries, vulnerable populations in developed regions such as North America will
also face substantial health impacts.1 The homeless are amongst the most vulnerable
groups in developed nations. To date, there have been no papers reviewing the
impacts of climate change on the homeless population. This paper reviews the
literature and provides a framework for understanding the nature of such an impact.
We review four pathways: increased heat waves, increased air pollution, increased
severity of floods and storms, and the changing distribution of West Nile Virus. We
emphasize the need for further debate and research in this field.

HEALTH OF THE HOMELESS

The definition of homelessness commonly used in health research includes
individuals who sleep in shelters as well as ‘absolute homelessness’ which describes
individuals who sleep outdoors or in other places not intended for human
habitation.2 Using this definition, approximately 5 to 8 million Americans
experienced homelessness within the last 5 years and approximately 1% of the
populations of New York and Toronto use a homeless shelter each year.3–5

Chronic disease severity in homeless populations is often greater than in the
general population due to extreme poverty, delays in seeking care, non-adherence to

Ramin and Svoboda are with the Faculty of Medicine, University of Toronto (BR, TS), Toronto, ON,
Canada; Ramin and Svoboda are with the Centre for Research on Inner City Health, St. Michael’s
Hospital, Toronto, ON, Canada.

Correspondence: Brodie Ramin, Centre for Research on Inner City Health, St. Michael’s Hospital, 70
Richmond Street East, First Floor, Toronto, ON M5C 1N8, Canada. (E-mail: brodie.ramin@utoronto.ca)

654



therapy, substance abuse, cognitive impairment, and other factors.2 Cancer, heart
disease, and cerebrovascular disease are major causes of death in the homeless,
particularly amongst older men.6,7 Furthermore medical conditions such as
hypertension, high cholesterol and diabetes are more likely to be poorly controlled
in homeless patients.8 These conditions can be immunocompromising which
increases the vulnerability of the homeless to infectious diseases.

Respiratory conditions are very common amongst the homeless.9 Self-reported
rates of lung diseases such as asthma, chronic bronchitis and emphysema in the
homeless are double that of the general population and these conditions are often
poorly controlled.10,11 The rate of asthma in homeless children in the US has been
reported at six times the national rate for children.9,12–14

Levels of mental illness such as depression and schizophrenia amongst the
homeless are much higher than the general population.15–17 Substance use is also
very common; problems with alcohol are six to seven times more prevalent among
homeless people than in the general population.2,8 The prevalence of smoking in
the homeless is between two to three times that of the general population.8,10,18

Homeless individuals, particularly those who live on the street, are particularly
vulnerable to morbidity and mortality resulting from heat or cold exposure.19 Low
socioeconomic status and poor housing conditions are known risk factors for
vulnerability to heat stress and heat waves have been documented to cause death
amongst homeless populations.20,21

CLIMATE CHANGE AND THE HEALTH OF THE HOMELESS

1. Heat waves

Climate change is projected to result in higher maximum temperatures, higher
minimum temperatures, and an increase in the frequency and intensity of heat waves.22

These changes have already begun: 2005 was the hottest year on record in North
America, while the number of days per year above 30°C has almost doubled in the
city of Toronto from the period 1961–1990 to the period 1995–2005.23

Heat waves are associated with significant increases in mortality, particularly in
the young and elderly.24–26 In 2003, Europe experienced the hottest summer since
1500 and the ensuing heat wave caused an estimated 35,000 deaths across the
continent.20 In Paris, for the period of June 1st–August 31st 2003, the average
maximum temperature was 10°C greater than the 30-year average.22

Models of heatwave impacts for the next several decades project a doubling to
tripling of mortality in many urban centers in the US.22,25 In New York City, sum-
mer heat-related mortality could more than double by the 2050s, and more than
triple by the 2080s.27 Similar projections are made for four large Canadian cities:
Toronto, Montreal, Ottawa, and Windsor.23

The homeless are vulnerable because the risk factors for mortality and
morbidity from heat correlate closely with the characteristics of homeless
individuals. Pre-existing psychiatric illness has been shown to triple the risk of
death from extreme heat.28 Other risk factors for death during heat waves include
cardiovascular disease, pulmonary disease, advanced age, living alone, being socially
isolated, not using air conditioning, alcoholism, using tranquilizers, and cognitive
impairment.20,29–32 These are all characteristics which are more common amongst
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homeless individuals. Furthermore, up to 91% of homeless populations in the US live in
urban or suburban areas, where they are at increased risk from heat waves due to the
heat island effect.33 This effect occurs because built structures such as concrete,
asphalt, and metal preferentially absorb heat that is then re-radiated thereby causing
urban areas to be 5–11°C warmer than surrounding rural regions.21,34,35

2. Air Pollution

Of the major air pollutants (ground-level ozone, acid aerosols, particulate
matter [PM] and carbon monoxide), ground-level ozone (O3) will be most altered by
climate change. Ozone is formed in the atmosphere by the reaction of volatile
organic compounds (VOCs) and nitrogen oxides (NOx) in the presence of sunlight;
thus peak O3 concentrations are observed in warmer conditions.36 As summer
temperatures rise, concentrations of ground-level ozone are already increasing
across the planet. Climate change is projected to increase ground-level ozone by 2–
4% for a 2°C increase and by about 5–10% for a 5°C increase.36

Globally, there are an estimated 800,000 deaths related to air pollution per
year.37 A European study found that air pollution contributes to 6% of total
mortality.38 Exposure to elevated concentrations of ground-level ozone in particular
is associated with morbidity such as shortness of breath and restricted activity, with
increased hospital admissions for pneumonia, chronic obstructive pulmonary
disease, asthma, allergic rhinitis, and with premature mortality.24,39

A study of 50 US cities found that increased ozone would lead to an increase in
total, cardiovascular, and respiratory mortality, as well as hospital admissions for
asthma, COPD, and other respiratory causes.39 One study projected a 4.6% increase
in ozone-related deaths across the 31 counties of the New York metropolitan region
between the 1990s and the 2050s.40 A study of four cities in south central Canada,
using different methodologies, projected that air-pollution-related mortality could
increase by 20–30% by the 2050s and by 30–45% by the 2080s, largely due to
increases in ozone-associated mortality.23

Air pollution has been found to disproportionately impact those suffering from
cardio-respiratory conditions, those who spend more time outdoors, those with
ischemic heart disease, peripheral vascular disease, COPD and asthma.36,41 The
homeless are therefore particularly susceptible to illness and death from climate
change related increases in air pollution due to their high levels of exposure to
outdoor air pollution and their underlying respiratory and cardiovascular conditions
which are often poorly controlled.

3. Storms and Floods

Floods account for 40% of all natural disaster damage and injury in the US.42

Worldwide, from 1992 to 2001, floods were the most frequent natural disaster,
killing almost 100,000 people.22

Coastal megacities such as New York and Los Angeles are at risk of floods as
well as damage from hurricanes.42,43 One study estimates a 24% increase in the
frequency of extreme precipitation events in the continental US between 1948 and
2008.44 Climate models suggest future increases in the frequency of extreme
precipitation events which enhance the risk of flooding because a high volume of
rainfall occurs in a short period of time potentially overwhelming natural and man-
made drainage systems.42,45
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Approximately 70 million people in the United States are vulnerable to
hurricanes and an average of 50–100 people are killed per event.42 The health
impacts of floods and storms include drownings, infectious disease outbreaks, and
an increased incidence of anxiety and depression.46 The mental health impacts can
be significant, for example 20–30% of local residents who lived through Hurricane
Andrew met the criteria for PTSD at 6 months and 2 years after the event.42

Floods and storms, like all natural disasters, disproportionately impact
vulnerable populations.24 Homeless people generally occupy marginal areas that
are more vulnerable to environmental hazards.47,48 The urban homeless are
particular at risk from natural disasters, but are often not considered in disaster
planning.49 They are also at risk from the sequelae of floods, for example men with
low occupational status and individuals 55–64 years of age are at high risk for
psychological symptoms following such events.22 Baseline poor health is also a key
risk factor for adverse health outcomes after disasters.50

4. West Nile Virus

The West Nile Virus (WNV) was introduced into North America in 1999.57 The
virus has spread rapidly from 62 human cases in the US during 1999 to 1,338 cases
during 2008 and WNV is now found in all states of the US except Hawaii, Alaska,
and Oregon.58 Research has suggested there is an association between warm dry
summers resulting from climate change and the introduction of West Nile Virus to
North America in 1999.59 Furthermore, an earlier onset of spring resulting from
climate change is projected to prolong the amplification cycle of the virus resulting
in an increased incidence of human infection.60 As occurred following Hurricane
Katrina, extreme weather can lead to spikes in infectious disease outbreaks such as
WNV (see box).55

Mosquitoes are most active at night; therefore, individuals who sleep outdoors
are at increased risk of exposure to Culex species of mosquitoes which carry West
Nile Virus.61 Furthermore, those over the age of 55 and people with compromised
immune systems are at higher risk of developing meningoencephalitis if they become
infected with WNV.62 This may include people with chronic illnesses such as

Case Study: Hurricane Katrina and the Homeless
Hurricane Katrina which occurred in 2005 was the deadliest hurricane in the US in seven
decades with more than 1,600 confirmed deaths and more than 1,000 people missing.51

Although one cannot prove that individual storms such as Hurricane Katrina are caused by
climate change, increases in the intensity of extreme storms and flooding are consistent with
climate change projections.52 Furthermore, the experience of Katrina shows that vulnerable
populations can be significantly harmed by floods and storms even in North America.

It has been documented that marginalized and poor individuals were most affected by the
storm.53 Following Katrina, 93% of shelter residents were African–American, 32% had household
incomes below $10,000/year and 54% were uninsured.54 The estimated prevalence of
mental illness doubled after Hurricane Katrina.51 The incidence of West Nile Virus also more
than doubled in 2006 in the hurricane-affected regions of Louisiana and Mississippi.55 Finally
the storm created homelessness: after Katrina, the homeless population of New Orleans nearly
doubled to 12,000 or 4% of New Orleans’ population.56
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alcoholism, diabetes, or heart disease, conditions with high prevalence amongst the
homeless.63 Whether or not those who are homeless become vulnerable to other
infectious diseases, such as malaria, remains to be seen although it is considered
unlikely that vector-borne diseases will cause major epidemics in the US so long as
the public health infrastructure is maintained (Table 1).60,64

HEALTH BENEFITS FROM CLIMATE CHANGE

While this paper has focused on the adverse impacts of climate change on the health
of the homeless, it is also recognized that climate change may have some positive
impacts. The positive effects will come predominantly through warmer winters
resulting in decreased mortality from cold exposure.24,65 In Canada, cold-related
mortality may decline by as much as 45–60% by 2050.23 Furthermore, respiratory
illnesses such as influenza may be reduced slightly by warmer winters.60 Most
research has suggested that while there will be health gains, they will be minor and
will be outweighed by the adverse health impacts of climate change.22,65

DISCUSSION

High rates of poorly controlled chronic disease, smoking, respiratory conditions,
mental illness and exposure to extreme temperatures and vector populations render
homeless populations vulnerable to new and resurgent disease processes associated
with climate change. Homeless individuals, already vulnerable to extreme heat, will
be adversely affected as temperatures increase. If climate change causes increased
levels of ground-level ozone, the homeless may bear a significant burden of the
increase in disease due to their high rates of cardiovascular and respiratory
conditions. Increased heavy precipitation, increased intensity of hurricanes and
concomitant increased floods will disproportionately impact the homeless because
they occupy marginal areas, they are less able to transport themselves out of flood
areas and they are more likely to suffer sequelae from such disasters. Finally, if the
incidence of WNV continues to increase in North America, the homeless will be
affected by virtue of the greater periods of time they are outdoors and the prevalence
of immunocompromising conditions which predispose them to more severe forms of
the disease.

The IPCC asserts that the stress of climate change will coalesce with other
stresses to impact individuals and societies.34 We posit that the impacts of climate
change will coalesce with the pre-existing vulnerability of homeless individuals. The
equity implications of climate change have been discussed extensively in the context
of the North–South divide.35 The equity dimension applies equally to the homeless:
they are among the most vulnerable citizens and have among the smallest carbon
footprints and yet they may bear a disproportionate burden of the effects of climate
change. Although some of the literature on climate change and health makes
reference to ‘vulnerable’ populations, the homeless are virtually ignored in the
existing literature. The potentially harmful impact of climate change provides yet
another rationale for accelerating progress towards ending chronic homelessness in
North America.

The impacts of climate change can be addressed by two types of responses:
adaptation and mitigation. Adaptation refers to changes in behavior and infrastruc-
ture that work to reduce the negative impacts associated with climate change; below
we discuss adaptation measures specific to the homeless. Mitigation by contrast
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involves getting to the root of the problem by preventing climate change, for
example by reducing CO2 emissions. Mitigation options are discussed extensively
elsewhere.66

Adaptation to heat waves in urban areas has been extensively researched. Many
developed world cities have in place sophisticated Heat-Health Warning Systems
(HHWS) which use meteorological forecasts to initiate acute public health
interventions designed to reduce heat-related impacts on human health during
atypically hot weather.20,25 Outreach to the homeless is often a component of such
systems. On days when meteorological criteria are met, homeless shelters are
requested to remain open, cooling stations are identified, transit tokens are
distributed to homeless and outreach programs are activated.26,67

An example of adaptation to WNV includes a document developed by Toronto
Public Health which provides information on WNV specific to the homeless
population.61 A significant difficulty with such outreach and information programs
is that less access to the internet and other mass media may make such programs less
effective among the homeless. No adaptation measures specific to the homeless are
reported to be in place for air pollution or floods and storms.

Policies which simultaneously reduce conventional air pollutants from fossil fuel
combustion and greenhouse gas (GHG) emissions could have a major role to play in
reducing adverse climate-health impacts on the homeless. Such policies include
alternative energy policies, improved transport systems, improved urban planning,
and carbon markets.66 Mitigation policies can be designed which benefit the
homeless. For example transportation is an important determinant of the health of
the homeless. Policies which promote public transportation infrastructure can
reduce the generation of GHGs and thus air pollution levels.68 Such policies would
have the added benefit of giving homeless populations an inexpensive means of
traveling to shelters on hot days, or out of flood plains in the event of storms.

The framework provided in this paper linking climate change and the health of
the homeless is tentative and theoretical at present. There is a shortage of published
studies exploring the relationship between health of the homeless and extreme heat,
air pollution, major storms and infectious diseases. The root of this problem stems
from the paucity of systematic data collection on prevalence and incidence of medical
conditions or mortality statistics amongst the homeless. More work needs to be done
to develop evidence linking homeless health and climate change. Such evidence is of
the utmost importance in terms of planning adaptation measures for the homeless.

This paper has focused on the North American context, while the largest
impacts on health by far will occur amongst vulnerable populations in developing
countries. Floods in particular will impact low-lying megacities in developing
countries such as Mumbai and Shanghai.53 Developing country cities also face
unique challenges such as large slums and squatter settlements which are
particularly vulnerable to water-borne diseases as well as landslides and other
natural hazards.24

CONCLUSION

Homeless individuals have higher rates of underlying disease, greater exposure and
poorer protection from the elements, and are more likely to occupy high-risk urban
areas. This could result in greater rates of illness and death due to increases in heat
waves, air pollution, storms and floods, and vector-borne diseases resulting from
climate change. Research is urgently required into these topics in order to prevent
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the development of new and deeper inequalities between the health of the homeless
and the general population.
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