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INTRODUCTION
Hippocrates, whose memory is perpetuated
by the Hippocratic Oath of the medical profession, pioneered the systematic development of
medicine about 2500 years ago and left extensive writings summarizing the accumulated
wisdom of himself and the ancient physicians
of his time. Remarkable in such writings from
the distant past, when meteorological understanding was very rudimentary, is the extent to
which wind, weather and climate are highlighted as dominant health-influencing factors.
Hippocrates wrote "whoever wishes to investigate medicine properly should proceed thus,
in the first place to consider the seasons of the
year and what effects each of them produces (for
they are not all alike but differ much from themselves in regard to their changes)". He goes on to
develop this approach more fully and indeed

appeared to believe that almost all disease was
of
attributable
to
adverse
features
the climate. Hippocrates' numerous pronouncements about the consequences for
mankind's health of various combinations of
wind and weather are intriguing. For example
he noted:

" ... that the South winds (he was in the
Greek Aegean) induce dullness ofhearing, dimness of vision, heaviness of the head, torpor and
languor ...

Sculptures from the Tower of the Winds, Athens

" ... whereas if North winds prevail,
coughs, afflictions of the throat, hardness of the
bowels, dysuria attended by rigors of the sides
and chest occur."

Some of these ideas appear quaint nowadays,
but Hippocrates was undoubtedly right in his
basic premise that climate exerts an influence
on human health. Health is nowadays defined
as "a state of physical, psychological and social
well-being" implying that the absence of any of
these would constitute a state of disease.

Cardio-vascular disease is known to be more
likely in people subject to severe climatic stress
whether from extreme heat or extreme cold.
Also, some areas of the tropics are still subject
to diseases which depend to varying extents on
the 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 man to
insulate himself from the harsher effects of the
climate.
2

Furthermore, quite apart from actual sickness and disease which can be related to climate, our general feeling of well-being also is
linked in subtle ways to the climate. Some
people are much more sensitive to climatic factors than others-an intriguing theory asserts
that geniuses are the most sensitive of all!
In areas where the weather is highly variable
from day to day most ordinary mortals, if the
dawn evokes in them the feeling:
"Oh- What a beautiful morning!"
will face the day in a brighter, more optimistic
and positive mood than if the daybreak offers
"bad weather". As a result they will probably
achieve more.

The opportunities for indulging in numerous
outdoor sports and recreational activities and
the potential for enjoying them are crucially
dependent on the climate.

Some physiological differences between different peoples have presumably developed over
many millenia 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, whilst the
Eskimo through adaptation and his way of life,
especially choice of clothing and diet, can withstand great cold. It is remarkable how man is
able to adapt himself to extremes-both heat
and cold.
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The links between climate and human health
are indeed many and varied. The aim of this
little brochure is to explain in simple terms
these relationships and provide a few examples
of the many ways in which health is dependent
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on climate. It will also be shown how even basic
advice about climate can help to overcome
adverse effects on human health and exploit the
beneficial ones.
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KEY CLIMATIC VARIABLES & HUMAN COMFORT
At thousands of locations around the world
standard meteorological variables are regularly
measured, recorded, analysed and the data processed for various purposes. The most familiar,
of course, are the air temperature, some form of
humidity measurement, the weather (sunny,
rain, snow, fog or whatever), wind, cloudiness,
sunshine duration and barometric pressure.
There are also other more specialized measurements like solar radiation and atmospheric
electricity. Air pollution and other environmental parameters are also monitored on a routine basis at many stations.

in order to describe the climate fully, averages
must be supplemented by statistics or other
indicators which reveal the variability on different time scales.

Taken together, such meteorological observations over a period of some years define what
we call the climate of a region. Contrary to some
definitions of climate, averages by themselves
do not reveal all! Thus, although the annual
average temperature for a tropical island may
be quite useful and representative because the
temperature at such a place is more or less the
same all the time, the average value alone may
not be very informative for a place in the
middle of a continent where the temperature
would typically vary very widely from day to
night and from season to season. Accordingly,

The reason becomes clear if we consider how
humidity is commonly measured. A thermometer whose bulb is covered by muslin which is
kept wet reads lower than a dry-bulb thermometer because evaporation cools it. The drier the
ambient air, the faster the evaporation and the
greater is the temperature difference between
wet-bulb and the ordinary dry-bulb thermometer. Only if the surrounding air is saturated (i.e.
contains the maximum possible moisture) do
the two thermometers read the same. The magnitude of the depression is used by meteorologists to measure the humidity of the air.

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. Humidity in particular has a pronounced effect on our sensation
of temperature especially when conditions are
hot.
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Those accustomed to swimming in places
where the climate is hot and dry will appreciate
the point of the foregoing. When stepping out
from the water after a swim, into very dry air
(say, in Arizona), 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.
Our sensation of the hotness of the air is so
critically dependent on the accompanying
humidity that the idea of an "Effective
Temperature" (ET) for the comfort of man was
conceived. The ET is that temperature at which
saturated air would provide the same sensation
of comfort as does the actual temperature and
humidity.

EFFECTIVE

The diagram is applicable for persons lightly
clothed indoors where the air movement is
small. It shows that under conditions of very
high humidity the actual and effective temperatures are close. But under hot, dry conditions an
actual temperature of, say, 30 ·c (point A on the
diagram) may effectively feel no more uncomfortable than about 23 ·c in the humid tropics
(point B). Very low humidity renders hot
weather more bearable because evaporative
cooling of the skin is then more effective. High
humidity makes hot weather more uncomfortable by inhibiting cooling through evaporation.
The diagram also illustrates that high
humidity does not make cold weather feel less
cold- in fact the reverse is the case, the reason
being that this raises the thermal conductivity
of the air and thereby increases loss ofbody heat
by conduction.
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This illustration, a simple comfort diagram,
indicates in a general way how wind and sunshine extend the ranges of conditions which are
comfortable, e.g. we can be content in higher
temperatures if there is a breeze and in lower
temperatures if we bask in sunshine. The diagram also broadly shows the conditions which
are uncomfortable whatever the wind or sunshine, because of being too hot, too humid,
etc.
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High Effective Temperatures cause physical
discomfort or distress for those not fully
adapted, but they also affect adversely all activities calling for the exercise of the mind. In other
words, in an excessively hot and humid environment, the performance of tasks 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, with thought
processes slowed down and errors increasingly
liable, especially errors from shortcomings of
memory or from a decline in vigilance.
The diagram illustrates this strikingly but of
course there will be variations amongst individuals depending on personal characteristics,
the degree of acclimatization, age, etc.
EXPOSURE
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We have seen that humidity is of great significance when it is hot. It also has some relevance
when it is cold but when out of doors in conditions near or below freezing the factor apart
from temperature which most determines how
cold we feel is the wind speed. The stronger the
wind the more rapid is the loss of body heat to
the environment. Ample high-insulation
clothing of course helps but this cannot entirely
prevent extra heat loss due to the wind. This
gives rise to the concept of a Wind-Chill Equivalent Temperature defined as that temperature which under calm conditions would have
the same chilling effect as the actual temperature with its prevailing wind.

(!}

The diagram shows the strong additional
chilling effect due to wind when it is cold. Thus
even + 5 ·c with a 15 m/s wind will chill as
much as -10 ·c in calm conditions whilst for
- 15 ·c with 15 m/s the wind-chill equivalent
temperature is about -40"C!
Light and various aspects of the solar radiation can also be considered climatic variables
related to human comfort. Measurements are
today especially focusing on ultraviolet radiation relevant in connection with sunburn.
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For some purposes it is useful to map comfort
indices or climate parameters relevant for
human health in order to highlight geographical
variations.
This example, of the average effective
temperatures over the world in January, is
useful so far as it goes but needs to be used in
conjunction with data on the variability (e.g.
from day-to-day and between the Januarys of
different years), extremes, etc.
8

A number of more elaborate variants of ET
and similar indices have been proposed to
better describe the real thermal conditions of
man. These attempt to include the effect of
additional factors such as radiation and/or
wind, and they have useful applications for special purposes. The reader wishing to obtain
more information can consult the references on
page 16.

CLIMATE, SICKNESS & DISEASE
Of the many environmental influences on the
human body, effects arising from the climate
are highly 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,
typhus etc. which are transmitted via insectborne infections are confined to areas having
climates where the relevant insects (mosquitoes, ticks, fleas) flourish. The appropriate climates are fairly well understood, but changes ~n
environmental conditions such as drought or
deforestation may alter the number and distribution of organisms such as insects which
transmit disease to man.
Another example is cataract, a leading cause
of blindness which although it occurs all over
the world seems to be more prevalent in areas of
high exposure to sunshine rich in ultraviolet
radiation. It has been proposed that ultraviolet
radiation can cause the formation of oxidizing
agents within the eye.
Weather and climate have a considerable
indirect 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

-
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Sudden heart death
Heart failure
Stroke

Hypertension
Hypothermia
Respiratory infections
Asthma
Overeating
Tachycardia
Reduced dexterity
Indolence
Restlessness
Sleepiness
Mental slowing
Depression

«
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spread and concentration are all very much
dependent on the prevailing meteorological
conditions.
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 extreme
cases to death as indicated in the table below.
The probability of the disorders increases progressively with persistent exposure to the more
extreme temperatures.
During wars, some useful experiences have
been gained in the area related to climate and
health. This has been stimulated by the need to
achieve fighting efficiency and survival of
troops under extreme climatic conditwns, e.g.
arctic, tropical, high altitude. Experiences
relating to adaptation, training and clothing
design are now widely applied in many sectors
of society.
Climatotherapy, the deliberate exposure of
people to particular climatic conditions in order.
to stimulate a beneficial response, is now practised at health resorts in a number of countries.
In many cases climate therapy could be better
for the person and also cheaper than allowing
disorders to proceed to a stage where drugs or
surgery would be necessary.

> 31 oc

»

31 °C

Hypotension
Sudden heart death
Hyperthermia
Heart failure
Tachycardia
Heat stroke
Heart insufficiency
Inappetence
Hypohydrosis
Hydromeiosis
Fatigue
Indolence
Lethargy
Increased irritability
Reduced learning capacity
Impaired memory
Depression
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CLIMATE CHANGE AND HUMAN HEALTH
There are many direct and indirect effects on
human health that can be attributed to climate
change. Any change in climate is likely to
induce an increased stress in society. This can
be due to changes in agricultural practices, in
the availability of water, or in greater variability
in experienced weather with higher frequencies
of storms and other extreme weather events.
Current climate predictions foresee the increase
of the so-called "greenhouse gases", mainly
carbon dioxide, but also methane, nitrous
oxide, chlorofluorocarbons and ozone as a
major cause of potential climate change.
Some projections indicate drastic temperature changes in some areas of the world. The
temperature in Washington, D.C. , for example,
currently exceeds 38 ·c on an average of only

one day per year; it exeeds 32 ·c about 35 days
every year. But, by the middle of the next century, these figures could rise to 12 and 85 days
respectively per year. The effect of such
temperature rises on human health in
Washington and in similar cities throughout the
world is difficult to predict. However, there is
no question that increased urban heat stress
could come to claim many lives.
Other health effects that may be attributed to
changes in climate and the consequential
changes in the composition of the atmosphere
relate to changes in ultraviolet radiation, i.e. an
increase in incoming UV-B radiation could
cause increased incidents of eye damage, skin
cancer, etc.

tempera ture
cha nge c•c)
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According to one climate model, a doubling of the carbon di oxide might give rise to as -much as 6-IO "C increase of the mean winter
temperatures in parts of the Northern Hemisphere.
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CLIMATE & HEALTH-RELATED RECREATION
Exercise and recreation both physical and
mental are essential for the promotion and
maintenance of health and vigour. Without
them "joie de vivre" is liable to give way to a lack
of energy. The city dweller who gets his exercise
by pedalling on a machine indoors may derive
some benefit but how much more pleasurable to
enjoy healthy exercise in the open air-exercise
which can be an invigorating experience,
thereby toning up the spirit as well as the
muscles.

It can be delightful to hike in the country, or
sail over the sea and feel pure air filling one's
lungs and caressing one's face whilst the sun
warms the body and the exercise agreeably tires
the muscles. However, the pleasures and benefits one can so derive depend critically on the
climate of the location one chooses for such
activities.

Furthermore, many outdoor recreational
activities are subject to appreciable risks to life
or limb from climatic factors and it is necessary
to develop some understanding of those risks
and to have a prudent respect for the climate
and how it can affect one's chosen sport.

Special health problems can arise for mountain walkers or climbers because of altitude
changes, namely decreased pressure and
temperature as well as a reduction of oxygen
and an increased intensity of solar radiation.
The latter risk, extra solar radiation, may also
affect the wind surfer due to additional radiation reflected from the sea. Both these sports,
too, can be liable to sudden hazards brought
about by rapid or unforeseen changes in the
weather.
11

In some nations the development of what is
termed Health Resort Medicine has proceeded
to a stage where special establishments have
been set up to exploit the therapeutic benefits of
carefully designed programmes of exercise and
so cure or alleviate some of the diseases caused
by modern ways ofliving. In other nations less
highly organized in this respect people instinctively take advantage of the many opportunities
for enjoyment in the open air in ways which
greatly contribute to health.

There are, of course, recreational activities
and health resorts appropriate for different climates and seasons.

For skiing one must have snow, so the climate
is obviously inextricably involved. However,
apart from the availability of snow and the kind
of terrain which makes the skiing interesting,
the climate has a dominant effect on the attainable enjoyment. How much sunshine will there
be? How much wind? How many days with
snow or rain? Checking on the climatology is a
must for this as for most recreational activities.

Some people, of course, derive therapeutic
benefit as well as pleasure in the open air
without much activity, vigorous or otherwise,
for example from just 1ying in the sunshine. The
results can be adverse if indulged in to excess or
in areas of especially intense sunshine. The risks
are burning of the skin, overheating of the body
(possible heat-stroke), dehydration from excessive sweating, and in extreme cases heart problems. The girl in the picture has chosen to lie in
light shade, perhaps not realizing that she is still
exposed to sunburning radiation diffused by the
atmosphere or reflected by the sea surface and
the sand. Moderation and common sense are
called for. Climatology can help to provide the
guidance for a proper balance between the
pleasant and the dangerous.
12

We have touched here on a few outdoor
sports and recreational activities which are beneficial for health and the pursuit and enjoyment
of which depend on the climate. There are many
more; indeed it is difficult to think of any outdoor sports which are not dependent on the
local climate.

INDOOR CLIMATES AND COMFORT

Although modem technology allows the creation of any desired condition of climate and
comfort inside a building, in practice most
indoor climates remain dependent to a considerable extent on the prevailing outdoor climate.
It is sometimes said that the optimum indoor
climate consists of a temperature around 2223 ·c accompanied by relative humidity of 5060%. However, even with skilful building
design taking full account of the features of the
outside climate it would be absurdly expensive
to maintain such an indoor climate in all buildings and during all seasons, world-wide. Fortunately, this is neither necessary nor even desirable

Man's adaptive capacity, e.g. from season to
season or from one region's climate to another's
is considerable and uniformity of 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 winter, especially if
somewhat heavier clothing is worn, whilst in
hot climates adaptation, light clothing and
various measures such as ample ventilation can
render indoor temperatures of up to 31 ·c
acceptable.
The world-wide thermal range which is tolerable indoors is thus about 14 ·c but the tolerance range of any one individual is usually less
than this and certainly tends to get narrower
with age or infirmity.

The diagram 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
natural winds.
In extremely hot dry climates, e.g. desert
areas, 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. 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 using climatic data can
help architects to plan optimal building design
whilst daily biometeorological forecasting can
help achieve indoor comfort with minimum
energy consumption at all times.
The most senseless extravagance sometimes
observed in affiuent countries is the practice of
cooling buildings in summer to temperatures
lower than those to which they are heated in
winter!
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FORECASTS & WARNINGS

Mortality rate statistics for many countries
display a seasonal variation implying a link
with climatic factors as well as trends over
longer periods due to socio-economic or other
changes. Additionally, it is interesting that in
temperate latitude regions characterized by
high day-to-day variability, mortality rates are
higher during the passage of low pressure systems than during conditions of high pressure
(unless the latter are of the kind accompanied
by severe pollution problems).
No doubt similar links could be demonstrated for other regions. At any rate there is
clearly a good basis for considering some dayto-day weather types as biologically unfavourable for mankind and others as favourable.
Accordingly weather forecasting, a routine daily
activity in most countries, clearly has a genuine
relevance for human health.
This relevance can be increased by adding,
say, heat stress or wind chill 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. Care should be exercised to avoid causing

over-reaction amongst 'meteorological hypochondriacs' or those who rightly or wrongly
believe themselves to be especially weather sensitive.
Such biometeorological forecasting is practised in several countries, notably in the Federal
Republic of Germany, where a service tailored
to the needs of the medical profession and the
general public has been successfully 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 of conditions which could give
rise to heat-stroke.
Many countries also issue forecasts via the
press or telephone about the severity of pollen
and other pollutants to help allergic or susceptible people.
A change of climate could be either beneficial
or harmful to the aged especially if suffering
from heart disease, asthma or bronchitis.
National Meteorological Services working in
collaboration with the medical profession can
provide information as to which climate the
sufferer should best avoid or seek.

EPIDEMIOLOGY

By Roman times, methods of experimentally
evaluating the healthiness of a climate were
available. The Roman architect, Vitruvius
Pollio, describes how in selecting the site for a
new settlement, animals who had grazed there
were sacrificed and their livers examined. If the
livers were greenish-yellow in colour, the area
was considered unhealthy!
Less drastic methods are used nowadays in
epidemiology which includes most aspects of
the study of the distribution and determinants
of diseases and injuries in populations. It is one
14

thing to observe an association, e.g. between
climate and a particular disease and quite
another to demonstrate a causal relationship.
Advances in epidemiology, as well as the
more easily accessible data bases with both climate and health information, can help fill the
gaps in our understanding of relationships
between climate and human health. Future
design of urban and rural living environments,
both in developing and developed countries of
the world should be able to draw more fully on
such an understanding.

BIOCLIMATIC MAPPING

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 chart depicting the distribution of the
temperature in a region, whether mean,
maximum, minimum or effective, averaged
over some period, would be a very simple bioclimatic map insofar as it portrays a climatic
variable which affects people.
Other examples of bioclimatic maps would
be those delineating:
• the climatic types of a region such as
cool/humid, optimum, hot/dry, etc.
• heat stress or wind chill indices
• frequency of occurrence of conditions worse
than some chosen threshold of interest
• pollution concentrations.
The thermal environment of a human being
is essentially influenced by the balance between
the radiation coming from the sun (short-wave)
and that emitted by the human body and the
surroundings (long-wave). Additional effects

relate to humidity ofthe air and the winds. This
is schematically shown in the figure below. By
utilizing conceptual models simulating the heat
balance of the human body under various environmental conditions it is possible to extend
and considerably improve the usefulness of
bioclimatic studies.
One of the uses of a conceptual model is from
the Federal Republic of Germany. The mathematical model of a human, nicknamed
"Klima-Michel", is used for the studies of
factors determining the heat balance.
"Michel's" activities (walking, running, etc.)
can be specified and the climatological input
described in great detail. Using high resolution
digital terrain data and climate variables
obtained from satellites, the results from
studies with models of this kind could be useful
in fine-scale land-use planning, e.g. for optimizing the location of hospitals, sanatoria, industries and new settlements.
A hypothetical map is depicted on the back
cover showing in broad format the possible
bioclimatic regions of an imaginary region
or country.

The Thermal Environment of Man
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IRTR = Infra - Red Thermal Radiation
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HOW TO FIND OUT MORE
The extent to which the areas related to climate and human health have developed vary
greatly from country to country. Some national
Meteorological Services already have special
units 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, those who seek further information and/or advice on matters related to climate
and human health should always start by contacting their national Meteorological Service.
As a minimum, the national Service will be able
to provide basic climatological 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:
1. Proceedings of the WMO/WHO/UNEP
Symposium on Climate and Human Health,
Leningrad, 1986, Volumes I and 11.
2. WMO Technical Note No. 123. The assessment of human bioclimate-a limited
review of physical parameters. By H.E.
Landsberg, 1972.
3. WMO-No. 652. Proceedings ofthe Technical Conference on Urban Climatology and
its applications with special regard to tropical areas, Mexico, D.F., 1984.
3. The Greenhouse Gases. UNEP/GEMS
Library, No. 1, 1987.
4. The Ozone Layer, UNEP/GEMS Library,
No. 2, 1987.

For further information about
relevant activities and/or publications within the UN family
of organizations, please write to:

World Meteorological Organization
41, Avenue Giuseppe-Motta
Case Posta1e No. 5
1211 Geneva 20, Switzerland
Tel.: (022) 34 64 00

World Health Organization
Avenue Appia 20
1211 Geneva 27, Switzerland
Tel.: (022) 912111

United Nations Environment Programme
P.O. Box 30552
Nairobi, Kenya
Tel.: 333 930
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HYPOTHETICAL BIOCLIMATIC MAP

Invigorating climate, at times moderate stress
Most of the time optimum comfort
Frequently too hot in summer, leading to heat stress; cold and damp in
winter
Risk of high air pollution during stagnant weather situations
Exposed to mountain fohn winds, causing irritability

