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FOREWORD
Climate and weather influence human health
and well-being in many different ways. The
climate is in itself a resource which provides
for the necessities for life. Throughout the
ages, human beings have adapted to this
resource by arranging shelter, food production, energy provision and lifestyles in
harmony with climate and environmental
conditions in generaL
The present surge of new and recurrent
infectious diseases and the increased
frequency of the emergence of more virulent
. or drug-resistant strains of pathogens are to
some extent due to climatic factors. Climate
variability and potential change may play an
important role in these changing patterns and
could herald more "surprises" still to come.
The Intergovernmental Panel on Climate

G.O.P. Obasi
Secretary-General
World Meteorological
Organization

Change (IPCC) has suggested that increases
in heat waves, sea levels, temperature-dependent air pollutants and stresses on the
agricultural system could all affect the health
of the human population.
This booklet is intended to inform readers
of what we know today about the relationships between climate and human health. It is
an example of inter-agency cooperation in a
complex interdisciplinary area. The World
Meteorological Organization (WMO). the
World Health Organization (WHO) and the
United Nations Environment Programme
(UNEP) would like to take this opportunity to
express their appreciation to the authors for
having produced this valuable contribution to
our understanding of the impact of climate
and its change on human health.

H. Nakajima
Director-General
World Health Organization

Elizabeth Dowdeswell
Executive Director
United Nations Environment
Programme
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INTRODUCTION
Health has been defined by the World Health
Organization as .....a state of complete physical, mental and social well-being and not
merely the mere absence of disease or infirmity". Without doubt, certain aspects of this
well-being are sensitive to both weather and
climate. For example, cardiovascular disease
is more likely to occur in people exposed to
severe weather stress fwm extreme heat
(Figure 1) and/or extreme cold. In addition, in
many areas of the tropics, a large number of
persons are still subject to diseases which
relate closely to the influence of their hot,
humid climates. In other areas, respiratory
illnesses aggravated by cold, damp weather or
by pollution occur widely in spite of the
considerable ability of modern societies to
insulate themselves from the harsher effects
of the climate.
Furthermore, quite apart from actual sickness and disease which can be directly related

to weather and climate, our needs and
productivity are also linked in subtle ways to
the climate, with some people much more
sensitive to these factors than others.
Physiological and behavioural differences
between cultures have developed over many
millennia as a consequence of exposure to
vastly different climatic regimes. Thus, the
dark skin of some ethnic groups gives extra
protection against the ravages of excessive
ultraviolet radiation, while Eskimos through
adaptation and their way of life, especially
choice of Qlothing and diet, can withstand
intense cold. Indeed, it is remarkable how
people are able to adapt themselves to both
heat and cold, providing extremes of temperatures and other factors do not occur for
FIGURE I. Daily
lengthy periods.
summer mortality during
The opportunities for indulging in
a neat wave in New York
numerous outdoor sports and recreational
in 1966
activities and the potential for enjoying them
are also related to the climate. Human health
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and
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in such activities.
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HUMAN SENSITIVITY
Human sensitivity to climate
The human organism is in a permanent state
of confrontation with the atmospheric environment. Adaptive reactions therefore can be
taken as a response to variations in this environment. A healthy organism will accomplish
adaptation by means of subtle physical regulations (for example, sweating). most of which
go unnoticed. However, the adaptive capability of people is highly variable and depends
upon a variety of·factors. For example, age
(very young and elderly people have relatively
poor adaptive mechanisms to weather). sex,
state of health, mood and numerous other
factors play a role.
Human adaptation is the direct effect of
a number of atmospheric conditions which
could potentially stress the body, including
heat exchange, solar radiation, atmospheric
humidity and air pollution However, it is
difficult to determine a simple cause-andeffect relationships between health and
atmospheric conditions, as numerous
conflicting situations complicate these links.
However, certain generalizations can be made
about human responses to weather. For
example, human health is primarily affected
by the long-term climate, and seasonal variations are more important than daily weather
variability. There is compelling evidence to
support this "range of tolerance" idea. It
appears that meteorological thresholds exist,
beyond which humans respond in extreme
fashion. For example, when daily summer

mortality in New York City and Shanghai,
China are compared to maximum temperature, a sharp increase is noted beyond a
temperature threshold (Figure 2).
Particularly noteworthy here is the
appearance of a threshold, below which
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comfort diagram indicates
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summer meteorological conditions have little
effect on mortality rates. It appears that only
the warmest 10-15 per cent of all summer days
are associated with a significant rise in
mortality. For example, the threshold appears
to be higher in New York than it is in Shanghai
demonstrating that the notion of a "heat
wave" is really quite variable across the globe.
While in some places air temperatures of over
30°C can contribute to higher mortality rates
in others the threshold is as high as 37°C.

Human comfort
Considerable research has been devoted to
the development and improvement of ways to
measure human response to weather
Although several approaches have dealt with
the evaluation of winter discomfort (such as
using wind chill indices), most of the indices
evaluate the impact of heat stress on the individual and take into account temperature,

humidity or a combination of the two. The
names of such indices are imaginative and
include humiture, humidex, humisery, the
weather stress index, apparent temperature,
the discomfort index and the temperaturehumidity index. A number of these indices
have enjoyed widespread popularity.
So far as human comfort is concerned, air
temperature is undoubtedly of dominant
significance; nevertheless, how comfortable
one feels depends also on other factors such
as humidity, wind and sunshine (Figure 3).
Humidity in particular has a pronounced
effect on our sensation of temperature, especially when conditions are hot. Similarly, wind
has a significant effect on our well-being when
conditions are cold or very hot; this effect will
be considered later
The humidity/temperature association has
long been considered most important in affecting human comfort. The drier the ambient air,
the faster the evaporation rate. Those accustomed to swimming in places where the climate
is hot and dry will appreciate the point of the
foregoing. When stepping out of the water after
a swim into very dry air (say, in Egypt), the cooling caused by rapid evaporation of surface
water on the body produces an immediately
noticeable, if short-lived, chilling effect
although a similar exit from swimming in the
humid tropics results in negligible evaporative
cooling which passes almost unnoticed

Some common comfort indices
The most common winter comfort index is
"wind chill"; although it was developed in the
1940s, it remains the most widely-cited meteorological index. Wind chill is specifically
defined as the measure of the quantity of heat
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which the atmosphere is capable of absorbing
within an hour from an exposed surface one
metre square. Wind chill was computed
through experiments in Antarctica based on
measurements of the freezing rate of water in
a small plastic cylinder under various wind
speeds and temperatures. The resulting
formula determines loss of heat from the
cylinder. A "wind chill equivalent temperature", which is equal to the cooling power of a
given combination of actual temperature and
wind speed, has been developed. Similar wind
chill temperatures can be obtained from
different combinations of air temperature and
wind speed (a ooe temperature with a 15 m/s
wind speed yields the same wind chill temperature as a -I ooe temperature with a 4 m/s
wind speed) Thus, a person would feel relatively the same in either combination of air
temperature and wind speed (Figure 4)
Many more comfort indices have been
developed for summer than for winter. The
most commonly used summer index is the
temperature-humidity index (THI). Values in
the low 20s (0C) are associated with little
discomfort, while values in the 30s (0C) are
considered highly uncomfortable. Another
commonly used summer index, "apparent
temperature", was developed to evaluate
physiological human responses to various
weather conditions. The apparent temperature
is the perceived air temperature for an individual. and simplified formulas have been
developed to define apparent temperature
using air temperature, vapour pressure and
wind speed for indoor locations, shaded locations and sunny locations.
Our sensation of the so-called "hotness"
of the air is so critically dependent on the
accompanying humidity that the idea of an
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"effective temperature" (ET) for human
comfort was conceived. The ET is that temperature at which saturated air would provide the
same sensation of comfort as do the actual
temperature and humidity The concept is
applicable for persons lightly clothed indoors
where the air movement is limited. Under
conditions of very high humidity the actual
and effective temperatures are close. But
under hot, dry conditions an actual temperature of, say, 34°e may effectively feel no more
uncomfortable than about 27°e in the humid
tropics. Very low humidity renders hot weather
more bearable because evaporative cooling of
the skin is more effective. High humidity
makes hot weather more uncomfortable by
inhibiting cooling through evaporation.
High effective temperatures usually cause
physical discomfort or distress to many
people, but they also adversely affect mental
activities. Thus, in an excessively hot-and
humid environment, the performance of tasks

FIGURE 4. How to find
wind cflill: Draw a line up
from tfle temperature at
bottom. Drawanotfler
line across from wind
speed on tfle left Wflere
tfley meet is flow cold it
feels
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FIGURE 5. Example of
maps of the weather stress
index (WSI) for the
United States

WSI

=

percentile value associated with an apparent
temperature of 43.5° in July

requiring sustained mental concentration may
be affected. We may remain efficient for some
time, even hours, if conditions are only
slightly unfavourable, but the worse they are
the more quickly will performance decline.

Virtually all of the human comfort indices
developed to date are "absolute" and assume
that a given index value produces identical
levels of discomfort at all locations. However,
this is clearly not the case, as a temperature of
O°C with a wind speed of 15 m/s would be
perceived as highly uncomfortable in Rome
but rather uneventful in Moscow. New "relative" indices have been developed which
assume that humans are affected by weather
that is unusual in their particular locale. The
best-known is the weather stress index (WSI).
which compares a particular weather event to
average conditions at a location and evaluates
how unusual that event might be.
The WSI is based upon the calculation of
apparent temperature It then defines the
proportion of days with apparent temperatures lower (higher for winter) than the day
under review. Thus, a WSI of 99 per cent would
prove to be quite stressful to people, as many
would be unaccustomed to these conditions.
The apparent temperatures corresponding to
a 99 per cent WSI would of course vary according to time of year and locale.
Figure 5 provides some spatial context for
the WSI and it is clear that a 95 per cent WSI
corresponds with different apparent temperatures around the United States. The highest
apparent temperatures associated with a 95
per cent WSI are found in the Great Plains,
particularly part of Oklahoma and Kansas.
These readings are even higher than those
found in the very hot, but less sultry, desert
Southwest.
Comfort indices are being used in limited
fashion to evaluate health problems. Apparent
temperature categories have been developed
to categorize weather into "caution" or
"danger" categories. The WSI has been utilized
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to find the most "sultry" location in the United
States. However, although such comfort
indices represent considerable improvement
over studies utilizing "raw" meteorological
data, they are still under-utilized in c1imatehealth research

The human energy balance
The central problem for humans in managing
their own energy balance is to minimize
changes in heat storage within the body,
because the body's core temperature must
remain constantly near 37°C. This requirement for a constant core temperature puts
humans in the class of animals called
homeotherms.
Homeotherms have both a large internal
metabolic source of heat and a need to keep
their core temperatures within a narrow range.
This necessary animal/environment energy
relationship has resulted, through evolution,
in several general principles which apply, in
particular, to humans:
•
The core temperature must be near a
value that permits rapid biochemical
reactions associated with fast. precise
brain and muscle responses;
•
The appropriate core temperature is
higher, most of the time, than the air temperature in which the animal functions;
•
A side benefit of the metabolic energy
conversion to brain and muscle function
is that the heat released helps keep the
core temperature above air temperature;
•
The relationships of body size and shape
to metabolic rate in homeotherms have
been set by the fact that homeothermic
evolution has taken place almost exclusively in "tropical" temperatures. In that

sense, humans are inescapably tropical
animals.
The factors influencing the thermal state
of humans are air temperature, humidity, wind
velocity and short- and long-wave radiation
fluxes (taken as a group to represent the "thermal environment" - refer to Figure 6). In
addition, human metabolic rate and the insulation properties of clothing are major
contributors. The complex conditions of heat
exchange between humans and their environment require the computation of a human
energy budget, which can aid in quantifying
human comfort from a thermophysiological
point of view.
In the context of the human energy
balance, we are "comfortable" when the heat
load and the dissipation rate are equal - that
is, we reach a "thermal equilibrium" - without
resorting to any of the feedback mechanisms
such as sweating and shivering. Use of these

FIGURE 6.

Environmental factors
influencing the thermal
state of humans
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running, etc.) can be specified and the c1imatological input can be described in great
detail. Thus, it provides a valuable tool in
bioclimate assessments, and adds considerable comprehensive information not provided
by comfort indices such as wind chill and the
temperature-humidity index.

HUMAN BIOCLIMATIC MAPPING

FIGURE 7. The heat

balance of a human
being: The German
Klima-Michel model:
M = Heat production
OH = Sensible heat flux
Osw = Latent heat flux
OL = Moisture heat flux
ORe = Respiration heat
flux (sensible and latent)
RADIATION BUDGET
I = Direct solar radiation
D = Diffuse solar

radiation
R = Reflected radiation
A = Atmospheric counter

radiation
E = Emission of the

surroundings
Radiation from
the human surfaces

EKM

=

mechanisms requires energy, so we can say
also that comfort accompanies minimal energy
use in maintaining thermal equilibrium
We are "uncomfortable" when feedback
mechanisms are necessary. Discomfort arises
in an environment where the heat load
exceeds the dissipation rate - a hyperthermic
environment. When dissipation rate exceeds
the heat load the environment is hypothermic.
In hyperthermic or hypothermic environments, sweating or shivering is necessary to
maintain thermal equilibrium. However, both
feedback mechanisms can be effective for only
a short period of time.
At present, some models exist which
attempt to quantify the human energy
balance. The "Klima-Michel" model of the
Deutscher Wetterdienst (the National
Meteorological Service of Germany) consists
of a comfort equation plus a radiation model
(Figure 7). "Michel's" activities (walking,

For some purposes it is useful to map bioclimatological parameters to highlight
geographical variations in weather elements
which can affect human health and well-being
Such information can also assist tourists in
determining the most beneficial climate for a
given season, or a suitable season for a given
place The.cover shows an example of a bioclimatological map, indicating thermal
conditions (heat load intensity and required
clothing) for Europe. This map, developed on
the bases of data from the climate simulation
model ECHAM of the Max Planck Institute of
Meteorology in Germany, provides useful information about the impact of weather on human
well-being, especially when used in conjunction
with data on weather variability For example,
day-to-day, seasonal and annual variations in
weather play an important role in affecting
health, moods and other human attributes.
Bioclimatology is the study of the effects
of climate on living systems. Here our concern
is with human beings whose comfort is
primarily determined by the thermal environment. Thus, a map depicting the distribution
of the temperature in a given region, whether
maximum, minimum or effective, averaged
over some period, would be a very simple
bioclimatic map as it portrays a climatic variable which affects people.
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Other examples of bioclimatic maps
would be those delineating:
•
the climatic types of a region such as
cool/humid, optimum, hot/dry, etc.;
•
heat load or cold stress indices;
frequency of occurrence of conditions
•
worse than some chosen threshold of
interest;
•
isotherm maps indicating distribution
limits of disease vectors; and
pollution concentrations.
•

INDOOR CLIMATES
Although modern technology allows the
creation of any desired condition of climate
and comfort inside a building, in practice, in
many parts of the world most indoor climates
remain dependent to a considerable extent on
the prevailing outdoor climate.
For many people the optimum indoor
climate consists of a temperature around 2223°C accompanied by relative humidity of
50-60 per cent. However, even with skilful
building design taking full account of the
features of the outside climate it would be
very expensive to maintain such an indoor
climate in all buildings and during all seasons,
worldwide. Fortunately, this is neither necessary nor even desirable.
Human adaptive capacity from season to
season or from one region's climate to another's is considerable and the uniformity of an
indoor climate would not be conducive to
vitality. Thanks to this adaptability, an indoor
temperature of about 17°C can be satisfactory
during temperate or high-latitude winters,
especially if somewhat heavier clothing is
worn, while in hot climates, light clothing and
various measures such as ample ventilation

COLD CLIMATE

WARM HUMID CLIMATE

HEATING

GOOD

L

17°C
or more

3lOC
- - - , . . , or less

INSULATION " ' "

can render indoor temperatures o~ up to 31°C
acceptable (Figure 8).
The worldwide thermal range which is
tolerable indoors is thus about 14°C (from
17°C to 31 QC). but the tolerance range of any
one individual is usually less than this (and
indeed varies from person to person). and
tends to get narrower with age or infirmity.
Figure 8 indicates some simple points of
building design advantageous for cold and
warm humid climates. For cold regions a high
standard of insulation is of overwhelming
importance so that reasonable comfort inside
is economically attainable. In warm humid
climates the needs are primarily for shading
from the sun (e.g by trees). coupled with
ample ventilation preferably from the wind. In
extremely hot, dry climates, rather special
requirements apply, namely shading from the
sun by trees if feasible (or by other means if
not). and construction having high thermal
inertia with external insulation to protect the
interior from hot outside air during the day.

FIGURE 8. Indoor
comfort depends also on
climate
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Windows should be closed and shuttered by
day but at night the aim should be maximum
ventilation through judiciously located open
windows and doors. With these measures the
daily range of temperature indoors can be very
much lower than that prevailing outside.
Bioclimatic mapping can help architects
to plan optimal building designs (Figures 8
and 9) while daily weather forecasting can
help achieve indoor comfort with minimum
energy consumption at all times

Human technological specialties:
clothing and architecture
One of the greatest specialties of humans the ability to modify the surrounding environment - is best expressed in the technological
mastery of clothing and architecture (Figure 9).
It has allowed humans to expand their range
far beyond the tropics, into the deserts, the
polar regions and even to the moon, as no
other single species has done.
That expansion, while a marvel when
compared with other species, is achieved at a
cost - often enormous - not borne by the
species that have stayed put in one narrow
range of environments. As noted earlier, the
feedback mechanisms that combine to represent the resistance to heat exchange between
the body core and the physical environment
require energy to construct, maintain and
operate. Clothing and architecture may be
viewed as technological extensions of the
resistance to heat exchange between the
human body core and the physical environment. Viewed in that way, clothes may be
considered as extensions of the body, and
buildings may be considered as extensions of
clothing, with many similarities in the sense

of the energy balance of the homeothermic
human being. Clothing increases both the
amount of thermal resistance available to the
body and the ability to fine-tune its value at
any moment.
Buildings are, at least among modern
peoples, permanent while clothing is intermittent. Clothing may easily be put on and
taken off, but it is "inanimate" with no controls
of its own beyond the insulation it provides. A
building, on the other hand, is THERE once
it's built. Rather than putting it on and taking
it off, one goes into it and comes out of it. It
can be "animated" - made automatically
responsive to thermal stress - by installations of thermostatted heating and cooling
systems. A carefully designed building may
change its,responses to seasonal changes in
energy flow. But more often it is either a
response to the most stressful conditions of
one season, or else an all-season optimization, probably sub-optimal under the most
stressful, short-term conditions encountered.

A cooling conundrum
The authors of the previous edition of this
publication stated: "The most senseless
extravagance sometimes observed in affluent
countries is the practice of cooling buildings
in summer to temperatures lower than those
to which they are heated in winter!" While
some may find such a statement rather difficult to comprehend, it is undoubtedly true,
and one can only wonder why the interior of
bUildings - especially supermarkets, indoor
shopping centres, restaurants, offices and
educational buildings in some countries appear to have their thermostat set as high as
23°C in winter and as low as 20°C in summer

FIGURE 9. Housing in
different climatic zones
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A further aspect of "controlling indoor
climates" is the apparent requirements in
some countries to switch on the central heating on a fixed day each autumn, and also
switch on the air conditioning on a fixed day
in late spring, irrespective of the prevailing
conditions outside. Perhaps there is logic in
this kind of decision making, but surely there
is a better way.

CLIMATE, ILLNESS AND DEATH
Of the many environmental influences on
the human body, the effe£ts arising from the
cl i mate are among the most significant
Indeed, several specific disorders occur only
under particular climatic conditions, obvious
examples being heat-stroke and frostbite. In
other cases the link with climate is not direct
but is nonetheless important. Thus the many
diseases such as malaria, yellow fever and
river blindness which are transmitted via
insect-borne infections are confined to areas
having climates where insects such as
mosquitoes, ticks and fleas flourish. The
appropriate climates are fairly well understood, but changes in environmental
conditions such as drought or deforestation
may alter the number and distribution of
organisms such as insects which transmit
diseases to people.
Another example is eye disorders, such as
cataract which seems to be more prevalent in
areas of high exposure to sunshine rich in
ultraviolet radiation. It has been suggested
that ultraviolet radiation can cause the formation of cataract-inducing oxidizing agents
within the eye.
Weather and climate have a considerable
influence on asthma, hay fever and other

respiratory disorders caused by various allergens (pollens and pollutants). The
production of such agents as well as their
subsequent spread and concentration are all
very much dependent on the prevailing meteorological conditions. For example, a
particular study in Barcelona, Spain indicated
that emergency room admissions for asthma
rose from less than five to over 100 on certain
days when soybeans were being loaded at the
harbour. However, this situation did not
occur on all days when the loading took place
but on those days when a prevailing wind
from the direction of the harbour plus a
stable atmosphere with high pressure
permitted soybean dust to be transported
relatively undiluted into densely populated
areas of the city.

Clinical syndromes associated
with extreme heat and cold
The overriding importance of the thermal
environment in determining human comfort
has already been mentioned. Increasing thermal stress leads progressively to greater
discomfort, then specific disorders and in
some cases to death. The probability of the
disorders increases progressively with persistent exposure to the more oppressive weather
conditions. For example, the impact of seven
consecutive days of very hot and humid
weather in the northeastern United States is
much more significant from a health point of
view than if the seven days occurred over a
period of a month, with no more than two or
three days of the very hot and humid conditions occurring in a row.
Heat can cause any of several clinical
syndromes. Heat-stroke refers to severe heat-
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related illness in which there is central hyperthermia, with core body temperatures
generally in excess of 38°C and frequently
greater than 42°C. Heat-stroke is a medical
emergency, and the clinical outcome depends
greatly on how soon effective therapy can be
instituted.
Unlike heat-stroke, heat exhaustion is not
due to thermoregulatory failure. It is a somewhat milder form of illness due primarily to
the unbalanced or inadequate replacement of
water and salts lost in perspiration due to
thermal stress. In contrast to heat-stroke,
which may develop in a matter of hours, heat
exhaustion typically occurs after several days
of high temperature, with dizziness, weakness
and fatigue being the primary symptoms. Heat
exhaustion is often severe enough to require
hospitalization, especially of elderly patients,
but death due to this disorder is relatively
uncommon (Figure 10).
Other illnesses also appear closely
related to heat stress, especially those
associated with the cardiovascular, cerebrovascular and respiratory systems. For
example, rapid increases in temperature are
often accompanied by increases in heart
attacks. The additional stresses imposed by
extremely hot weather seem to induce
increases in stroke-related diseases.
Although cold weather appears to have a
less direct effect on human health, certain
problems appear to increase, especially those
associated with prolonged confinement.
Elderly persons with respiratory diseases are
particularly sensitive to cold weather, and
pneumonia, bronchitis, influenza and certain
virus infections are most common during
winter. Infectious agents are more easily transmitted from person to person due to
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L:.~~.:·n,~,~ ,~

:.'

~-,I~·'~·I~

Heat stroke or sunstroke
highly likely
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Present day mortality attributed to very
hot weather during an average summer:
selected cities in the United States
City
New York
Chicago
Philadelphia
Detroit
St. Louis
Los Angeles
Minneapolis
Cincinnati
Kansas City
San Francisco
Memphis
Dallas
Atlanta
New Orleans
Oklahoma City

June

July

45
44
35
21

217
98
59
67
80
30
27
21
28
10
18
8
10
0
0

I

19
9
9
0
12
0
6
8
0
0

August Total

58
31
51
30
32
35
10
12
3
5
2
5
0
0
0

320
173
145
118
113
84
46
42
31
27
20
19
18
0
0

FIGURE 10. A joint
WMO/NOAA project for
the 1996 Olympic
Games in Atlanta
included this Heat Index
card
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Mean daily mortality for summer
air mass types for St. Louis, USA

FIGURE 11. Relative

increase of mean daily
mortality rate from conditions
of tflermalneutrality in
southwest Germany

Total

Elderly

Total mean mortality
for oppressive tropical
air mass

129

84

Total mean mortality
for all other air masses

97

62

Per cent that oppressive
air mass exceeds
overall mean

33

36

(1968-1993)
(%) 25 , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,
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increased human proximity and confinement
associated with very cold weather. Thus.
significant mortality increases have been
noted for increasing thermal-related stress to
cold temperatures as well as to warm temperatures for a number of places (Figure 11).
The relationship between human mortality and thermal stress is much more than
might be expected; during unusually hot
episodes, deaths from all causes can rise over
50 per cent above normal baseline levels. The
elderly appear to be disproportionately
stressed, and individuals, especially in developing nations, who cannot modify their
environment to attain comfort are also at
greater risk. The increase in mortality during
hot weather can be very significant, and
number in.the hundreds or thousands over a
period of several days. Such was the case in
Chicago, USA during a summer heat wave in
1995, when over 500 excess deaths were
recorded. During various heat waves in India
during 1995, it is estimated that the number of
excess deaths rose into the thousands.

CLIMATE CHANGE AND
HUMAN HEALTH
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Any change in climate. particularly if it occurs
at a more rapid rate than previously observed.
is likely to induce an increased stress on society. Current climate predictions foresee the
increase of the so-called "greenhouse gases",
mainly carbon dioxide, but also methane,
chlorofluorocarbons (CFCs). nitrous oxide
and ozone, which may alter the energy
balance of the earth and increase surface
temperatures.
Some projections indicate drastic
temperature changes in certain areas. The
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temperature in Washington, DC, for example,
currently exceeds 38°C on an average of only
one day per year, while it exceeds 32°C about
35 days every year. By the middle of the next
century, climate models estimate that these
figures could rise to 12 and 85 days, respectively. The effect of such temperature
increases on human health is difficult to
predict However, there is no question that
increased heat stress in many urban areas
could claim many more lives than at present,
and also could adversely affect productivity,
energy costs (e.g. demand for air conditioning). recreational patterns and other social
factors.

Spread of infectious diseases
Since the introduction of vaccines and
improved nutrition and sanitation, such
once-devastating infectious direct contact
diseases such as influenza and tuberculosis
have not been among the leading causes of
death in developed nations for some time,
although there have been flare-ups amongst
the poor and amongst HIV-positive persons.
Given the current standard of living, it is
unlikely that a climate change will significantly affect this situation. Although these
diseases are much more common in developing nations, there is little evidence that a
warmer earth will increase their impact
More threatening from that point of
view are infectious diseases which are
vector-borne, in which an infectious agent
(typically a bacterium, virus or parasite) is
transmitted to a human or animal host by
means of a carrying vector (typically, insects
like mosquitoes, ticks and fleas). Global
changes in temperature and moisture may

Projected warming for double CO 2 scenarios
for selected cities
Projected warming (OC)
City
New York
St. Louis
Toronto
Montreal
Shanghai
Guangzhou
~ Cairo

Country
United States
United States
Canada
Canada
China
China
Egypt

June

July

August

+2.6
+3.8
+3.3
+2.6
+4.7
+3.7
+4.0

+3.5
+3.7
+4.2
+3.5
+4.5
+4.0
+3.6

+3.3
+4.1
+4.2
+3.3
+4.2
+2.7
+2.1

* Based on experiments with a so-called general circulation model (GeM at
the General Fluids Dynamics Laboratory (GFDL) in the USA)

Key aspects of the sensitivity of health to climate change
Health outcome

Sensitivitya

Climate stress/mortality
Climate stress/morbidity
Allergy/asthma
Vector-borne infectious diseases (malaria, yellow
fever, onchocerciasis, dengue, encephalitis)
Other infectious diseases (cholera)
UVB-direct effects
Skin cancer
Cataracts
Immune response
++++ = great effects
+ = small effect
a Extent of change in health outcome per unit change in climate

+++

+
++
++(+)
+(++)
+++

+(+)
+(+)
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alter the geographic regions in which the
vectors and agents of these diseases are
able to survive.
One of these diseases, malaria, could
menace the southern USA and parts of
Europe if the climate warms. The infectious
agent of malaria is any of four species of
parasitic micro-organisms. The primary
vectors are species of Anopheles mosquitoes,
some of which are present in the United
States. The malarial parasite requires a
temperature of at least 15°C to complete its
development within the mosquito, while the
mosquito vector requires.il temperature of at
Present day and future estimates (assuming doubled CO 2 )
of total heat-related summer mortality: selected cities
(GFDL Model)

GFDL
Present mortality
UNITED STATES
Atlanta
Chicago
Dallas
Los Angeles
Memphis
New Orleans
New York
Philadelphia
St. Louis
CANADA
Montreal
Toronto
CHINA
Shanghai
EGYPT
Cairo

Year 2050
Unacclimatized
Acclimatized

78
173
19
84
20
0
320
145
113

293
344
782
350
385
0
879
474
341

147
342
618
174
191
0
494
354
171

69
19

245
86

124
I

418

2950

x

281

830

x

lea?t 16°C and prefers a relative humidity
above 60 per cent. The parasitic agent develops more quickly with elevated temperatures;
at 30°C its reproduction rate is more than
twice that at 20°e. Thus, abundance of both
the agent and the vector could increase
considerably under warmer conditions.
Moreover, increased use of irrigation, a
prediction of some future climate scenarios,
has the potential for creating numerous new
breeding grounds for mosquitoes.
Other diseases, such as sleeping sickness, transmitted by the tsetse fly, and river
blindness, transmitted by a blackfly, could
also spread if the climate warms. Some
predictions show that a 2°C increase in
temperature could render the tsetse fly less
common ~n west Africa but much more
common in the more densely populated areas
of east Africa.
Potentially dangerous diseases, including
Lyme disease and encephalitis, may become
more widespread in populated mid-latitude
areas if the climate warms. In addition, global
warming may increase illegal immigration and
consequent disease importation already faced
by developed nations as stresses on agriculture and water resources increase in the less
developed countries. The number of people at
risk of starvation may increase several-fold if
climate change starts to affect food production, especially in countries already at risk
today

Increases in human mortality
One of the most obvious outcomes of a global
warming is an increase in heat-related mortality. However, there are numerous uncertainties
involving possible changes in mortality. For
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example, will decreases in cold-related
mortality compensate for any summer
increases? How will confounding social
factors, such as increasing air conditioning
use, impact heat-related mortality? Will the
general population acclimatize to global
warming?
It appears that a climate warming could
have a very large negative impact on heatrelated mortality One study indicates that.
assuming no human acclimatization,
Shanghai's heat-related mortality could
exceed 2900 deaths during an average
summer season in the mid-2l st century, an
eight-fold increase over present conditions.
New York's values could rise from a present
320 deaths to almost 900 during the same
time period. Decreases in cold-weather
mortality are not expected to compensate for
the large summer increases. A few degrees rise
in winter temperatures would not likely
encourage outdoor activities to such an
extent that people would largely avoid
droplet-transmitted viruses.
Certain socio-economic factors may mitigate the impact of heat on mortality in a
warmer world. For example, it is possible that
people might acclimatize to the increased
warmth, and death rates would not rise as
much as expected. The increasing use of air
conditioning might also serve to dampen any
mortality increases. However, neither of these
factors is likely to prevent some moderate
increases in mortality. Thus, a recent unpublished study has indicated that the monetary
estimates for potential changes in risks of
mortality associated with climate change
could exceed US Sll billion annually even if
the population acclimatizes somewhat to the
increased warmth.

" 'Hypertension
Angina pectoris
Rheumatism
Arthritis
sthma
olic _
---~-

WARM FRONT

The Rand McNally Places Rated,Almanac
puts such stock in the influence of climate
on human well-being that it has recently
ranked the locations with the highest Quality climate in the United States. The
ranking is based on climatic "mildness"
and places with the fe;"est extremes are
rated as best. For example, locales with
numerous days with temperatures below
-18°C are ranked lower, as are those with
numerous days exceeding 32°C. Thus, the
Almanac has concluded that the cities with
the "best" climate are Oakland, San
Francisco and San Diego, all in California.
Cities with the "worst" climate are those
with numerous extremes, such as
Bismarck, North Dakota and Duluth,
Minnesota. However, cities with constant
hot and humid conditions such as Corpus
Christi, Texas and Ft. Myers, Florida also
rank near the bottom.

FIGURE 12. Stress
zones and nealtn impacts
considered to be associated
witn low pressure areas in
some European countries

-------

------------------------------
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48-hour synoptic index
category estimation
Does day belong to
offensive category?

Mortality predicted from
offensive category algorithm
Is elevated mortality
predicted?

FIGURE 13. The

Philadelphia heat stress
watch/warning sljstem

Level 1:
1-4 excess
deaths
predicted

Level 2:
5-14 excess
deaths
predicted

There is a good basis for considering some
day-to-day weather types as biologically
unfavourable for people and others as
favourable (Figure 12). Accordingly, weather
forecasting has a genuine relevance for human
health. This relevance can be increased by
adding heat load or cold stress information to
forecasts of impending hot or cold weather.
Special warnings could also be added to
emphasize particular risks liable to affect
those suffering from weather-dependent
diseases or the aged. However, care should be
exercised to avoid causing over-reaction
among "meteorological hypochondriacs" or
those who,rightly or wrongly believe themselves to be especially weather sensitive.
Such biometeorological forecasting is
practised in several countries, such as
Germany, where a service tailored to the
needs of the medical profession and the
general public has been in operation for some
time. Other examples are warnings issued in
Canada of the likelihood of severe wind chill
with a danger of frostbite, and warnings in
some hot countries (and during hot conditions in "temperate" climates such as the
northeastern USA) of conditions which could
give rise to heat-stroke. A new watch/warning
system for heat was instituted for the summer
of 1995 in Philadelphia, USA which is based
on the predicted arrival of "offensive air
masses" historically associated with elevated
mortality levels (Figure 13). Many countries
also issue forecasts via the media about the
severity of pollen, ultraviolet radiation and
pollutants to help allergic or susceptible
people
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FIGURE 14. Potential
health impacts of climate
and its change
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A change of climate (which would result
if one physically relocated to another climate
region - such as moving from New York to
Singapore) - could be either beneficial or
harmful to persons suffering from heart
disease, asthma or bronchitis, especially so
for the aged. National Meteorological Services
working in collaboration with the medical
profession can provide information as to
which climate the sufferer should best avoid
or seek.
In the eastern USA, the National Weather
Service recommends that excessive heat

warnings be issued when a daytime heat
index of 40°C is expected to last more than
three hours a day for two consecutive days, or
when a daytime heat index is expected to
exceed 46°C for any length of time. An excessive heat advisory is issued when the daytime
heat index is expected to reach 40°C (for less
than three hours), and the night-time lows are
expected to remain above 2rc for two
consecutive days. An excessive heat advisory
may also be issued for daytime heat index
values of 32° to 40°C in accordance to local
arrangements.

CONCLUSION
Climate plays a significant role in affecting human health and well-being although
there are factors other than weather and climate which affect people in many ways.
Previous discussion has indicated that morbidity and mortality are closely linked to
climate and climate variability, but there are numerous ways that climate heightens
well-being For example, the joie de vivre that one experiences during a delightful walk
in the country or a sail on the sea is certainly a function of the weather. A number of
recreational activities which contribute to the quality of life are clearly climate and
weather dependent. Skiing and sailing are examples of recreational sports dependent upon weather.
Although it is not difficult to see how mortality and even infectious diseases
might be weather-related, there is much less certainty about the role of climate on
moods, productivity and even crime. Certain police authorities contend that significantly more violent crimes occur during very hot weather or during stormy
conditions. There is a necessity to understand further how the vagaries of climate
might impact these factors, as there is no doubt that our atmospheric environment
plays a very significant role in everyday life. After all, how often have you met a
stranger, and the first bit of conversation is, "What do you think of this crazy
weather?".
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HOW TO FIND OUT MORE
The extent to which information related to climate and human health is available
varies greatly from country to country. Some national Meteorological Services
already have special sections devoted exclusively to the subject and organized for
the provision of advisory or consultancy services to the health and planning authorities. In some cases, specialized biometeorological forecasts are also provided for
the general public.
However, where such special services are not available, those who seek further
information and/or advice on matters related to climate and human health should
start by contacting their national Meteorolo\tical Service. As a minimum, the national
Service will be able to provide basic c1imatological information as well as advice on
how and where to get additional service.
Within the UN family of organizations, UNEP, WHO and WMO have a special
responsibility for matters related to climate and human health. They have been
actively involved in developing this sector, and over the years a number of international meetings and symposia have been held.
Proceedings from these events as well as some relevant publications are listed
below:
•
Proceedings of the WMOIWHO/UNEP Symposium on Climate and Human Health,
Leningrad, 1986, Volumes I and Il.
•
Health and Climate Change, 1994. D. Sharp, ed., The Lancet, London, pp. 36.
•
Intergovernmental Panel on Climate Change (IPCC). IPCC Second Assessment
Report. Climate Change 1995.
•
Multi-author Review, 1993. Human Biometeoro!ogy, 14 papers published in
Experientia, Birkhaeuser, Basel, Volume 49, Nos. 9 and 11.
•
Smith, I.B. and D. Tirpak, eds., 1989. The Potential Effects of Global Climate
Change on the United States, Appendix G: Health, Report to Congress, US.
Environmental Protection Agency, Office of Policy, Planning and Evaluation, Office
of Research and Development, Washington, DC, pp. 105.
•
WHO, WMO, UNEP. 1996. Climate Change and Human Health. A.I. McMichael, A.
Haines, R. Slooff and S. Kovats (eds.). WHO/EHG/96.7 Geneva, pp.350
•
WHO, WMO, UNEP. ICNIRP, 1995. Global Solar UV Index. A joint recommendation.
International Commission on Non-Ionizing Radiation Protection.
Oberschleissheim, Germany, pp 22

