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FOREWORD

While the effects of weather and climate on human health have long
been recognized, interest in this subject has revived in recent years.
An
important reason for this may be the accelerated rate of change of natural
climates such as is taking place in large, rapidly growing cities in tropical
areas and in areas associated with industrialization, environmental pollution
and ecological disturbances such as deforestation.
To promote the capabilities of Meteorological Services in applying
climate knowledge and information to human health aspects, the Ninth WMO
Congress (Geneva, May 1983) accepted the kind invitation of the U.S.S.R. State
Committee for Hydrometeorology and Control of Natural Environment to host a
symposium on Climate and Human Health in the U.S.S.R.
The symposium, which
was co-sponsored by WMO, WHO and UNEP, was held in Leningrad from 22 to 26
September 1986 with the participation of 126 experts from 28 countries.
The
International Programme Committee, which was responsible for the scientific
aspects of the organization of the symposium, included Prof. E. P. Borisenkov
(Chairman, U.S.S.R.), and Drs. I. Galindo (Mexico), W. H. Weihe (WHO),
C. C. Wallen (UNEP) and V. F. Loginov (WMO).
In addition to the presentation of 66 papers, the symposium also
provided a framework for discussions of a wide range of matters related to
climate and human health and for the formulation of recommendations for future
actions.
The present publication contains both the texts of the lectures and
the conclusions and recommendations of the symposium.
These will form the
basis for planning future activities by WMO and the organizations concerned in
Climate and Human Health.
I am pleased to have this opportunity of expressing the appreciation
of WMO to all those who have contributed to this very successful project.
Special appreciation is due to the co-sponsoring organizations, UNEP and WHO.
Without their moral and financial support, the project would not have been
possible.
Special thanks are also given to the members of the programme
committee, who also helped in editing these proceedings.

G.O.P. Obasi
Secretary-General

WMO/WHO/UNEP International Symposium on Climate and Human Health

Conclusions and Recommendations

From 22 to 26 September 1986 a WMO/WHO/UNEP International Symposium
was held in Leningrad at the A.I. Voeikov Main Geophysical Observatory on the

subject of "Climate and Human Health".

For some time the three sponsoring organizations had jointly

considered this an important issue and found that it would be useful to
convene a symposium of leading experts in climatology, public health,
medicine, epidemiology, environmental planning, and related fields.

The

purpose of this symposium would be to provide a forum to discuss various
aspects of the application of climatology to human health, in particular, the

assessment of climate impact on health and to make recommendations for future
action including research.

The symposium was held in the USSR at the kind invitation of the State
Committee for Hydrometeorology and Control of Natural Environment and the

Voeikov Main Geophysical Observatory in Leningrad, and 126 participants from
28 countries took part in the symposium.

A total of 66 review lectures and

reports on original research were presented covering the following topics:

1.

Evaluation of the effects of meteorological elements on health,

2.

The provision of health records including epidemiological studies

for statistical human biometeorology,

3.

Classification of climate with respect to healthy and diseased

man both on the large and local scale,
4.

Heat balance of man as related to his health and wellbeing,

5.

Meteorological forecasting for medical purposes,

6.

Social and economic value of climatological information for

preventive medicine and human physical activities,
7.

Climatic aspects of human health and planning activities

(housing, human settlements, rational land-use, tourism and
recreation).
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The considerable number of papers presented at the symposium together

with an increasing number of scientific publications, as well as the recent
establishment of special biometeorological centres within the national
meteorological services, at universities and other institutions in various

countries are evidence of growing interest in the interaction between man and

his climate in many regions of the world.

The participants agreed that atmospheric conditions have a significant
impact on human health, particularly in stressful climates, e.g., the Arctic,

the humid tropics and under frequent weather changes.

Many of the papers

presented at the symposium dealt with such impacts.

The participants also stressed that even when the main emphasis in an

epidemiological study is not directly climate related, climatological data
could and should be an important input, e.g., in the case of studies of air
pollution and the spread of infectious diseases.

Most studies of the effects

of air pollution on human health have been undertaken in the temperate zones,
and the additional meteorological stresses found in the tropics, the arctic
and at high elevations may significantly change the nature of dose-response

pollution relations.

The participants in the symposium agreed that there is a need to
co-ordinate efforts of professionals such as geophysicists, climatologists,
epidemiologists, physicians and hygienists, to promote»

- collection and exchange of appropriate data and information»

- research in selected areas»
- assessments of the social and economic implications of adverse

effects of weather and climate on human health»

- education and information of the public to appropriate climate
related behaviour»
- education and training of experts particularly in developing

countries.

Regarding the collection of appropriate data, it was agreed that WHO
and WMO with the help of national authorities should co-operate in identifying

the meteorological parameters most important for application to human health

XIII

Countries should be urged to collect pertinent data on a national

problems.

basis.

The INFOCLIMA should be able to provide information about the

availability of those data.

With respect to the need for data in the human health area, the
symposium recommended that an international information system on the
availability of epidemiological data currently existing around the world, be
established, as it has been initiated by WHO.

The symposium agreed to recommend the following activities and topics
for research on climate and human health:

- the application of heat balance models for assessment of thermal
stress and other aspects of impact of temperature conditions;

- adaptive behaviour based upon thermal conditions in different
geographical regions;

- studies of impact of different types of climate and weather on
diseases ;
- climate impact on morbidity and mortality;
- climatherapy as an effective means for health treatment;
- impact on climate of air pollution with regard to human health;

- aspects of comfort and health in housing and city climates;

- analysis of the implications of possible climatic changes as regards

effects on human health;
- the possible application of modern technology, particularly space

surveillance technology.

In their discussion of the item on education and training, the
symposium participants agreed to recommend that the need to develop a

curriculum for university studies on climate and health be considered by WMO
and WHO.

Improved information to the mass media about the development of the

field of climate and health and its significance in daily life was also
encouraged.

It was finally recommended that the following topics be

considered for improved exchange of information among specialists or for
publication of scientific state-of-the-art reports:

- evaluation of various methods to study the effects of geographical

factors and meteorological parameters on human health;

XIV

- classification of climate from the biometeorological point of view
both on a regional and local scale;

- biometeorological forecasting on the basis of synoptic situations;
- methods for evaluation of the heat balance of the human being;
- assessment of social and economic impact of human health climatology;
- evaluation of existing epidemiological data banks with a view to

recommending improvements in their usefulness for biometeorological
assessments.

Keeping in mind the international character of the problem under
discussion, it was recommended that co-operation and co-ordination between

relevant UN organizations be enhanced and that contact for co-ordination be
made also with relevant non-governmental organizations such as ISB and IIASA.

The participants in the symposium suggested that the USSR State

Committee for Hydrometeorology and Control of Natural Environment, jointly

with WMO, WHO and UNEP, arrange for the publication of the proceedings of the

symposium in both Russian and English.

They finally expressed their appreciation to the USSR State Committee

for Hydrometeorology and Control of Natural Environment and to the Voeikov
Main Geophysical Observatory for the excellent local arrangements of the
symposium.
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TOPIC I:

EVALUATION OF THE EFFECTS OF METEOROLOGICAL

ELEMENTS ON HUMAN HEALTH

COLLECTION OF METEOROLOGICAL OBSERVATIONS AND

ESTIMATION OP THE EFFECTS OF METEOROLOGICAL ELEMENTS ON HUMAN HEALTH
E.P. Borisenkov
Main Geophysical Observatory
Leningrad
USSR

At present, the networks of hydrometeorological observations which
have been established in various countries of the world are in most cases
sufficiently well developed and are functioning well enough to be used in the
practical hydrometeorological support of various branches of the national
economy.
The present paper analyzes which hydrometeorological and geophysical
information is available to health services.
HISTORICAL ANALYSIS
Information concerning the history of the Earth's climate shows that
there exists an appreciable effect on man and his environment due to
fluctuations in climate (Arakawa, 1975; Borisenkov, 1982; Borisenkov et al,
1983; Berg, 1947; WMO No. 537, 1979; Monin, 1979; Kellogg, 1981; Lamb, 1981;
Roberts, 1979).

During the Earth's glaciation periods and, in particular, during the
recent one; the climatic conditions on most continents were highly
unfavourable for human beings, while the recent post-glacial time period,
called the "Holocene" period and which started between 15 and 18 thousand
years ago, became the period during which modern civilization developed.

With the aid of paleodata and general circulation models, the
temperature regime at the height of the recent Ice Age period has been
reconstructed.
This showed that the surface air temperature in summer was
much lower than it is at present, on the average, by 5.3°C in the Northern
Hemisphere and by 4.5°C in the Southern Hemisphere (Borisenkov, 1982;
Borisenkov et al., 1983; Climap project members, 1976; Gates, 1976; Lamb,
1981). This indicates that at that time there was a complete absence of
vegetation and hence a lack of living conditions for man in what we today know
as the temperate zone.

The climatic conditions in the following Holocene period were not
homogeneous. About 6 to 8 thousand years ago a long period of climatic
optimum started, which lasted for several thousand years and throughout which
the climatic conditions everywhere were more favourable than they are now
(Borisenkov, 1982; Keller, 1920; Monin, 1979; Kellogg, 1981; Lamb, 1981).
The Vikings development of Greenland started in another period of
relatively favourable climate during the 10th to the 13th century (little
climate optimum) but, as occurred with a similar attempt to develop Iceland,
it was halted due to the deterioration of climate during what has been called
the little Ice Age, in the 14th to the 19th century. The settlements in
Greenland died out in the 15th century (Borisenkov, 1982; Borisenkov et al.,
1983, WMO No. 537, 1979; Monin, 1979, Kellogg, 1981; Lamb, 1981; Roberts,
1979) because, after 1420, communications between Europe and some regions in
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Greenland broke down more and more often due to severe ice conditions.
In
fact, during the period between the late 15th and early 19th centuries no
European ship could reach Greenland. Between 1575 and 1600, even Iceland
became heavily blocked by pack ice.

The end of the Vikings' settlements in Greenland in the 14th century
was partly due to direct climatic changes but also to accompanying causes such
as bad nutrition, epidemics, mixed marriages, etc. (Lamb, 1981; Landsberg,
1984).
Unfavourable events were also observed in many European countries
during the little Ice Age. In England, for instance, the period from 1438 to
1485 was a depopulation period, i.e. a period of population decrease, and
during the period between 1560-1645, according to Lamb's data, the mean age of
men who married for the first time was 27 years, and for women 30 years.
After 1720 this age further decreased rapidly and in 1820-1830 was as low as
23 years.

During the period 874-1000 A.D., according to Bergzerson's data (Lamb,
1981), the medium height of a young Spanish man was 173.2 cm.
Between the
years 1000-1100 the medium height was 171.8 cm., and during 1100-1503 it
decreased to 171 cm. However, in the most unfavourable period of the little
Ice Age, between 1650-1786, the medium height decreased to 168.6 cm, and in
1700-1800 it was 166.8 cm. In 1952-1954 it had sharply increased again,
reaching as much as 177.4 cm.
According to Lamb, the mean age of female pubescence in Norway in 1847
was 17 years, in 1861 it had decreased to 16.5; in 1880 to 16; in 1908 to
15.5; in 1920 to 15; in 1934 to 14.5; and in 1944 to 14.
In 1954 it was as
low as 13.1 years.
It is quite possible that climate affected these processes, not only
directly, but also indirectly through changing social conditions, nutrition
conditions, epidemics etc., which may in turn have been caused by severe
climatic circumstances (Borisenkov et al., 1983; Kellogg, 1981; Lamb, 1981;
Roberts, 1979).
During the golden age of the Roman and Greek civilizations the average
life span was 35 and 32 years respectively, whilst in the previous period,
during the Bronze Age, it had reached 38 years.
In England, according to data
available from 1276, i.e. late in the "little climatic optimum", the mean life
span was 48 years, whilst with the beginning of the little Ice Age in
1376-1400, it dropped to 38 years. As was noted earlier, the European
settlements in Greenland died out during the early part of the little Ice
Age. High mortality was also observed in other countries at that time,
particularly in Iceland. Similar examples can be given from information about
the history of Japan and some other countries (Arakawa, 1975; Lamb, 1981).
During the period of unfavourable climatic conditions, particularly during the
little Ice Age, an increase in the number of cases of pest invasions,
epidemics, and human deaths by diseases were also observed. This fact is
evidenced by the recorded number of burial services, coffins ordered, etc.
Historical information shows that the highest frequency of such events
coincide with the climatically most unfavourable periods of the little Ice Age
during the 14th, 16th and 18th centuries. Literary sources also inform us
that the "black death" (a pest disease), which occurred in Europe between 1348
and 1350, caused fewer deaths per year in England than did the consequences of
climatic anomalies between 1693 and 1700 (Lamb, 1981).

5

Historical chronicles indicate that in many European countries during
the late 17th and 18th centuries, unfavourable climatic conditions resulted in
a population decrease due to lower birth rates and higher mortality rates.
In
Scotland, women and children died of starvation and diseases and cities and
villages became deserted (Lamb, 1981). According to Russian chronicles
(Borisenkov et al., 1983), from the little Ice Age period, epidemics, diseases
and human deaths were related to unfavourable climatic conditions.
From
literature it is indicated that epidemics depend to a great extent on the
combination of extreme temperatures and directions of air mass transport.
However, the unambiguity of such relationships has not yet been established.
In the light of the above discussion, we may conclude that information about
European history clearly points to the fact that climatic changes may
appreciably affect human health.
INFORMATION ON CLIMATE AND ITS RELATIONSHIP TO MORBIDITY
There exist at least three types of relationship between climate and
human health. Firstly there is a direct influence of climatic conditions on
human health.
In this context it should be noted that the climatic conditions for
human comfort in terms of temperature have a rather narrow range in the order
of 19 to 25°C. However, at the same time, the temperature range between
different climatic zones where humans are living is much wider.
It is indeed
this situation which determines the dependence of human living conditions on
climate (Borisenkov, 1982; WMO No. 537, 1979).

At the present time a number of quantitative characteristics of
climate severity have been defined.
All of them are based, to some extent, on
the heat budget equation. The determining characteristics of climate comfort
are temperature, wind, humidity, sunshine and the radiation budget. As an
example we shall use here the quantitative criteria proposed by Hill (Lamb,
1981) where the comfort index H in thousands of calories per second and cm2
is related to wind speed V in m/sec and temperature T in °C as follows:

H = (0.14 + 0.477y)

(36.5-T)

Comfort conditions are defined as corresponding to a value of H
between 5 and 8. When H<3, hot conditions are prevailing.
If H^15, the
climatic conditions are considered cold, and if H^20, they are extremely
cold. Under saturation conditions (high humidity), the coefficient 0.21
should replace 0.14.

V.N. Adamenko and K.Sh. Khairullin have proposed another index which
allows the taking into consideration of the heat balance of the body surface.
This index characterizes an abstract climate, and its effect on man. The
index is referred to as "reduced temperature" and takes the following form:

2.5 Bo
Qred = Qb — 8.2 V2 +
0.14 + 0.1 V

where

Qred is reduced temperature in °C;
Qb is air temperature in °C;
V is wind speed in m/sec;
Bo is the radiation budget of body surface.
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The values of Qred -28°, -38°, and -42° are used to determine respectively
the heating needs for working people, the reduction in working time required
and when to stop outdoor work. These and other similar criteria are
increasingly being used as the basis for climatological zoning of countries
and continents according to medico-climatic indices. This is one of many ways
of organizing a co-operation between climatologists and specialists of health
services, as has already been done between climatologists and specialists in
power engineering, building, water management, etc.
The second type of relationship between climate and health is of a
deeper and less distinct nature. It concerns the indirect non-linear
relationships which manifest themselves through climate effects on social and
health processes (such as droughts, glaze ice, epidemics, diseases, mortality
and morbidity, use of heating system, etc).
Due to rapid population growth,
climatic anomalies and extreme weather phenomena affect more and more the
densely populated areas of the world and, to a growing extent, larger
contingents than was previously the case.
This process will be even more
noticeable in the future, since the population of the planet is likely to
double by the early 21st century. At present we are familiar with a number of
examples of such effects. For instance, recent droughts in the Sahel and in
Ethiopia resulted rapidly in problems which had to be solved by health
services. Climatic extremes such as droughts, floods, winter colds, etc.,
exert various types of pressure on human health (Borisenkov et al., 1983;
Berg, 1947; Gaudio, 1985) and a thorough study of these questions requires the
joint efforts of climatologists and specialists of the health services.

The third type of inter-relationship between climate and health is one
of a still deeper and less studied character. The problem here involves the
assessment of the physical mechanisms related to the effects of changes in the
climatic system on human health.
In this problem area we have to deal with,
for instance, the effect exerted on man by a changing spectral composition of
solar radiation, particularly in the UV-region of the spectrum, influences of
static electrical fields, the Earth's magnetic field, the corpuscular fluxes
from the sun or other effects of solar activity, of pollution of the
atmosphere, of the ionization of the atmosphere and of soil and noise
pollution, etc. To solve these problems thorough physical, chemical and
medico-climatological studies, based on available information about the
climate system, are necessary.
At present a large volume of information has been accumulated about
the climatic system which is either not available to many health service
specialists or, if it is available, they often do not know how to use it.
Even the climatologists themselves often do not know how to use this
information to support the health services.

The basic facts about the climatic system are determined by the
systems of observations of the atmospheric environment, which are operated by
the Hydrometeorological Services of Member countries of WMO, or in some
countries by the ministries for environment protection. In many cases such
systems are also operated by agencies interested in various forms of
specialized information on the natural environment (health service sanitary
inspections, agriculture, etc.).
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Table I presents the basic networks of observations of the climatic
system with brief characteristics and indications of the possible application
of the observations to health related problems.

Many of the above types of information, such as on the
temperature-humidity regime and the solar radiation, as well as on the
pollution of the atmosphere, the hydrosphere and the soil, are being used in
medico-biological studies. On the other hand, some observations of great
importance to the health service, for instance, those related to noise
pollution, have not yet been organized on a regular basis.
In some cases, it
is not yet completely understood how existing information can be used in
studies of the interrelationship of climate with health.
In other cases they
are being used without sufficient understanding of the physical processes.
As an example, let us consider the existing information on atmospheric
electricity and its relation to atmospheric pressure changes.
In many
medico-biological studies, human health is shown to be related to changes in
atmospheric pressure. At the same time there is reason to believe that a
pressure change is an indirect index of the effect of other atmospheric
conditions on human well-being.
Indeed, atmospheric pressure changes of
10-30 mb in a few hours may occur in connection with the passage of cyclones,
anticyclones, and atmospheric fronts.
Such changes are equivalent to
ascending and descending a mountain of several hundred metres high. However,
in the case of atmospheric disturbances, man often does not feel these, or
even greater, pressure changes. The change in oxygen content in connection
with a pressure change does not have a convincing effect on man either.
Indeed, with a pressure drop by 20 mb, a decrease in the total oxygen content
in an atmospheric column of unit section 1 cm2 thick, comes to about
4 g/cm2, however in the surface layer the decrease in the oxygen content
will be 200 times smaller.

At the same time, there is no doubt that a sick man feels the effects
of weather changes in the passage of troughs connected with atmospheric fronts
and cyclones. This is an experimental fact. At the same time, it is well
known that strong electric fields also influence man. Examples of this are
the need for sanitary protection zones under high-voltage power lines and the
reactions of man before and after thunderstorms, etc. Analysis of the
atmospheric electrical field during the passage of atmospheric fronts show
that pressure changes and electrical field changes are closely interrelated
and the scientific literature, since the beginning of atmospheric electricity
measurements, inform about many studies which have been undertaken on the
behaviour of electrical field characteristics under different weather
conditions (Klossovsky, 1985; Keller, 1920; Obolensky, 1939; Tverskoy, 1949;
Israel, 1961; Reiter, 1960).
According to this information, the relationship between elements of
atmospheric electricity and weather conditions was discovered already some
time ago.
Various examples of this relationship are presented. However, only
one case has been found which shows clear evidence of the dependency of an
atmospheric electricity value on a pressure change due to weather conditions
(Israel, 1961).
It was shown that a pressure change from 748 mm to 752 mm,
which occurred within five hours, was followed by the formation of a negative
electric field with the maximum value of the potential gradient of 600 Vm
*
1.
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Table I

Characteristics of Functioning Networks for Observing
Climatic System

NN

Observational Network

1

2

1

Network of stations,
posts, etc. for sur
face meteorological
observâtions

2.

3.

4.

Network of radiometric
observation stations

Network of ozone obser
ving stations

Network of heat budget
observation stations

5.. Network of stations of
atmospheric electricity
observations

6.

Network of stations of
surface agrometeorological observations

Characteristics of Observational Network

Importance for
Health Pro
tection
4

3
Optimal distance is 60-70 km and lees. 3 fixed-time
observations, for 24 hours, of temperature,atmosphe
ric pressure, humidity, wind, cloudiness,weather
phenomena. Aircraft,ship, satellite and other types
of observations are used.

It is organized on the base of some existing meteo
rological stations. 6 fixed-time observations are
made. The observed values (radiation budget compo
nents - direct,total,reflected,diffuse radiation,
radiation budget, atmospheric transparency, photo
synthetically active solar radiation) are registered
on a 24-hour basis.

Yes

1

It is functioning on the base of some meteorological
stations. The network is regular with distances bet
ween stations from 500 to 1000 km. Not lees than 7
hourly measurement series are made in the daytime.
The total content of ozone and its vertical profile
are determined. Regular satellite observations of
global content of ozone began.
It functions on the base of some meteorological sta
tions carrying out actinometric observations. Heat
budget and thermal-physical characteristics of sur
face air layer are measured.

The network is sparse. There are several dozens of
stationary poets in the world. Potential gradient of atmosphsrio electrical field, characteristics of air
electric conductivity, spherics, lightning discharges,
etc. are measured.
I

It is organized on the base of existing meteorological
stations or independently. Standard meteorological ob
servations and specialized observations of crop condi
tion, photosynthesized radiation, etc. are made.

7.

Network of stations of up It functions on the base of some meteorological stations
or independently. Optimal distance between stations is
per-air observations
250300 km, 4 fixed-time observations for 24 hours are
made. The state of free atmosphere (temperature,pres
sure, wind, humidity) is registered.

S.

Network of stations of

radar observations

9.

CO.

The network is approximately regular with optimal dis
tance between stations 250 400 km. Observations of
cloudiness and precipitation, especially hail , showers, thnnd era tomia are made. Observation time coincides
with the time of surface meteorological observations.
Besides, additional observations are made.

Network of ionospheric
observation stations

The network is sparse with distances between stations
14001500 km along meridian and 2000 2200 km along
latitude. Ionosphere sounding with frequency of 1 hour
is carried out in some cases more often.

Network of stations of
geomagnetic observations

The network is sparse. Geomagnetic field and its vari
ations on the Earth's surface are registered.

Yes

Yes

Yes

Yes

Yes
Information
not avail
able. Poten
tially
Yes

Yes

Information
not available
Potentially
Yes

- do Yes
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(Table 1 continued)

11. Observations of solar
activity

The network of surface astrophysical and astronomical
observatories. Satellite observations. The spectral com
position of solar radiation in roentgen,ultraviolet, vi
sible and infrared bands, solar radio-frequency radia
tion, solar flares and other characteristics of solar
activity (sun spots, flares, protuberances,etc. ) are
measured.

12. Network of stations of
hydrological observa
tions

The network is irregular, concentrated on water reservoirs.
The conditions of rivers, lakes, water storage basins, big
oanals, marshes are observed. Water level height and tempe
rature, ice depth and depth of snow cover on ice, under
ground water level, sediments, currents, waves, chemical
composition of water are observed. Aircraft and satellite
observations are used.

13. Network of stations of
sea hydrometeorological
obsarvationa

Network of stations in littoral and shelf areas of margi
nal and inland seas, in id ver mouths, on islands, on
special ships. '
Satellite observations and other
methods of remote measurements are used. Observations are
made 4 times for 24 hours and by special programmes. Com
position of observations is approximately the same as in
No.12.
It includes the network of background monitoring stations,
the network of observing stations in towns and industrial
centres, observing networks of the atmosphere control bo
dies and other agenoies, pilot-balloon observations, expe
dition inspections. Observations are made 4 times for 24
hours and by special programmes. Background level, indus
trial pollution, emission sources are monitored.

14. Network of air-pollution
observation stations

15. Network of stations of land The same observing stations.and other means as in Nos.12,
and sea water pollution ob 13 are used.
servations
16. Network of stations of
soil pollution observa
tions

Observations are made on a number of meteorological sta
tions and posts. The level of soil pollution with indus
trial emissions, chemical weed-killers and pest-killers,
by transport, etc. is determined.

17. Network of enow cover
pollution observations

Observations are made on separate stations once a year
during maximum snow storage or more often by special programes. Chemical composition and pollution of snow cover
are investigated.

18. Network of transboundary
pollutant transport ob
servations

The network of stations is on the base of some existing
hydrometeorological stations located along the state
frontiers, provided there is no pollution sources near
the etations. Transboundary pollutant and aerosol trans
port is estimated every week.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Information
not avail
able. Poten
tially
Yea
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Other examples of the behaviour of atmospheric electricity with the
change of weather conditions have been presented by Reiter (Reiter, 1960).
Attention by him is drawn to the fact that with the passage of fronts, the
variability of the potential gradient of the atmospheric electrical field
increases sharply and the number of radio-emission pulses in the 10-15 kc and
the 4-12 kc regions increase. The author relates the former disturbances to
local ones appearing in the front line area, and the latter ones to those
covering more extensive areas. It has been observed that electrical field
disturbances which show up in the form of variability of its strength and
polarity can also appear with local atmospheric instability in connection with
showers and thunderstorms of a non-frontal nature.
In view of the possible biological consequences of a change in
atmospheric electricity values, consideration must also be given to natural
variations of the penetrated indoor value. The following results have been
presented in this connection.
The stationary electrical field does not penetrate indoors, but
approximately 0.5% of the field energy (or strength) with 50 c frequency and
10% of the field energy (or strength) with 10 kc frequency penetrate. Israel
and Reiter (Israel, 1961; Reiter, 1960) suggest that only the following
atmospheric electricity factors cause biological effects:
1)

All processes connected with ionization and ion content,
space charges of the air and radio-activity.

2)

Very rapidly occurring electric field changes and
displacement of currents.

3)

Electromagnetic waves (Reiter, 1960).

At the Main Geophysical Observatory Ya.M. Shvarts, together with a
group of collaborators, made a special analysis of the relationship between
the atmospheric pressure field and the atmospheric electricity field with the
passage of fronts. To this end all meteorological observations in Voeikovo
were used, including barograms and observations of atmospheric electricity
such as observations of the potential gradient of the atmospheric electrical
field, the polar electrical conductivity of the air and the natural
atmospheric radio emissions at 30 kc frequency in approximately 3 kc band
(with an instrument threshold response of about 1.5 V m
* 1) during the period
January 1985 to April 1986.

Three-four day periods were selected from the barograms during which a
considerable change (decrease or increase) in pressure took place showing an
amplitude not less than 10-15 mb. These periods are given in Table 2.
Using these time periods, hourly means of the potential gradients of
the atmospheric electrical field (V1) and hourly means of the polar
electrical conductivities of the air (Ap+ and Xp-) were analyzed.

Figure 1 (a, b, c, d) presents the curves of atmospheric pressure (P)
change during some of the periods selected and the simultaneous change in the
potential gradient (V1) of the atmospheric electrical field. The Figure
shows that in the periods containing a drastic change in pressure, V1 is
also characterized by high variability reflected in changes from positive to
negative values during one hour (these hours are marked in the Figures).
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Nos. The time of
pressure de
crease start
Hour,date,
month,year

The time of
low passage
Hour,date,
month,year

The time by which
pressure has resto
red
Hour,date, month,
year
»

1.

11.06.01.85

00.07.01.85

21.07.01.85

2.

11.17.01.85

21.18.01.85

22.20.01.85

3.

14.02.04.85

12.03.04.85

14.05.04.85

4.

07.10.05.85

12.11.05.85

23.12.05.85

5.

09.27.09.85

07.22.09.85

21.30.09.85

6.

00.01.10.85

02.02.10.85

18.03.10.85

7.

II.02.11.85

12.03.11.85

04.05.11.85

8.

14.06.12.85

00.07.12.85

12.08.12.85

9.

14.21.12.85

09.22.12.85

14.23.12.85

10.

10.22.03.86

13.24.03.86

21.25.03.86

Table 2: Time periods during which the study was carried out
(Note: Moscow winter time)
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Fig. 1: The change of surface atmospheric pressure (P) and of electric field
potential gradient (V1) during the passage of fronts for particular
synoptic situations from the ata for Voeikovo station.
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In most cases a minimum of the V1 field precedes high pressure.
This can be assumed to explain the reason why invalids feel the approach of a
low pressure zone beforehand.
It became clear that in periods when fronts
were passing, the potential gradient changed abruptly and in some cases (see
Fig. 1) the instrument even went off scale. This can be explained by the
passage of heavy precipitation zones. Unlike with the V1 field, no
characteristic features were, as a rule, observed during the periods analyzed
in the variation of the hourly means of the polar air electrical conductivity
which would distinguish this variation from changes in Xp in other days.
The only notable distinguishing feature was an increase in Xp with
drifting snow and snowstorms.
Analysis was also made of the behaviour of radio emission pulses in
the passage of fronts.
The daily number of radio emission pulses proved in
these cases to have high or normal values.
Data on the interrelationship of electric phenomena with cloudiness
during the periods under study were also examined.
The variability of V1
seems to be explained by changes in weather conditions such as occurrence of
rain, fog, change of cloud amount, etc. In such cases, firstly, the air layer
resistance changes which in turn affect the values of V1 near the Earth;
secondly, rain, snow and so on carry volume charges, which also produce V1
to change. The occurrence of negative fields of relatively long-period
existence can be shown to be related to the development of Cb clouds which are
electrified like thunderstorm clouds with a negative charge at the bottom and
a positive on top. This explains the change of field sign: from positive to
negative.
Electric air conductivity is generally well related to the occurrence
of snow storms and drifting snow as has been observed on the Antarctic
Continent. The increase of electric conductivity may however be explained
both by the appearance of an additional number of light ions during the
discharges from strongly electrified snow particles and by methodical
measurement errors.

As to the increase of radio emission intensity at 30 kc frequency,
this is most likely caused by the development of thunderstorms in connection
with cold fronts. However, it should be remembered that the passage of a cold
front is not always accompanied by thunderstorms and a sharp change in
pressure is not always explained by the passage of a cold front.

One may conclude that the following two anomalies of electric fields
are accompanying sharp pressure changes:
-

considerable variability of stationary electric fields of the
atmosphere;

-

occurrence of negative electric fields during several or even
tens of hours after the change in pressure.

In our opinion it is important that the effect of these variability
factors on biological objects situated within these fields should be
thoroughly studied. When considering possible consequences of the occurrence
of changes in stationary atmospheric electric fields, it is also important to
bear in mind that the stationary field does not penetrate indoors.
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The above example illustrates the fact that in studies of the impact
on health of weather and climate, one must apply a complex of
hydrometeorological parameters.
It is necessary to have a clear idea of the
physical, physico-chemical and biological processes involved with the effects
of the meteorological regime on human health, and not limiting oneself to old
ideas which, from the physical viewpoint, have sometimes been found to be
unsound.
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EVALUATION OF ME IMPACT OF SOME ATMOSPHERIC ELEMENTS ON HEALTH
I. Galindo
Institute de Geofisica, UNAM
Ciudad Universitaria
Mexico 04510, D.F.
Mexico

1.

INTRODUCTION

In recent years two main problems have emerged which affect the
relationship between man and his environment. One problem is the substantial
increase in the number of industries located in the vicinity of large cities
where they have become sources of emissions of various types of pollutants.
Another aspect of increasing industrialization is the migration of people from
the agricultural areas to urban centers, causing severe problems in relation
to housing, jobs, food, energy, water, sanitation, security, education and
transportation. Hence urban settlements are becoming a deteriorated
environment whereas many agricultural areas have been abandoned. A second-basic environmental problem is the increasing impact of agricultural and
animal grazing practices on the local climate. Large regions of the world
have already been affected, resulting in some areas in changes of even the
regional climate. Through these fundamental changes of the environment, man
has to adapt himself to new hostile and critical conditions.
The above-mentioned urban problems are most dramatic in tropical
countries. At present, out of 34 urban areas with more than 5 million
inhabitants, 21 are located in less developed, tropical countries.
Furthermore, it seems likely that 11 of those cities will, in a not too
distant future, have populations in the 20-30 million range (Bombay, Cairo,
Calcutta, Dacca, Delhi, Jakarta, Karachi, Lagos, Mexico City, Sao Paulo,
Shanghai).
In developed countries, only Tokyo and perhaps New York are
expected to exceed 20 million in the same period (Sassin, 1980; Peterson,
1984).

In the light of recent developments, it is appropriate to review in
more detail the relationship between man and his physical environment. In the
following chapters the impact on human health by some environmental physical
and meteorological elements, including air pollution, is discussed, and some
results are given of research on three medical problems which are climate and
pollution-related.
2.

THE ATMOSPHERIC ENVIRONMENT

Life exists predominantly at the Earth's surface which is immersed in
a compressible fluid of gases, the atmosphere, which is bound to the Earth by
the force of gravity. By compressible we mean that atmospheric gases expand
as pressure decreases. Thus the density and pressure of the atmosphere varies
with the altitude.

The atmosphere is in constant motion relative to the Earth's surface
besides sharing the Earth's revolution around the sun and its rotation about
its axis. At the Earth's surface there is a continuous exchange of matter,
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energy and momentum between the land, the oceans and the atmosphere. Due to
their interaction with the Earth's surface, the physical state of the internal
processes in the atmosphere are constantly changed in various ways.

The instantaneous state of the atmosphere is observed by measuring the
meteorological variables. These consist of solar radiation, temperature,
pressure, density and humidity of the air; wind direction and velocity;
evaporation, precipitation, clouds, etc. Besides these, there are the
so-called "physical environmental factors" such as corpuscular cosmic
radiation, electromagnetic radiation, atmospheric electricity, sound, etc.,
all of which interact with the Earth's atmosphere.

Man and his atmospheric environment can be regarded as two closely
related systems. Man, as a highly organized biological system, depends to a
large degree on the physico-chemical conditions of the atmospheric system to
which he has had to adapt in order to live and survive.
2.1

The atmosphere and its Structure

The system and structure of the Earth's atmosphere is best
demonstrated by the variations of temperature which occur with height.
Figure 1 gives a general presentation of the vertical structure of the
atmosphere based on those temperature variations according to the U.S.
Standard Atmosphere, 1962. The names used for atmospheric shells and
boundaries are those adopted by the World Meteorological Organization. The
physical processes originating in each layer and shell of the atmosphere are
discussed below.

The Earth's atmosphere may be said to act as a kind of filter for many
of the physical entities which are received from the sun and the
interplanetary space, resulting in a relatively constant environment for man
at the Earth's surface.

2.2

Physical Environmental Factors Acting in the Atmosphere

By physical environmental factors is understood the set of material
particles and radiation fields which may act as stimuli on the living
organisms of the Earth and influence their living conditions and their
existence. These factors are related to the nourishment and transformation of
energy of the living organisms.
For instance, the proteins in the human body
may be damaged by special radiation conditions, and the energy balance of the
body may also be affected by radiation.

Material particles and radiation fields originate in:

the sun and the planetary space,
the terrestrial atmosphere,
the Earth's crust and the oceans.
The sun and the planetary space, including the stars, emit practically
all material particles and forms of radiation. The atmosphere itself is a
radiation source mainly for radioactive isotopes, longwave radiation and high
frequency radiation. The Earth's crust and the oceans are also sources of
longwave radiation and natural radioactivity (radioactive gases).

DENSITY(gm ’ 3)

PRESSURE (mb)
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FIG. 1:

The structure of the atmosphere (according to the U.S. Standard
Atmosphere, 1962, after Cole, Court and Kantor, 1965).
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The above sources of radiation are often interrelated. Thus,
radioactive isotopes emitted from the atmosphere originate in the physical
events produced by cosmic corpuscular radiation or in atmospheric longwave
radiation, which in turn originates from emissions from the Earth's crust and
the oceans.
Environmental Radiation

The atmosphere and the Earth's surface receive the following types of
radiation or material from interplanetary space and the sun:

Corpuscular cosmic radiation;
Solar wind;
X-Rays (Roentgen radiation),
Ultraviolet radiation;
Visible radiation;
Infrared radiation;
Low frequency radiation.
The transport and propagation of material particles (corpuscular
radiation and solar wind) and of electromagnetic radiation (X-Rays,
ultraviolet radiation, visible radiation, infrared radiation, low frequency
radiation) are characterized by their high velocities. All of the phenomena
may be physically described by their frequency (or wavelength), momentum and
energy. In the case of material particles, mass may also be incorporated as a
characteristic.

Corpuscular radiation
Corpuscular radiation contains statistically charged particles such as
electrons, neutrons, mesons, etc., and may be of galactic or solar origin.
Solar wind consists of protons. Table 1 presents the actual classification of
such particles In three groups according to their mass: leptons (light),
mesons (medium), and bartons (heavy).
Reaching the vicinity of the Earth (at a distance of 1 to 3
Earth-radii) the charged particles of corpuscular radiation and solar wind,
having an energy of about 109 eV (1 GeV)
,
*
interact with the geomagnetic
field and form the electrically charged so-called van Allen radiation belts at
an altitude of 60,000 km. As a result of such interactions, the original
cosmic and solar particles rapidly decay and secondary radiation is produced.
At an altitude of 15 to 25 km the dominant particle is the photon and in the
lowest atmospheric stratum near the Earth's surface, the muons with an energy
of between 10^ MeV to 10® MeV dominate. The mesonic end-component of
cosmic radiation called w-mesons (pions) interacts at high altitudes with
atmospheric ionizing gases and in the tropopause with the radioactive nuclides.

A great number of radioactive nuclides emanating from the Earth's
surface are airborne in the atmosphere. Very minute concentrations of
naturally radioactive gases (radon, thoron, actinon) are also mixed with the
air. On the decay of these nuclides and some of their daughter elements «
and/or p rays are emitted; the energy of the « particles being between
5 MeV and 8 MeV; while that of the electrons is roughly between zero and 3 MeV.

*

eV = electron volt
GeV = giga electron volt = 109eV
MeV = mega electron volt = 106eV
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TABLE

Some elementary particles and their properties***

1.

Class

Name

S1±'
ChX

SP’"
(h/2’>

Photon

photon

v°

1

Leptons

neutrino

v°

1/2

electron

Approx.
Mean Life
(sec)

0

0

stable

0

0

stable
stable

%
e

1/2

1

0.511

muon
(mu meson)

u+,_

1/2

207

106

IO’6

pi meson
(pion)

w°

0

264

135

10'16

K ’
K+*’

0
0

273

140

10 -A
8

967

494

K10

0

974

498

k20

o

974

498

P+

1/2

1836

938

n°

1/2

1839

940

A.E.E

1/2

2180
to
2580

1115
to
1318

positron

Mesons

Charge
Mass
(m ) ***
***(MeV)
e

**K meson

X -

•

10‘8

10‘10
10"7

Baryons

Nucleons

proton

neutron

Hyperons

*
**
***

**

me, the rest mass of the electron, is 9.109 x 10’31kg.

K mesons and Hyperons are the "strange particles".
After G.A. Snow and M.M. Shapiro, 1961.

stable

103

IO’10
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The radioactive nuclides (of both natural and artificial origin)
contained in the Earth's crust emit part of their corpuscular radiation into
the atmospheric layer near the ground. The same is true for nuclides found on
or in plants covering the ground (Reiter, 1974).

Ionizing radiation and its effects on man
The types of radiation with which we are concerned here are the
p- and y- radiation of radioactive substances, X-rays, protons and
neutrons (see Table 2). These may be grouped together as ionizing
radiations. The principal means of energy dissipation by ionizing radiation
in its passage through matter is the ejection of electrons from atoms through
which it passes.
It is possible that some radiative actions of biological
significance are due to this separation of electrical charge. However, in
most cases it is more likely to attribute such actions to chemical changes
resulting from the ionization, because when an atom is ionized the molecule of
which it is a part almost certainly undergoes chemical changes (Lea, 1962).
The subject of the impact of ionizing radiation on human beings has increased
in importance mainly due to considerable public concern caused by the testing
of nuclear arms, the construction of nuclear power plants and the increased
medical use of X-rays. There are two fundamentally important biophysical
aspects of radiation on man: the existence of a threshold value above which
dangerous effects of radiation may exist and the possibility of existing
long-delayed effects of radiation (Setlow and Pollard, 1962).

Electromagnetic radiation

The electromagnetic spectrum is shown in Figure 2.
In spite of the
wide range of frequencies, all these forms of radiation propogate through
space as transverse electromagnetic waves; and their speed of propogation are
all at the speed of light. The differences in wavelength and frequencies lead
to profound differences in their generation and interaction with matter.

The main spectral regions are distinguished by the various methods of
generating or observing their wavelengths, and their limits are fixed by
convention rather than by sharp discontinuities of the pertinent physical
phenomena.
The sun is the main source of electromagnetic radiation. At a
distance of one astronomical unit (mean distance from the sun of the Earth's
orbit) and outside of the Earth's atmosphere, a value of 1373 ± 20 Wra-2
(uncertain within ±2%) is given for the total irradiance. However, for
illustration purposes, a value of 1390 Wm-2 is used here. Ninety-nine
per cent of the total irradiance from the sun falls within the interval 0.22
to 11 ym.
Solar radiation interaction with the atmosphere

The energy carried by solar radiation interacts with particulate
matter in the atmosphere producing important chemical changes and heating.
X-rays and ultraviolet radiation are absorbed by gas molecules
producing photoionization and photodissociation of molecular oxygen, atomic
oxygen and ozone. The flux of photons becomes smaller as the solar radiation
penetrates deeper into the atmosphere. The rate at which the photon flux
diminishes as the altitude decreases depends on the extent to which radiation
is absorbed by the atmosphere and this in turn depends upon the wavelength of
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TABLE

2.-

Ionizing i"adiation and humans
*

Background radiation
Cosmic ray
At sea level
At 5000 ft

30
70

mr/yr
mr/yr

Natural radioactivity
In the open
In buildings
Representative total

50
80
120

mr/yr
mr/yr
mr/yr

Average dose due to medical x-rays (gonads)

100

mr/yr

Estimated dose in U.S. from fallout at rate
preceding 1956

3

mr/yr

Estimated dose to double the spontaneous rate
of mutation in man

5-150 r

Maximum permissible doses
Whole population

E4xl06r per 106 population
up to age 30

Occupational
Accumulated
Weekly
Emergency

5 (age - 18) r
3 r over 13 weeks
25 r, once only in a lifetime

Life shortening due to 1 r

5-15 days

Dose due to one set of dental x-rays
To face
To gonads

300 mr
5 mr (male), 1 mr (female)

Dose due to one chest x-ray (large film)
To gonads

50
0.4

Dose due to pelvimetry in pregnancy
Mother
Child

1300 mr
2700 mr

Mean lethal dose (whole body)

500

r

Dose for sickness symptoms

150

r

Dose for radiation burn

300-1000 r local to skin

Local dose in cancer treatment

3000 r

Dose due to radioactive wrist watch

At skin 600 mr/yr

Dose due to foot x-ray machines
Feet
Gonads

Up to 25 r!
75 mr (male), 15 mr (female)

*

mr
mr

U.S. Congressional Hearing on Nature of Radiation Fallout and its Effects on Man
(1956). Report to the United Nations Scientific Corm ittee on the Effects of
Atomic Radiation, New York, 1958.

**

mi I Lirad/year 1 rad = unit for radiation dose = 100 ergs transferred to
one g of tissue (human).

Ik

Figure 2: The electromagnetic spectrum

(after Neiburger, Edinger and Bonner, 1973)

the radiation. Thus, visible radiation with wavelengths around 5000 A,
suffers little absorption in the atmosphere, and the flux at ground level is
not much smaller than the flux in space. On the other hand, the atmosphere
strongly absorbs ultraviolet radiation with wavelengths shorter than
3000 A. Photons at these wavelengths do not reach the ground at all.

Photoionization occurs mainly in the ionosphere, which extends upwards
from a height of about 50 km, and in which electrically charged ions and
electrons are present in sufficient quantities to affect the propogation of
radio waves.

25

The heating effect of solar radiation can be seen quite readily in
Figure 3 which shows how the electromagnetic radiation is absorbed in the
atmosphere and how the temperature variations with altitude are created. As
pointed out earlier, there are three maxima in the temperature profile: the
first is at ground level, where the temperature is about 290°K; the second is
at the level called the stratopause, at a height of 50 km, where the
temperature is about 280°K; and the third occurs at heights above 200 km, in
the layer of the atmosphere called the thermosphere, where the temperature can
rise to 1000°K or more (Goody and Walker, 1972). On the right hand side of
the Figure there is an indication of the atmospheric heights at which solar
radiation of various wavelengths undergoes absorption.
Once the ground is heated by solar radiation absorption, it emits, as
a function of its temperature, longwave radiation in the infrared region. The
infrared terrestrial radiation heats the troposphere, which in turn emits
radiation at the same rate as it absorbs. The radiation is reemitted in all
directions, and a substantial part of it is intercepted and again absorbed by
the surface. So the surface of the planet is heated, not only by direct
sunlight, but also by infrared atmospheric radiation.
In the troposphere most
of the infrared absorption is due to water vapour and also to carbon dioxide
and other trace gases.

The above process of radiation exchange (visible-infrared) is
responsible for the thermal balance of the biosphere (Neckel, 1977).
Biological effects of electromagnetic radiation at ground level
As mentioned earlier, ultraviolet radiation, visible light and
Infrared radiation constitute 99% of the total solar irradiance coming from
the sun and received at the Earth's surface. This spectral region is of the
utmost importance to life on Earth. From Figure 4 we can see that within the
part of the spectrum covered by irradiation from the sun there are two windows
where radiation reaches the lower atmosphere. On the shorter wavelength side
there is a window which has its lower boundary at 0.29 ym. Ultraviolet
radiation of wavelengths shorter than 0.29 ym does not reach the lower
atmosphere because it is absorbed in the stratospheric ozone layer. On the
longer wavelength side this window has its boundary at 1.4 ym because most
longwave radiation from the Earth, with waves of between 1.4 and 8 ym, are
absorbed by tropospheric water vapour. Hence only energy from solar
irradiance with wavelengths of between 0.29 ym and 1.4ym is available for
living organisms on Earth and is being used in their adaptation to the
physical environment.
Energy is used not only for plant growth, through the photosyntetic
mechanism, but also directly in various metabolic processes, as for instance
in the synthesis of vitamin D in the skin of humans or in photoperiodism of
animals or for phototaxis in plants. As occurs with other stimuli,
UV-radiation and visible light are capable, by overstimulation [either as a
function of time (overexposure) or by exposure to higher intensities (in the
mountains)] of generating in the organisms pathological responses from sunburn
(initially erythema) to skin cancer and hyperkeratoses. Table 3 lists some of
the main biological effects of near UV-radiation, visible light and infrared
radiation.

Altitude in km
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TABLE

3’,

Biological effects of uv-radiation, visible
light and infrared radiation at the ground.

Effect

I.

II.

Action Spectrum

Reference

Normal Responses
Photosynthesis

0.400 - 0.700 ym
0.380 - 0.710 pm

Monteith, 1969
looming and Niilisk,
1967 , Zalenski, 1977

Vertebrate vision

0.360 - 0.760 pm

Pirenne, 1967

Animal photoperiodism

all visible spectrum

Wolfson, 1964

Phototaxis in microor
ganisms

0.400 - 0.500 pm

Clayton, 1964

Vitamin-D synthesis

0.290 - 0.360 pm

Loomis, 1967

Pathological Responses
Sunburn (erythema and
tanning)

Solar dermatosis

0.280pm; 0.340-0.350pm Geese, 1964
unknown

Mitchell, 1967 '

Solar urticaria

0.250 - 0.330 pm

Sams, 1969

Light - dermatoses
(photodermatiti s)

(uv) unknown

Mayer, 1970 (quoted
by Schmeiger, 1974)

Skin cancer

(uv) unknown

Blum, 1959

Ricketts

uv-depletion by
photochemical
smog

Loomis, 1970; Cal oca,
Galindo and Frenk, 1973.

Retinophathy

Visible and in- frared spectra

Pterygium

Van Senus, 1970
(quoted in F. Hollwich,
1974)

unknown,
suggested: UV-spectrum
Kerkenizov, 1956
infrared spec- Diponegoro and
trum
Howver, 1965
(quoted in Cameron,
1965).
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A second spectral window is found in the infrared portion of the
spectrum between 8-13 pm. This window is extremely important as it allows
the thermal emission from the Earth's surface to reach the atmosphere so that
a heat balance between shortwave and longwave radiation is established in the
lower atmosphere.
In other words, the energy exchange between living
organisms and the natural environment is determined by the balance of energy
between the two spectral windows (Gates, 1963).

Between the wavelengths of 1 cm to 100 m there is a third window, the
so-called "radio window". Through the latter, electromagnetic waves from the
sun and outer space may reach the Earth's surface, causing the typical radio
noise (Jansky noise), the greatest intensity of which is found between the
wavelengths of 10 cm and 20 m.
Intensity variations by a factor 106 are not
infrequent during solar flares (Reiter, 1974).
The interaction of longwave radiation with molecules produces punctual
heat by molecular agitation. There have been suggestions of damage to humans
produced by exposure to radio waves.
It is generally agreed that dielectric
heating may cause damage to the body at power densities above 10 mW/cm^ of
exposed area. However, there is great controversy about possible biological
effects of weaker power densities. Thus, the national standards for radio-’
wave exposure reflect this uncertainty; in the USSR and Eastern European
nations the standard is 0.01 mW/cm2 for people who work with radio, the U.S.
occupational standard is 10 mW/cm2 (Leggett, 1978).

The Bureau of Radiological Health (HEW) and the Environmental
Protection Agency (EPA) have made surveys in several cities of the United
States (EPA, 1977). These reports indicate that for 99 percent of the urban
population, the total exposure to radio signals from most frequencies is less
than 0.001 mW/cm2. This is low compared with the U.S. occupational standard
of 10 mW/cm2.

Atmospheric Electricity

Electric fields, currents and conductivity, as well as positive and
negative Ions of greatly varying size, constitute the principal electrical
properties of the atmosphere in fair weather. Air mass motions, pressure
systems, winds, turbulence, temperature and water vapour distributions have an
important influence on the electrical properties of the troposphere through
their control over the distributions of charged and uncharged aerosols and
radioactive particles of terrestrial origin. These influences are greatest in
the atmospheric boundary (exchange) layer.
In the altitude region 30 to 70 km
above the Earth's surface, atmospheric electricity studies and ionospheric
physics merge (Mason, 1971).
In this review only two aspects of atmospheric electricity:
Atmospheric ions and atmospheric electromagnetic pulses "sferics" will be
considered.

Atmospheric ions
Atmospheric ions are divided into four main groups according to their
size and mobilities: small positive and negative ions and large positive and
negative ions (which are also referred to as charged nuclei). Table 4 gives
the range of mobilities and radii.
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TABLE 4: Mobility and size range of atmospheric ions
(after R.C. Sagalyn, 1965)

Ions

Small
Average large
Langevin
Ultra large

Mobility
(Cm2 s-1 V1)

Radius
(cm)

IO-2 to 2 x IO-2
10~3 to 10“2
2.5 x 10“4 tc> IO-3
< 2.5 x IO-4

6.6 x IO-8 to 7.8 x 10“7
7.8 x IO-7 to 2.5 x IO-6
2-5 x IO-8 to 5.7 x 10-6
> 5..7 x IO-6

All corpuscular and electromagnetic radiations in the atmosphere may
generate small ions. Adequate mechanisms exist to keep a balance between the
ion generation through ionization processes and the disappearance of small
ions due to recombination or attachment by charged or uncharged particles.
While ions have their principal effect on electrical atmospheric currents, the
above-mentioned radiation sources are responsible for the ionization of ions.
This process is both altitude- and geographical latitude-dependent. Another
source of ionization is the emission of corpuscular and electromagnetic
radiation from the ground. The latter is a function of time and altitude
since it is controlled by the vertical air mass exchange (Reiter, 1974). The
present author has for several years measured small ion concentrations between
700 m and 3,000 m a.s.l.
While air ions and electroaerosol therapy are accepted in some
countries, e.g. the USSR, and parts of Western Europe, they are neglected in
the United States and most of the Latin American countries (Wehner, 1966).
There is however, a growing number of reports which aim at demonstrating that
air ions are capable of eliciting a wide variety of physiological responses
(Krueger, 1974).

Electromagnetic pulses in the atmosphere, "Sferics"
During the generation process of thunderstorms, electric fields are
produced at the Earth's surface, which are due to a sudden change in the
electric structure within the cloud, which produces lightning discharges. A
major portion of the energy radiated in a lightning flash is at frequencies of
below 100 Hz; hence, most studies of the relationship of lightning radiation
to atmospheric ("Sferics") are concerned with the extreme low-frequency
sferics (ELF) in the range from 10 Hz to 30 Hz and very low-frequency (ULF).
In the vicinity of 20 Hz, the electric field changes shift from a result of
worldwide lightning activity to a largely electrostatic variability associated
with the movement of atmospheric space charge. It appears that the magnetic
field changes, which occur at frequencies above 20 Hz, are also largely
associated with distant lightning activity.
At lower frequencies the main
effects are due to ionospheric and Earth currents.
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Records of sferic pulses on wide frequency bands, between 10 Hz and
100 Hz, show a relationship to cyclonic conditions (due to an increase in
atmospheric turbulence), e.g. cold air influx above the heated continent in
summer, or above relatively warm oceans in the early winter, trigger a strong
increase in sferics pulse abundance. On the contrary, anticyclonic situations
lead to a minimum of pulse abundance (Reiter, 1974).]
Sound and its effect on human health
Sound is a physical phenomenon which consists of mechanical vibrations
of material points. One speaks of sound for periodic vibrations and noise for
aperiodic vibrations. The range of frequencies which the human ears perceive
is from 16 to 20,000 Hz. Lower frequencies, such as 16 Hz, correspond to the
subsound region, while those higher than 20,000 Hz correspond to ultrasound.
As occurs in the atmosphere, sound propogation in fluids (gases, liquids) is
through longitudinal waves which are temperature-dependent.

In recent years, important research has been conducted on the
interrelations between sound and human health. The interest in this topic is
due to the large increase in environmental noise sources. The main sources
are vehicular noise such as from cars, trucks, trains, airplanes and
industrial noise.

Although physics provides a clear definition of sound, in audiology
any sound which may affect the performance of the hearing mechanism (loss of
hearing, interference with speech) is considered as noise. In psychology the
word noise is used to indicate intense and/or undesirable sounds.
In this
context the distinction between sound and noise is purely subjective and
depends on the reaction of the subject to a given sound under certain
circumstances (Hammelburg, 1974).
The influence of sound waves on man can be categorized as follows:

1.
2.
3.

Effects of sound waves upon the auditory system;
Effects of sound waves upon non-auditory systems;
Psychological effects of sound waves.

The above effects are presented in more detail in Table 5.

Man uses ultrasound in medicine for the detection of many entities.
This technique is harmless but efficient.

2.3

Meteorological Elements, Weather and Climate

The physical state of the atmosphere at a particular moment or over a
time interval, is characterized by a combination of meteorological elements
and atmospheric phenomena (fog, storms, snow, etc.) which is called weather.
It is possible to speak of the local weather at a certain place, or regional
weather over a certain area.
As the atmosphere is in constant motion, meteorological phenomena may
be considered over a wide range of space and time scales. The space scales of
these features are determined by the area or wavelength involved, while the
time scales are determined by the typical lifetime or period. Figure 5 is an
attempt to place various atmospheric phenomena (mainly associated with motion)
within a grid of their most common space and time limits. The features range
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TABLE

1.

2.

5.

Effects of sound waves on man*

Effects of sound upo n the auditory system
Temporal threshold shift

Short term effect, elevation of
hearing level reversible. Depends
on individual susceptibility.

Permanent threshold shift

Limits of noise exposure exceeded
recovery ceased after a particular
period of time after the exposure.

Persistent threshold shift

Threshold shift remains after at
least 40 hours.

Acoustic trauma

Sudden aural damage resulting
from a intense, short-term expo
sure, ex', after explosions.

Effects of sound upon the non-auditory systems

Sound waves (white noise) 90 dB

3.

Elicit vegetative reactions such
as changes in the peripheral
circulatory system and pupillary
dilatation.

Physiological effects of sound waves

Interference with sleep;
Interference with working performance:
Interference with any form of
communication based on sound

*

After Hanmelburg, E., 1974.
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from small scale turbulence (tiny swirling eddies with very short life spans)
up to jet streams (giant waves of wind encircling the whole Earth). The most
widely accepted scheme of spatial scales is as follows:
Micro-scale
Local-scale
Meso-scale
Macro-scale

10"2
102
104
105

to
to
to
to

103
5 x
2 x
108

m
104 m
105 m
m

The average weather conditions in a place or a region over long-term
is defined as the climate of that same place or region.
2.4

Man's adaptation to Meteorological Elements and Weather Phenomena

The regular changes produced in the human body are called "biological
rhythms", of which the daily and annual rhythms are synchronized with
meteorological and astronomical elements and factors. Visible light and
temperature play fundamental roles as chronological markers for the endogenous
clock.

Atmospheric changes are more of a problem than an exertion to man.
This is because his body is affected by them. However, aperiodic changes are
more liable to produce exertion to man due to the fact that they demand a
particular adaptation which is realized through a co-ordinated reaction of all
the physiological functions. The net result of this co-ordination is the
almost constant maintenance of the internal environment.
From various physiological considerations, it is clear that air
temperature is a very important meteorological element in human health and the
importance of other meteorological elements seems to depend on their
interrelationship with temperature. Water vapour pressure and relative
humidity affect heat content and air heat capacity. Wind acts as forced
convection, which is favourable to man when it is warm and unfavourable when
it is cold. Shortwave radiation and longwave radiation are the basic heat
sources. Atmospheric pressure plays an important role at high altitudes
mainly due to the decrease in oxygen partial pressure.
Human health may also be related to the general circulation of the
atmosphere, both at the meso- and the macro-scale. Meteorologists
characterize the circulation phenomena in the atmosphere mainly through
pressure and temperature of the air as well as the speed and direction of
wind. One speaks of high pressure systems (anticyclones), low pressure
systems (cyclones); fronts (warm or cold); specific wind systems which flow
with certain regularities, e.g. Fohn (in the Alps), Tornados (USA and south
America), etc. All the above systems occur in certain locations and exhibit
seasonality. The above statement is important for human health because it has
been observed that the incidence of several diseases is increased/diminished
on the occurrence of specific weather situations. Observations have also been
made that the onset of Infectious diseases has seasonalities: on the other
hand, weather and climate may influence the distribution and prevalence of
insect-borne diseases or act as vectors of human and animal diseases (see
Tromp, 1974).
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Although many medical reports indicate a certain causal value to a
given meteorological element with respect to a particular disease, there are
even more indications today that more complicated relationships exist between
medical entities and weather systems.

It appears as if bronchial asthma, an allergic disease studied
wordwide, shows the same seasonality everywhere regardless of the latitude,
and the most frequent occurrences of asthma in emergency rooms has always been
found to be associated with anticyclonic conditions after the passage of a
cold front.
It should be noted that one also finds many such reports which
have no scientific basis, either because proper epidemiological methods have
not been used or because of lack of adequate weather or climate information.

2.5

Air Pollution

In previous chapters we have reviewed how the complex system called
"the environment" interacts with man. We have tried to show that physical
factors and meteorological elements are interrelated with human health.
Another topic, the importance of which has increased enormously in recent
years, is air pollution. The changes which man has inadvertently made to the
composition of the atmosphere are of such a magnitude that they must be taken
into account in any equation describing the global "balance of nature"
(Kellogg, 1978).
In fact we must now accept urban and non urban polluted
scenarios as "normal environments" in many regions of the world.

Air Pollution and Atmospheric Processes

Polluted air parcels can travel long distances from their release
sources, e.g. the motions of polluted air parcels are involved with the space
and time scales of atmospheric processes (see Figure 5). There is therefore a
great deal of concern about the possible effects of human pollution activities
on global climate (SCEP, 1970; SMIC, 1971; Kellogg, 1977; Gribbin, 1980). The
main pollutants involved in possible changes of global climate are gases
having a greenhouse effect such as CO2, chlorofluoromethanes, NOX and
O3, as well as aerosols (sulphates and hydrocarbons) and krypton-85 (from
nuclear power generation).
In particular it is proposed that a continued
increase in the emittance of greenhouse gases from human activities would lead
to a warming of the Earth and a consequent change of the regional climate
worldwide (see for instance, Kellogg, 1977).

It is an accepted fact that changes of local climate have occurred in
large cities and industrialized areas. There are already sizeable areas, of
10^ to 10^ km2 or greater, where the heat released by human activities
is more than 10 percent of the amount of solar radiation absorbed at the
surface (SMIC, 1971), and urban heat islands can have temperatures at night
and in winter that are several degrees warmer than the surrounding
countryside.
For example, in several Mexican cities, heat island intensities
of between 3 and 4°C have been reported (Hâuregui, 1986). In cities in India,
with a similar climate, heat islands 5 to 7°C warmer than the surroundings
have been measured (Bahl and Padmanabhamurthy, 1979). Heat released by human
activities in urban areas is partially compensated by a diminishing of direct
solar radiation through pollution, which may be in the order of 10 to 15%
(Galindo, 1977).
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Pollutants in the atmosphere interact with the normal constituents of
the troposphere and middle-atmosphere. These interactions might be chemical,
photochemical or combinations of both processes. There is also particle to
gas conversion. Natural and man-made particles also intervene in cloud and
precipitation formation (Pruppacher, 1973).
Air Pollution and Human Health

During the last two decades, the World Health Organization (WHO) has
devoted considerable attention within several of its programmes to evaluation
of health hazards from chemical and other environmental agents.
Thus, air
quality in urban areas has high priority.
In addition, several governments in
industrialized countries have defined permissible standards for concentration
of principal pollutants released into the atmosphere. Unfortunately, such
regulations are not always applied in developing countries. Most of the
reports published are prepared by epidemiologists from developed countries.
It is urgent and important to take international action to improve air quality
and to promote relevant research also in developing countries and in
particular in many tropical cities.

Existing epidemiological reports describe the possible adverse health
effects produced by the main urban pollutants, such as SO2, particles, CO,
NOx and hydrocarbons (fuels). Most of these chemicals may, under special
conditions, produce injuries to the respiratory system and to other organs and
systems (McGrath and Barnes, 1982).

3.

ILLUSTRATION OF SOME CLIMATE AND POLLUTION-RELATED DISEASES

This chapter summarizes some results of climate and health research
carried out in a large polluted city located in the semi-tropical region.

3.1

Pterygium

Pterygium is a human eye disease.
From histological studies pterygium
is described as being inflammatory in nature (Raiyada, Goswani and Bhatnajar,
1968).
Its etiology is unknown, but due to the fact that its incidence is
localized in the latitudinal belt of ± 0-30°, some authors attribute the
role of conjunctival irritants to a combination of solar radiation and natural
dust. Therefore, a two-year epidemiological study (Galindo, 1969) was
undertaken in two communities in Mexico, namely in Mexico City (19°20'N) and
in a rural semi-desertic area (Orizabita, 19°50'N). Daily records of
Incidence of the disease and meteorological records, including solar
radiation, were used. Figures 6 and 7 show the prevalence rate of pterygium
and atmospheric turbidity, one finds a relatively good correlation between
both parameters which confirms that solar radiation and dust might play a role
in the development of the disease.
3.2

Rickets

Loomis (1970) considered the possibility that children, growing up in
cities having severe air pollution problems, might develop rickets due to
diminished incoming UV-radiation, as such a lack could lead to an impaired
biosynthesis of vitamin D in the children's skin. This disease was unknown in
Mexico as late as in 1927 (Torroella, 1927). A prospective study was made
using epidemiological data from a large children's hospital in Mexico City
during the period 1960-1970, together with solar radiation measurements
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performed during the same period.
The spectral atmospheric turbiditycoefficient was determined and it was estimated that the incoming UV-radiation
had been reduced by three percent from 1960 to 1970. These findings might
explain the reason why rickets had been found to have increased in Mexico
during the same period (Caloca, Galindo and Frenk, 1973). The results are
shown in Figure 8. This research has now been updated by using alcaline
phosphate as the indicator for rickets (Frenk and Galindo, 1986).

3.3

Bronchial asthma

Recent studies on atmospheric turbidity in Mexico City show an upward
trend besides peaks of accidental episodes (see Figure 9). Concomitantly, we
have estimated from measurements of the main contaminants (suspended
particles, SO2, CO, fuels, NOX) the most likely trends of these pollutants
during the next few years at the 95 percent confidence limit (Galindo, 1984).
For brevity we show in Figure 10 only those expectancies for suspended
particles.

In the light of these findings we decided to make a study of bronchial
asthma with patients of the Institute Nacional de Enfermedades Respiratorias
(INER) for 1985. We found that asthma incidence in emergency rooms of the INER showed a maximum at the end of August and remained at a high incidence
level up to November (Figure 11). This seasonality corresponds closely to the
one reported in Holland but is different from those reported in New York or
New Orleans (Goldstein, 1984). We also found that asthma attacks increase
during anticyclonic conditions after the passage of cold fronts (Galindo et
al., 1986).
4.

CONCLUSIONS

Although the complex interactions between the human body and man's
natural environment are not yet fully understood, there are clear indications
that direct or indirect effects of weather and climate on the development of
many diseases exist.

As man's activities are increasingly changing his environment in all
its spatial and temporal scales, man will have to adapt to these new
circumstances. However, undoubtedly many problems of a social and economic
nature will be connected with such changes and adaptation.
Strategies for the adaptation of man to new environmental
circumstances have to be developed.
In particular there is a need for better
epidemiological records and for specific meteorological information useful in
medical studies.

Special attention should be paid to climate-related health aspects in
the mégalopoles of developing countries which are located in tropical and
sub-tropical climate zones.
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Mexico City. Annual variation of atmospheric turbidity (1967-1980).
after Galindo, 1984.
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Introduction

I would like to begin my discussion of climate and health by
defining these terms.
The World Health Organization defines health as a
state of physical, psychological, and social well-being.
Obviously the
absence of any of these defines a state of disease.
Climate, my
dictionary informs me, denotes the meteorological conditions, including
temperature, precipitation, and wind, that characteristically prevail in a
particular region.
It is a commonplace and ancient observation that the
prevalence of many diseases varies with climate and in fact with geography
generally.

In the Hippocratic work on Airs, Water, and Places, the author
states

"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).
The winds,
the hot and the cold, especially such as are common to all
countries, and then such as are peculiar to each locality.
We must
also consider the qualities of the waters, for as they differ from
one another in taste and weight, so also do they differ much in
their qualities.
In the same manner, when one comes into a city to
which he is a stranger, he ought to consider its situation, how it
lies as to the winds and the rising of the sun; for its influence is
not the same whether it lies to the north or the south, to the
rising or to the setting sun.
These things one ought to consider
most attentively and concerning the waters which the inhabitants
use, whether they be marshy and soft, or hard, and running from
elevated and rocky situations and then if saltish and unfit for
cooking; and the ground, whether it be naked and deficient in water,
or wooded and well watered, and whether it lies in a hollow,
confined situation, or is elevated and cold; and the mode in which
the inhabitants live, and what are their pursuits, whether they are
fond of drinking and eating to excess, and given to indolence, or
are fond of exercise and labor and not given to excess in eating and
drinking."
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 color, the area was considered unhealthy.
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Methodology for the Study of Climate and Human Health

The main point of my talk is to impress on you the necessity of
using epidemiological approaches in investigating the relation between
climate and health:
to ascertain, first, the causes of diseases, and,
second, to devise methods of prevention and treatment.
To bring this out,
I would like to review first some examples of successful epidemiological
approaches to these problems, and then describe some as yet unanswered
questions.

Epidemiology is the study of the distribution and determinants of
diseases and injuries in populations.
Note that the term is no longer
limited to epidemics of infectious diseases.
The methods and approaches
of epidemiology are as useful when applied to such non-infectious
conditions as cancer, automobile accidents, and drug addiction as to
smallpox and malaria.
Epidemiology does not find causes solely by looking for associations
between diseases and external or environmental factors.
It requires a
certain amount of insight and imagination to choose which external factors
make biological sense, then to find populations whose exposure to these
factors differ, but are alike in other relevant respects.
One is advised
to study some of the classical epidemiologic studies—Snow on cholera
(1936), Goldberger on pellagra (1964)—to appreciate the interaction
between good hypotheses and good experiments that characterize
epidemiology at its best.
I would like to begin by stressing the distinction between the
observation of an association between climate and disease, and the
demonstration of a causal relationship.
There are many reasons why there can be an association between a
particular climate and a disease.
Sometimes the disease can really be a
direct effect of climate, as with sunstroke or frost bite.
A more subtle
but especially direct example is shown by the map of skin cancer
prevalence, showing that it is greater in areas of greater exposure to
intense sunlight and particularly ultra-violet radiation.
The development
of cataracts is also attributed to exposure to ultra-violet radiation.
Cataract is one of the leading causes of blindness and it occurs all over
the world.
While some cataracts are associated with trauma, metabolic
disorders and other identifiable causes the majority—approximately
85%—are not:
the rate of such cataracts increases rapidly with age, and
are called "senile" cataracts (Dawson and Schwab, 1981).

There is good evidence that radiation, particularly but not
exclusively high energy radiation (ultra-violet light being the most
common source of such exposure in humans) can cause cataracts (Dawson and
Schwab, 1981).
A plausible mechanism through the formation of oxidizing
agents within the eye by ultra-violet radiation has been proposed (Pirie,
1972).
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Evidence that cataract prevalence is greater where there is more
exposure to ultra-violet light has come from studies of the dependence of
prevalence on altitude (the Andes (Goldsmith, et al.,1980), New Guinea
Vines, 1967), Tibet (Seung, 1979)), daily hours of sunlight (U.S.), or
closeness to the equator (Australian Aborigines (Taylor, 1980)).
However,
a contradictory observation was made by Chatterjee, who showed more
cataract in the plains of Punjab than in the Himalayas (Chatterjee, 1968,
Chatterjee, 1973).
This work has been cited as evidence against the
ultra-violet hypothesis, but a careful examination of the topography of
the mountain regions of Nepal showed that the regions of medium high
altitudes had topographies characterized by shielding by surrounding
mountains, that led to fewer hours per day of exposure to sunlight than in
the plains (Brilliant, et al., 1983).
The diminished prevalence of
cataract in the regions of high elevation confirms rather than refutes the
ultra violet hypothesis.

But different climatic regions differ not only in purely
meterological factors, but in unlimited other ways as well.
For example
they tend to have different fauna and flora.
The climatic factors that
favor the anopheles and Aedes aegypti mosquito favor as well the
prevalence of malaria and yellow fever respectively.
Denis Burkitt
(Burkitt, 1983) made the extraordinary discovery that a lymphoma of the
jaw common in Central African children was found only in certain specific
climatic zones:
those where rainfall exceeded 50 centimeters per year and
the temperature was regularly above 15° C.
Further investigation
identified these zones as those where both the anopheles and Aedes aegypti
mosquito are common, and consequently regions of frequent malarial and
yellow fever infection.
But the mosquito does not spread the virus
causing the lymphoma as well.
Frequent malarial infection damages the
immune system, and the Epstein-Barr virus, which causes only the less
serious mononucleosis in people with normal immune systems, produces the
lymphoma in children who have suffered frequent malarial infections.
It
is interesting that Burkitt's lymphoma has been seen in victims of AIDS in
Western countries where no malaria occurs.
Interaction between Climate,. Cultural Factors and Human Health

Sometimes the reason for different patterns of disease in different
geographic areas has a cultural rather than a natural explanation.
John
Snow, in his classic epidemiological demonstration that cholera is spread
through the evacuations of its victims, often through the water supply,
had observed that cholera in England was a summer disease only, while in
Scotland epidemics once begun spread in any season of the year.
He noted
that in England in winter people drank tea made from boiled water; it was
only in summer that unboiled water was drunk, while in Scotland people
drank unboiled water with their whiskey in any season of the year.

Sometimes social and climatic factors interacts grains stored in
humid environments are susceptibe to the growth of molds and fungi that
contain aflatoxin, a liver carcinogen.
Liver cancer is common in
tropical, humid environments.
Now that we have been alerted to the complex and subtle ways climate
can be associated with diseases, let us look at a number of as yet
unsolved problems.
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Here we do not need to look at extremes of climate but even
variations of disease rates between seasons are often unexplained.
Why
are the common cold and many of the more serious influenzas primarily
winter diseases in temperate climates? Why is enteric fever a summer
disease? Are these related to different patterns of social activities in
the two seasons, or to some influence of temperature on the life cycle of
the infective agent or a vector? Babies born in winter suffer a higher
rate of mental retardation than those born in other seasons.
It has been
hypothesized that seasonal variations in the food supply lead to greater
malnutrition in pregnant women during the summer, before the harvest, and
that this period is a critical time for the fetus that will be born in the
subsequent winter, but this has yet to be confirmed by controlled
expérimentât ion.
Multiple sclerosis, a disease of young adults, is highly correlated
with latitude.
It is almost unknown in equatorial regions, and its
incidence increases with distance from the equator.
No plausible
hypothesis has yet been proposed to account for this.
Weather and Asthma

I would like to discuss some of my own studies on the epidemiology
of asthma, as an example of a condition in which climatic factors play a
role, but the precise mechanism is as yet unknown.
Asthma is a disease
whose prevalence varies with age, sex, race and geographic location around

the world.
There is evidence that the condition is genetically determined
yet there is also strong evidence that environmental factors determine the
severity of the disease and the frequency with which the symptoms occur.
Asthmatic attacks and associated symptoms world-wide have a distinct
seasonal distribution—a greater preponderance of symptoms in the fall
season and a smaller peak in the spring season.
These seasonal peaks in
asthma have been explained in some locations around the world but not in
others, by the seasonal presence of certain pollens that cause allergic
reactions in sensitive individuals.
This relationship serves as a basis
for treatment with allergy shots—to desensitize individuals to such
allergens as alternatia and ragweed.
New York City - Asthma, Weather and Air Pollution

In New York City, where records of ambient pollen concentrations
have been kept for decades, it has been shown that all outdoor pollens
have virtually disappeared from the ambient air a few weeks before the
beginning of the asthma season which usually begins in October and reaches
a peak late in November (Wodehouse, 1965).
The practice of desensitizing
asthmatic patients to these outdoor antigens has been controversial for a
number of years, and its efficacy, particularly in the New York area, is
now seriously in doubt.
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In addition to trying to explain this fall peak in asthma, we have
in New York City a very large inner-city population composed mainly of
Black and Hispanic lower socio-economic populations.
The prevalence of
asthma in this population is approximately 4 times that reported for the
rest of the Northeastern United States (Brunswick, 1980).
The reason for
their high rate of asthma and its particular seasonal distribution is
unknown and has been the subject of our own investigation for the past 15
years.
We have demonstrated in a series of epidemiologic studies that
outdoor ambient levels of air pollutants in the New York City area are not
likely to be the cause of asthma in this inner-city population (Goldstein
and Cuzick, 1983, Goldstein and Dulberg, 1981).
We have also shown that asthma symptoms and attacks in this
community occur much more frequently on days that subjects spend more time
indoors in their homes, namely on weekends and holidays (Goldstein and
Currie, 1984).
This led us to set up intensive indoor monitoring of a
series of air pollutants and biological contaminants that are likely to
cause asthmatic attacks, including nitrogen dioxide, respirable
particulates and aeroallergens associated with the presence in the home of
such organisms as house-dust mites, cockroaches, mice, rats, cats, and
alternaria (Goldstein, 1986).
Unusually high levels of NO2 and
aeroallergens have been found in these homes (Goldstein, et al., 1986,
Goldstein, 1986, Andrews and Goldstein, 1986).
The explanation for this
high concentration of indoor contaminants provides an interesting example
of how socio-economic and climatic factors can interact.
The study
population is composed mainly of recent immigrants from the southern
United States, Puerto Rico, and the Dominican Republic.
They are used to
a humid and warm environment which is often not present in New York City.
In the cold autumn and winter seasons these subjects often use humidifiers
and produce additional indoor heat and humidity by turning on the gas oven
and stove and placing pots of water on them to humidify the air.
These
conditions provide good breeding grounds for various aeroallergens, molds
and fungi that have been demonstrated to trigger asthma attacks as well as
increasing nitrogen dioxide concentrâtions due to gas combustion.
We are currently involved in epidemiologic studies that are designed
to relate the contribution of the above indoor environmental factors as
well as the indoor and outdoor climatic factors to asthma in this
population (Goldstein and Andrews, 1986).
Time unfortunately does not
permit me to describe these; I will be glad, however, to send results from
our studies to those of you who are interested.

Indoor air quality has recently become a major focus of interest for
various United States agencies interested in health effects of
environmental factors.
These include the Consumer Products Safety
Commission, U.S. Environmental Protection Agency, the National Institute
of Environmental Health, and the Department of Energy.
The effort to
conserve energy which resulted in the tightening and reduction in air
exchange of dwellings in turn concentrated environmental contaminants
whose source is indoors.
Examples of these are the rise of indoor levels
of nitrogen dioxide emitted from gas cooking stoves and kerosene heaters
or respirable particulates emitted from wood burning stoves.
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Climate and Indoor Air Pollution

The Environmental Protection Agency has also carried out an
extensive monitoring program to detect indoor and outdoor exposure to many
volatile organic compounds such as benzene.
The results of this study
demonstrated that human exposure to those compounds is often orders of
magnitude greater in the indoor environment than outdoors (Wallace,
1985).
Such exposures obviously will vary with many factors; a major
factor however, is climate and weather in so far as these determine the
extent of air exchange between dwellings and the outside.
U.S, Data Bases for Epidemiologic Studies

So far I have tried to highlight with a few examples the need to
employ epidemiologic methods in the investigations of the relationship
between climate and health.
These methods will help us to understand the
mechanisms that occur in the disease process that is either brought on or
exacerbated by climatic factors.
It is a widely recognised fact that
epidemiologic studies are both very time consuming and expensive.
The
extensive data bases that are needed for their conduct are the major
factors that contribute to the expense, time, and manpower requirements of
such studies.
In view of these cost considerations, it would be prudent to explore
and examine existing health and other data bases that might be suitable',
possibly with some modification, for use in epidemiologic studies.
There are many current longitudinal studies being carried out in the
United States on cohorts assembled to answer questions about health not
directly related to climate specifically: well-known examples are the
Framingham, Massachusetts and Tecumseh, Michigan studies; other studies of
respiratory health have been conducted in Tucson, Arizona; Boston,
Massachusetts ; and Baltimore, Maryland.
Data from these studies can be
and in some cases already have been used to investigate the influence of
related meteorological factors on respiratory diseases.

The need therefore, is to be able to supplement the data available
from various health studies with data on climate.
Fortunately the United
States is a large country containing a number of quite distinct climatic
zones from sub-tropical to sub-arctic conditions, and extensive climatic
data is available.
The National Oceanic and Atmospheric Administration has excellent
sets of data from an extensive network of meteorological stations
available on computer tapes and in files, and in my experience has not
only been very prompt in providing such data to potential users, but also
provides extensive assistance in the interpretation and proper use of
their data sets.
Other sources of health data that can be combined with climatic data
are those that document the health status of very large populations and
which are assembled and updated every year by different branches of the
national government and by local government agencies such as states and
municipalities.
Every year since the early 1970's, the United States
National Center for Health Statistics (NCHS) has randomly surveyed about
40,000 households which included about 120,000 individuals, in all parts
of the United States.
Data collected in this Health Interview Survey
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Program (HIS) include demographic and socio-economic Information, as well
as occurrence of acute illnesses and the prevalence of chronic disease,
and is available on request from the NCHS.
The NCHS also conducts a survey called N-HANES (the acronym of
National Health and Nutrition Examination Survey).
This survey includes
data from examinations by physicians, and results of medical tests such as
pulmonary function, blood lead content, carboxyhemoglobin concentration,
and blood and urinary concentrations of various toxic substances in
addition to the large amount of information on various socio-economic and
demographic variables.
The design of these data collection strategies is
revised and updated continuously in response to the needs of users.
To my
knowledge however,there has not yet been a specific input on climatic
factors that might be relevant to health.

Many improvements in methodology have occurred in the past
decade in the field of epidemiology. Advances in biostatistical
techniques and/or epidemiologic design enable us to evaluate more
accurately the contribution of multiple factors, environmental or other,
to disease causation.
These methodologies have also improved our
abilities to assess the contribution of confounding variables to the
association between environmental exposures and disease and separate out
their effect from that of true causal variables.
Whereas these new
methodologies are widely being utilized in epidemiologic research
throughout the world, they have not as yet been applied in the area of
climate and health.
Extensive data on many climatic and weather factors
are continuously being collected around the world, many of these factors
are undoubtedly related to specific disease outcomes in human
populations. Research in the area of climate and health is scant and
often does not take full advantage of scientific advances in the fields
of epidemiology and/or biostatistics that have taken place in the past
decade or two thus leaving gaps in credibility.
Such gaps in our
understanding, and data bases in environmental epidemiology, when
filled, are likely to make major contributions to our understanding of
the role of environmental factors in the welfare of the human race.
In
addition, they are likely to contribute greatly to future design of
urban and rural living environment both in the developed and developing
world.
To summarize: data bases currently are available for the study of
the interaction of climate and health, but have as yet not been exploited
for that purpose.
It is to be hoped that studies will be initiated to
provide guidance for the establishment of more extensive and comprehensive
data bases not only in the United States but in other countries as well.
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BIOCLIMMOLOGICAL ASPECTS OF OTJLATM HEALTH: METEOROTROPIC DISEASES
N.R. Deryapa
Institute of Clinical and Experimental Medicine
Siberian Department of the Acad. Med. Sci.
USSR

Introduction

In spite of the achievements of modern technology, the health of the
human population is still influenced to a great extent by climatic and
geographic conditions. This is particularly true in very specific geographic
areas (Arctic and Antarctic, high mountains, tropics and deserts). The
important role of natural factors in health is emphasized in many publications
on medical geography and the ecology of man. According to Maximova et al.
(1976), publications on bioclimatology and medical geography in the USSR
during the period 1964-1973 increased from 18 to 47% of the bulk of natural
science publications (see Fig. 1).
This paper deals with the terminology and classification of
meteorotropic diseases. According to Assmann (1966), diseases associated with
meteorological or cosmic processes are usually referred to as meteorotropic.
Meteotropism is evidenced by a sudden increase of morbidity.
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The same point of view is shared by Faust (1978), who divides the
meteorotropic diseases into four groups:
1)
2)
3)
4)

diseases caused by thermal stress (two subgroups);
those caused by ultraviolet irradiation;
infectious diseases;
diseases occurring annually ("seasonal diseases").

We propose the following classification to be applied in this paper:
1)
2)

3)

regional meteorotropic diseases;
meteorotropic reactions as exacerbations or risk factors in
pathological processes in heliometeo-susceptible persons;
diseases caused by climatic and geographical contrasts in
connection with quick movements of people across longitudes and
latitudes.

There are two main reasons for using this classification:
(1)

regional peculiarities of climatic factors determine the
specificity of the manifestations of meteorotropic diseases and
reactions;

(2)

the occurrence of simultaneous migration of quite large groups
of people by airplane across time zones to contrasting
geographical regions for work or recreation reasons. A typical
example is the shift-expedition work regime (Matyukhin et al.,
1986).

Methodological aspects
According to the concept of adaptation worked out by the Siberian
Department of the Academy of Medical Sciences, there exists at the same time a
dialectic harmony and contradiction between health (physiological norm) and
disease, through a chain of intermediate adaptive states to stress in the
biological system. As the latter is forced to adapt itself under unfavourable
conditions, there are physiological and pathological variants of adaptation.
The thermodynamic, cybernetic, biological and physiological criteria of
adaptation have been elaborated (Kaznacheyev, 1980). Although one has to
distinguish, in principle, between health of an individual and health of a
population, derived from the modern concept of human ecology, there is no
contradiction between these two levels of health due to the biosocial essence
of man (Kaznacheyev, 1983).

The bioclimatic aspects of health of a human population reflect the
complexity of the inter-relationships existing in the "Sun-Climate-Man"
system. The heliociimatic factors always affect the human organism as a
complex and are mediated by man's living conditions. Attempts are continuing,
for instance, to define those electromagnetic and other similar factors which
exercise the strongest "biotropic" effects.

An important methodological basis for the study of human meteorotropic
diseases is the solar-terrestrial inter-relationships that exist within the
biosphere (Vernadsky, 1960) and is studied, for instance, in heliobiology
(Chizhevsky, 1976). This concept has become the scientific foundation of an
interregional programme in the USSR called "Sun-Climate-Man", which has
permitted the cooperation of Soviet scientists for studying solar-biospheric
relations (Kaznacheyev et al., 1977).
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In search of biotropic factors, some new scientific facts have
recently been found concerning the important role of the natural
electromagnetic fields of various freguencies upon the state of isolated
biological systems, for example on a fibroblast culture (Kaznacheyev,
Mikhailova, 1981, 1985).
The ecological approach to the problem of meteorotropic diseases is
also very promising, since it takes into account all factors of the natural
envi ronment•
Causes of diseases may be divided into 3 categories (Winer, 1979).
First, the immediate cause of a disturbance of the normal functioning of an
organism and the occurrence of a pathological process can be due to different
environmental factors, including climatic and geographic ones. Second, the
biotic component of the environment may contain an etiological agent, such as
pathogenic organisms, poisonous plants, insects or animals which are dangerous
to man. Third, the imput of the environment can be expressed through various
disturbances related to the food intake of man.
Of great importance in the field of human bioclimatology are the works
of those climatologists who have elaborated methods for investigating climate
for medical purposes (Rusanov, 1973). An example of a thorough elaboration of
a biociimatological classification related to man is the study by Buttner
(1965).

Regional meteotropic diseases

Polar zones
Avtsyn (1972) have specified the pathology caused by geophysical and
meteorological factors in the polar zones. In another comprehensive study,
Avtsyn et al. (1985) specified those forms of diseases in the pathogeneris of
which a great role is played by climatic and geographic factors in a given
region. The north may be regarded as an extreme zone in which effects of
cold, in its different variants (local and general consequences of cold),
cause typical diseases. Cold injuries occur locally in different professional
groups of people in the north, although this type of pathology is becoming
rare. This was evidenced through studies from various countries, presented at
the IV International Symposium on Circumpolar Medicine (Problems of
Circumpolar Medicine. Report of the European Regional Centre of WHO,
Novosibirsk, 1978).
Avtsyn et al. (1985) have presented a number of valuable clinical and
morphological facts concerning the peculiarities in the polar zones of
diseases of the respiratory, circulatory, nervous and other systems. The
authors proved the existence of an aggravating role of climatic and other
geographical factors in the development of such pathologies as "northern
pneumonia", "northern arterial hypertension of the minor circulation",
hypertension, arteriosclerosis, and diseases of the central and peripheral
nervous system, etc. In the north, both physiological and pathological
variants of adaptation also develop. The latter includes, for instance, a
pathology caused by considerable pathogenic effects of low temperature, oxygen
regime and other geographical factors. On the basis of their long-term
studies, the authors argue the need for the development of a new special
branch of medicine, the so-called "Medicine of the north". The term "polar
medicine" might, however, be more acceptable, since it would cover medical
aspects of life not only in the Arctic, but also in the Antarctic.
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Some valuable material on the health situation of the Yakutian
population is presented in the work by Yagya et al. (1984). The morbidity of
the native population and of newcomers has been analyzed in detail.
It was
found that of the total morbidity of the adult population (persons over 15),
24.3% was due to diseases of the nervous system and sense organs, 16.8% of the
respiratory organs, 12.8% of the circulatory system, 10.2% of the
osteomuscular system and connective tissue, 9.1% of the digestive organs, and
6.7% of the urogenital organs. The authors underline the unfavourable role of
the severe climatic conditions of Yakutia in the development of different
diseases. An unfavourable influence was noted especially in the course of
atherosclerosis, hypertension and myocardial infarction and is accounted for
by the frequent changes of meteoelements and the rapid transitions from one
season to another. Afanasyeva (1972) has come to similar conclusions on the
basis of long-term bioclimatological observations in Yakutia.

Important data on the processes of adaptation of the circulatory
systems in the native population and in newcomers have been obtained from the
Taimyr North (Turchinsky, 1980). An association between the development of
coronary heart disease and its complications (myocardial infarction) with the
type of adaptation has also been found. A high incidence of infarctions has
been observed after 20 years of living in the extreme north (50.4% against
3.9% in the second year). One can specify four phases of adaptive
rearrangement of the circulatory system: destabilization, stabilization,
transition period, exhaustion (see Fig. 2). Among the ecological factors
causing the clinical manifestations of coronary heart disease, an important,
though not the main, role is, no doubt, played by the extreme climatic factors
of the north.

Fig. 2

Phases of the adaptive rearrangment of the circulatory system as a
function of time spent in the polar region (Kaznacheyev, 1980)
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Among Soviet explorers in the Antarctic, a wide range of diseases has
been found. In all later expeditions, (from the 10th to the 15th expedition),
the most frequent disease was physical trauma. Frostbite was rare, which
depends upon the existence of good measures for protection against cold. The
second place was taken by diseases of the teeth and mouth, and the third by
skin and subcutaneous diseases (Deryapa et al., 1975).
Another important contribution to the climatopathology of man has been
made by Danishevsky (1955, 1968). He has elaborated the theory of
acclimatization, described regional peculiarities of diseases in northern
populations, and presented evidence regarding the role of climatic factors in
their development.
High mountain areas

A fundamental ecological characteristic of high mountains is climate
of which a main biotropic factor is the hypoxia caused by the progressive
decrease of the partial pressure of oxygen in the atmosphere with the increase
of altitude above sea level. The characteristics of adaptation and pathology
in populations of high mountains have been studied quite extensively. The
most recent scientific data are presented in a book "Biology of High Mountain
Inhabitants", edited by Baker (1981), where ten-year studies on "Human
Adaptation" within the framework of the International Biological Programme of
the International Council of Scientific Unions are reviewed.

The most typical meteorotropic disease in high mountains is the lung
oedema disease, which may occur after a rapid transfer from a low level to
high altitude.
Its main syndromes are caused by the difficulty of the
organism to adapt to the lack of oxygen. Native inhabitants of mountain areas
have genetically determined mechanisms of adaptation and can live for a long
time at high altitudes, as for example in the Andes, Caucasus, Tien-Shan,
etc. Thromboses, complications of lung and heart diseases, etc. are also
characteristic of high altitudes.
An important contribution to the study of meteorotropic diseases of
high mountains has been made by Soviet investigators ("Adaptation of Man to
High Altitudes", by several authors, 1980).
Some peculiarities in the
distribution of congenital valve defects, coronary heart disease, arterial
hypertension and other pathologies have been discovered among Tien-Shan
inhabitants (Mirrakhimov, 1981). For people living permanently at altitudes
of more than 3000 m, characteristic diseases are high-mountain pulmonary
hypertension and the development of "pulmonary right heart hypotrophy".

Clinical physiological studies, under high mountain conditions, have
also allowed us to establish the existence of some other particularities of
the pathology. Thus it has been found that with inhabitants of mountainous
regions of Kirghizia, atherosclerosis is relatively rare, and the incidence of
arterial hypertension is 2.0-2.5 times lower than normal (Aghajanian,
Mirrakhimov, 1970). This is confirmed by the data of autopsy studies (see
Table 1), which shows a considerably smaller frequency of atherosclerosis with
natives of the region than with Europeans.
Another characteristic of the high mountain regions is the existence
of a number of meteorotropic diseases. The main reason for their development
is hypoxic hypoxia. The physiology and pathology of man, including the
diseases of a clearly meteorotropic origin, are also influenced by other
properties of the mountain climate, such as abundant ultraviolet irradiation,
abundant illumination, steep circadian changes of temperature, and low
temperatures.
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Atherosclerosis in Europeans and Kirghizs
(autopsy data for 1940 - 1957 ( Tokar, 1959) )

Examination

Number of
cases
examined

Total number
and percentage
of
atherosclerosi si c
patients

Atherosclerosis as a disease
Basic

Accompanying
other diseases

Europeans
men

4004

1734 (42.4)

353 (8.6)

women

3216

1120 (34.8)

296 (9.2)

824 (25.6)

8 (1.1)

73 (10.3)

2 (0.5)

13 (3.6)

1381

(33.8)

Kirghizs

men
women

. 707

357

81

(11.4)

15 (4.2)

Table 1: Frequency of ateriosclerosis in Europeans and Kirghizs, by
autopsy data for 1940-1957 (Tokar, 1959)

Arid Zones
The climatic characteristics of these zones consist of the long
periods of high air temperatures, considerable seasonal changes of the
temperature regime, low air humidity, abundant insolation and various other ,
factors which influence greatly the organism of both the healthy and the sick

man.
Various aspects of man's adaptation in deserts have been studied
thoroughly (Adolf, 1952; Babayeva et al., 1970; Slonim et al., 1980). It is
particularly emphasized in the literature that in response to intense heat,
considerable adaptive changes take place in the organism, especially those
connected with temperature regulation, salt-water metabolism, haemodynamics

and the urinary system.
An example may be the seasonal changes of haemodynamics shown in
Table 2. It is seen that particularly in summer, with permanent inhabitants
of Tashkent, various changes of the haemodynamic and other variables occur.
The main diseases of the arid zones have been described by Umidova
(1949) and Kassirsky, Plotnikov et al. (1964). Among diseases of a
meteorotropic nature, one can mention heat shock or hyperpyrexia, heat
exhaustion caused by salt loss, sun burns, heart failure and heat stroke. In
the arid zone, the frequency of skin cancer is relatively frequent as a
consequence of long-term excessive UV-radiation.
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Periods

Indexes

'.Vinter

Summer

69 i 7.9

70 - 6.8

117 - 8.9

107 i 5.2

69 - 4.1

60 - 3.7

124 - 4.2

101 Î 5.1

Circulation rate, s

16.3 - 0.4

14.3 J 0.3

Qantity of circulating leech ml/kg.

49.1 i 1.2

53.1 i 1.4

erythrocytes ml/kg

30 - 2.7

29.9 i 1.8

ml/kg

79 - 2.4

83 i 2.1

He^art rate, beat per 1 min

Maximum arterial pressure mm.Hg
Minimum arteral pressure
Venous pressure

mra.h.st.

blood

Cardiac output /I/

due

3,70 i 0.28

3.72 - 0.3

actual

3.86 i 0.31

4.23 - 0.33

+ 1.6

in % to due

Systolic volume

Table 2:

mm.Hg

53.6 ± 4.2

+ 14
60 - 3.7

Seasonal changes of haemodynamics in inhabitants of Tashkent (Tulis, 1960)

65
Tropical zones

These are often referred to as the humid tropics, since their
characteristic feature is a combination of a hot climate with high humidity.
The high air temperature (27-30°C) is practically constant throughout the
year, and the very high absolute humidity and relative humidity (about 85-87%)
make the heat loss from the body difficult. Any muscular or nervous tension
involving an increase of heat production disturbs the heat balance of man.
In
the type of thermoregulatory changes due to overheating, many reactions in the
humid tropics are similar to those of the arid zones. However, particularly
characteristic of the tropics is the extremely high strain on the physical
thermoregulation.
The particularities of adaptation to tropical climates have been well
described in the literature ("Adaptation of Man to Tropical Conditions (Humid
Zone)", by several authors, 1980, et al.).

Many meteorotropic diseases characteristic of the tropical zones are
similar to those described earlier for deserts: heat faints, heat exhaustion
due to constant sodium deficit and heat shock. However, the development of
these pathologies turns out to be even more serious due to the considerable
disturbances of the physical temperature regulation when living and working in
the humid tropics.
Zones of marine climate

These zones are characterized by the climate of the seas in cold,
moderate and hot zones, without any clear boundaries.
In these zones, the
conditions for the development of physiological and pathological reactions to
concrete climatic factors are rather different from those earlier discussed.
According to data obtained in various investigations, the adaptation of man to
the conditions of marine climates may be of different types. They are
determined by the physical particularities of the climatic factors of
different latitudinal zones, together with the chemical properties of marine
air.
In the marine climate of high latitudes, the main role is played by the
cold and by long-term deprivation of light and ultraviolet radiation. At low
latitudes, it is instead the excessiveness of heat and ultraviolet radiation
which predominates. At temperate latitudes the adaptive reaction changes with
different seasons (Voronin, 1980).
The effect of the summer and winter monsoons in the coastal regions of
the Far East (Matynkhin, 1971) may be rather specific due to the cloudy
weather during the warm period of the year as the intensity of ultraviolet
radiation decreases, which may unfavourably affect the course of some diseases.
The variety of climatic conditions characteristic of the marine
climate zones does not allow specification of region-specific meteorotropic
diseases. This should be done very cautiously only for the zones with extreme
or subextreme climatic conditions (high and low latitudes, monsoon regions).
It is finally relevant to note that the relatively rapid movement by modern
ships across various zones of marine climate may contribute to the development
of meteorotropic reactions.
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Meteorotropic reactions

Data on meteorotropic reactions are available in many publications
(Berg, 1948; de Rudder, 1952; Tromp, 1963; Assmann, 1966; Andronova et al.,
1982; Faust, 1978, et al.).
It is known that in the process of human evolution and adaptation to
gradually changing geophysical and meteorological factors, the phenomenon of
magneto - and meteosensitivity (lability) developed. Therefore one should
differentiate between meteorotropic reactions in a sick and in a healthy man,
taking into account the adaptation reserve. In patients with chronic
pathologies, meteorotropic reactions can be considered as exacerbations of the
main process, since the deterioration of their condition and their clinical
symptoms are related to sharp changes of geophysical and meteorological
factors.
Characteristics of meteorotropic reactions are: sharp increase of
morbidity in a certain area during changes of weather and the geomagnetic
field, simultaneity or synchrony of these exacerbations in many patients,
similarity of the clinical picture of the exacerbation in analogous
nosological forms, their subsidence after passing of atmospheric fronts and
magnetic storms.
In some patients, the anticipation or retardation (with
respect to the time of heliometeorological disturbances) of the meteorotropic
reactions is observed.

A description of the clinic of meteorotropic reactions is beyond the
scope of this paper. It should be pointed out only that the clinic should
correspond to syndromes or symptoms of the respective pathologies. The ones
most studied are meteorotropic (meteopathic) reactions in circulatory,
respiratory or joint diseases.

The existing scepticism towards meteorotropic reactions is
contradicted by the modern scientific facts, which show a high susceptibility
of the human organism to changing geophysical and meteorological conditions.
As an example, we shall present some data on the relationship between the
physiological functions of healthy men and the geomagnetic field in the
northern regions of the European part of the USSR (see Table 3).
One can see in this Table a very close correlation between the
geomagnetic field and a series of physiological variables: excretion of
neutral 17-ketosteroids, skin temperature, vitamin Bi content etc. There
are also intermediate and weaker correlations. This permits us to choose some
physiological criteria for the study of meteorotropic reactions.

In view of the fact that the interactions in the system
"Sun-Climate-Man" are of weak-energy type, the mechanisms of meteorotropic
reactions are not yet sufficiently known. We can only point to some
hypotheses and conceptions. According to the concept of a "polar tension
syndrome", the primary links are the cell membranes where, under the influence
of helio-geomagnetic factors, the processes of lipid peroxydation are
primarily disturbed. Subsequently, through the neuroendocrine mechanisms of
regulation, various clinical syndromes may develop (Kaznacheyev, 1980); some
authors attribute importance to the primary disturbance of the brain cortex
function (Danishevsky, 1968) or to the reflectory mechanisms of the
respiratory tract under the action of wind (Mezernitsky, 1937). Of great
importance is the disturbance of the autonomous nervous system at the level of
the hypothalamus (Boksha, Bogutsky, 1980 et al.). Kaznacheyev (1983) has
proposed a concept of electromagnetic homeostasis, taking into account
external electromagnetic and other fields generated by the biological systems.
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Table 3.

Influence of the magnetic field of the_
magnetic field of the Earth (by the K~index)
on healthy people (Andronova, 1976)

Confidence limits general parameters
by the first threshold of a probabi

Physiological

index

lity of faultless processes equal 0.5

K-index

Atmosoheri c

pressure

Excretion of neutral 17-ketosteroids

0.912 ± 0.922

0.718 - 0.765

Vitamin B1

0.636 t 0.750

doubtfully

suspended temperature of
integument of skin

0.600 f 0.663

0.425 - 0.594

Circulation rate

0.598 t 0.670

0.434 i 0.580

Excretion of adrenalin

0.256 t 0.401

0.227 - 0.496

Minute blood volume

0.353 - 0.456

0.351 - 0.504

Pulse pressure

0.258 ± 0.356

0.128 ± 0.284

Concentration of hemoglobin

0.307 ± 0.517

0.207 i 0.316

Oxygen capacity

0.318 t 0.522

0.246 t 0.513

Blood sedimentation rate

0.327 - 0.463

0.175 i 0.251

Activity of cholinesterases

0.227 t 0.411

0.223 - 0.382

Pulse rate

0.242 i 0.346

0.045 - 0.384

Marl mum blood pressure

0.219 i 0.330

0.069 - 0.385

Minimum blood pressure

0.168 - 0.166

0.020 - 0.255

Systolic metabolism of blood

0.159 - 0.292

0.175 - 0.418

Middle dynamic pressure

0.145 - 0.339

0.289 - 0.466

Peripheral vascular resistance of vesselO.169 - 0.304

0.201 - 0.426

0.113 * 0.452

0.418 - 0.593

.lean

blood

Throrabonins

Coagulation of blood

0.040 - 0.274 0.353 - 0.501

Vitamin C

0.039 - 0.481 0.045 - 0.475

Vitamin B2

0.150 i 0.476 0.090 - 0.505

Erythrocytes

doubtfully

Leukocytes

doubtfully

doubtfully
0.235 -.0.545
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Diseases caused by climatic-geographical contrasts
This type of meteorotropic disease was drawn to the attention of
researchers in connection with the development of aviation, which has
permitted great numbers of people to move rapidly across geographical zones
which have climates contrasting to those of their permanent habitation
regions. If the movements are performed in a west-east or an east-west
direction, a rapid change of time zones takes place resulting in development
of desynchronoses. These reactions or diseases are most typical for people
engaging in expedition-shift work (Matyukhin et al., 1986, et al.). They may
also develop in patients coming to health resorts from remote places (Boksha,
1983). Changes of the biological rhythms during movements from the Northern
to the Southern hemisphere, e.g. in people working in the Antarctic, are
described, e.g. by Deryapa et al., 1985.

Conclusions

The above data give evidence of the existence of different types of
meteorotropic diseases in man. Some of their peculiarities, and above all,
their relationships with climatic factors, are quite evident. Some authors
have emphasized such a phenomenon as the seasonal characteristic of their
occurrence or exacerbations, which depend on the regional specificity of the
geographical and climatic factors (Miyamoto-Sakamoto, 1980). We consider that
the most important tasks for future studies in this field should be the
following:
Firstly, there is a need to elaborate the theoretical basis of
bioclimatology. The modern concepts of human ecology and adaptation seem
promising to adopt. They are actively used in the work of the scientists of
the Siberian Branch of the Academy of Medical Sciences of the USSR
(Kaznacheyev, 1980, 1983).
Secondly, there is a need for co-operation between bioclimatologists
and other specialists in studying problems of climatophysiology,
climatopathology, climatotherapy and medical heliometeorological forecasting
within the framework of international or regional programmes. An excellent
example of such co-operation was the section of Human Adaptability of the
International Biological Programme, where Soviet scientists performed
co-operative interdisciplinary investigations with global synchronous
experiments within the framework of the programme "Sun-Climate-Man" during
periods of the active (1980) and the quiet (1985) sun. It seems reasonable to
consider the possibility of organizing further similar international
programmes.
Thirdly, there is a need to accelerate the introduction of the results
of bioclimatological research into practical medicine and economy; in
particular, one should organize medical meteorological services on the
national scale, including meteorological protection for magneto- and
meteosusceptible people. This trend in bioclimatology could bring great
social and economic results, since it may diminish the incidence and gravity
of meteorotropic diseases.

Obtaining new knowledge in the field of bioclimatology and the
efficient application of the results of fundamental studies in practical
medicine and health services would be an important contribution to the
achievement of "Health for All by the year 2000", as proposed by the World
Health Organization.
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ACCIDENTAL HYPOTHERMIA IN JAPAN
M. Iriki
Dept, of Physiology
Yamanashi Medical College
Japan

M. Tanaka
Dept, of Hygiene
Showa Univ., School of Medicine
Japan

To investigate the current status of accidental hypothermia in Japan,
"questionnaires on death from cold and hypothermia" were sent to the members
of the Japanese Medical Association in several areas in Japan. This
Association is composed mainly of practitioners and doctors in hospitals and
assumes the responsibility of the firstline medical treatment in Japan.
Of the 5743 questionnaires sent out, 1967, including 74 case reports,
were returned. Of the 74 cases reported, 30 cases were of accidental
hypothermia, where the patients were alive at the time of discovery. Eight
cases were accidental hypothermia in persons aged over 60 years old, which can
also be called senile hypothermia.

Figure 1 shows details for each selected area. Hokkaido is the
coldest area in Japan. Aomori, Iwate, Yamagata and Niigata prefectures are
situated on the northern side of the mountains located in the middle of the
main island of Japan. These areas are cold with deep snow in winter.
In
Yamanashi prefecture, located on the southern side of the mountains, there is
snow only two or three times a year. However, because the area is a typical
valley, the temperature is high during the day but very low at night.
In
winter, the temperature falls below -10°C. Tokyo and Kanagawa prefectures are

Figure 1:

Location of areas where questionnaires were sent out, and
responses to the questionnaires according to the area.
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warm areas located along the coast of the Pacific Ocean, having large
populations.
Originally these areas had been selected as control areas, but
no significant characteristics could be found. Therefore, the data from these
areas were analysed together with other data.
I.

ACCIDENTAL HYPOTHERMIA (including death from cold)

The 74 case reports of accidental hypothermia (AH), including death
from cold, were analyzed.
1.

Age and sex (Figure 2)

Twenty-six of the 74 cases
years old. Even after considering
general population (about 10%), AH
aged. The peak of AH was found in

(35.1%) related to persons aged over 60
the percentage of this age group among the
could be said to occur more often in the
persons aged between 50 and 60 years old.

AH occurred more often in young males than young females, but the
percentage of females increased with age.
In the age group of above 60 years
old, nearly half of the cases, 12 out of 26, were female.

2.

Month and Daytime

The peak incidences were in January and February, the coldest period
in Japan. Few cases of AH occurred in the summer, and no incidences were
reported during June and August, the hottest period in Japan.

total No.

No. of
case
20 n

male No.

female No.

Figure 2: Number of cases according to age and sex

74

3.

Environmental temperature (Figure 3)

Of the 74 cases reported, 56 occurred outdoors. The peak of AH
occurred in temperatures of between -10°C to +10°C. The number decreased in
conditions colder than -5°C, because the air temperature is not lowered very
much. Thirty-nine cases among them were associated with wet conditions, such
as rain, snow or falling into a pond. AH occurred more easily in wet
conditions.
In such conditions, AH also occurred in an environmental
temperature of above 15°C.

Eighteen cases occurred indoors. AH can also occur in a room
temperature of above 15°C in dry conditions.

Figure 3: Effect of environmental temperature on the incidence
A. Outdoors, 56 cases
B. Indoors, 18 cases.

4.

Genesis (Figure 4)
AH can develop,

(a)

when the cold defence reactions of the living body, evoked in
extreme cold, is not adeguate. For example, disasters which
occur in the mountains and at sea or accidents which occur
indoors or outdoors.
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Figure 4: Causes of death caused by hypothermia, according to age

(b)

when the cold defence reaction of the living body is disturbed.
For example, through drinking, disease or aging. Such people
cannot tolerate the cold, which healthy people can easily
overcome.

AH caused by accidents and disasters accounted for about one third (28
out of 74 cases). The numbers in each age group showed no significant
difference except in those aged between 20 and 30 years old. No incidence was
reported in this age group, indicating an extremely strong defence against the
cold.
Drinking accounted for a further one third (28 out of the 74 cases).
AH due to drinking occurred most frequently in those aged between 40 and 60
years old.

Disease and attempted suicide made up the remaining cases (18 out of
74 cases). Diseases were associated mainly with AH of the aged.
5.

Body temperature at discovery (Figure 5)

In all cases discovered in living persons, the body temperature was
above 20°C.
Patients could be treated successfully when the body temperature
was above 20’C. However, patients could also die due to hypothermia even when
the body temperature was above 30°C.
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Unchanged cases belonged to the so-called regulated hypothermia. The
rectal temperature of the patients continued below 35°C for a long time, and
there was a circadian rhythm and also thermoregulatory responses to thermal
loads.

Alive at discovery

Figure 5: Body tèmperature on discovery of patients

In the cases discovered in those persons who had died, the core
temperature depended on the time after death and on the environmental
temperature. Here again, there were cases of death where the body temperature
was above 30°C.

6.

Clinical signs

Thirty cases of AH, in which the patients were alive at the time of
discovery, were further analyzed.
CONSCIOUSNESS was disturbed in all patients with a body temperature
under 30°C and also in patients who later died.

BRADYCARDIA was observed occasionally when body temperature was under
35°C, and the lower the body temperature was, the more frequent the
bradycardia.
Except in one case, the heart rate of the patients who later
died was lower than 60/min.

HYPOTENSION was observed occasionally when the body temperature was
below 35°C and in all cases when the body temperature was below 25°C. The
maximal blood pressure of the patients who later died was less than 90 mmHg,
indicating circulatory disturbances.
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Other reported symptoms were atrial fimmern, hypokalemia,
hyponatremia, cyanosis, respiratory inhibition or arrest, mydriasis, loss of
light reflex.
7.

Treatments and prognosis

Rewarming, artificial respiration or intubation and transfusion with
or without cardiants were performed in combination as the main treatment. For
rewarming, electric or hot water blankets, often with a hot water pad were
used.

Many other trials, such as administration of respiratory stimulants,
NaHC03 solution, adrenal cortex hormones, insulin, antidiuretics, antibiotics,
analgesics and vitamins, and artificial dialysis were performed for the
treatments.
Out of 30 cases, 21 patients recovered, 2 remained unchanged and 7
died. No characteristic tendency could be found in the period of
hospitalization.
II.

SENILE HYPOTHERMIA (accidental hypothermia in the aged)

Among 30 cases in which patients were found alive, 8 cases were
persons aged over 60 years old.

Seven of the 8 cases were female.

Senile hypothermia was related to various diseases except one case of
an accident, in which the patient was found in a bath. Diseases included
cerebral bleeding or infarct, senile dementia, attempted suicide, anemia and
leukemia.
AH occurred indoors in 7 out of the 8 cases, which indicates that such
elderly persons could not exist outdoors in the cold.
Body temperature on discovery of AH was higher than 30°C, which
indicates the inability to survive at a body temperature lower than 30°C.
This shows a reduced tolerance for cold in the aged.

These data indicate the reduced ability to overcome cold stress in the
aged. Therefore, the aged must be treated carefully in cold temperatures.
Social care of the aged under cold conditions has been emphasized as one of
the most important factors for the prevention of AH. Therefore, we enquired
about the social conditions concerning senile hypothermia in Japan, and
obtained 14 answers (Figure 6).
The majority lived with their family in detached houses, and their
economical status was considered average. Five patients needed medical care,
one patient exhibited urinary incontinence, and three had dementia.
The
phenomenon of AH occurring in the aged, when they live alone under poor
economic conditions in Europe and USA, was not looked into in the present
survey.
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Living condition
alone

with family
home for the aged

Economy status

good
average

bad

Home
detached house
apartment

Physical activity
bedriddeu

need medical care
no need med. care
not reported

Incontinence

yes

no
not reported
Dementia

yes

no
not reported

Figure 6: Social conditions of the patients over the age of 60 years

TOPIC 3:

CLASSIFICATION OF CLIMATE FROM À HUMAN

BIOMETEOROLOGICAL POINT OF VIEW BOTH ON A LARGE
AND LOCAL SCALE

CLIMATE CHARACTERISTICS AND HUMAN HEALTH

- the problem of climate classification
Roger Taesler
Swedish Meteorological and Hydrological Institute
S-601 76 Norrkoping, Sweden

1.

Introduction

Man is affected by weather and climate in a multitude of ways. Some
effects are readily recognized as sensations of heat or cold. Others
are only indicated by statistical correlations between human diseases
and certain weather conditions or meteorological elements but un
explained as regards cause-effect relationships.

The suitability of climates for humans is much more difficult to clas
sify than for plants and animals. This is due to man's unique abili
ties to overcome adverse environmental conditions. The human race
has spread over the entire globe and man is able not only to survive
but to settle permanently in all types of climate. Evidently, no cli
mate is totally unsuitable for man. On the other hand, no climate
is perfectly suitable for all sorts of human activity nor for human
health and well-being.
The assessment of thermal sensations in terms of comfort or discom
fort has always been a major concern in human biometeorology. Stu
dies in this field today form the basis for design criteria on indoor
climate. Studies of the effects of air pollutants on humans have
served as a basis for legislation and urban planning with regard
to air-hygien. Urban heat stress and depletion of global - and UV radiation, are also receiving attention among urban' planners. Human
biometeorology is of particular importance for building design and
urban planning, since these activities have strong and direct conse
quences for the human environment.
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The effects of climate may be 'instantaneous1, i e related to the pre
vailing weather or depend on the sequence of events, i e on the
synoptic situation. Other effects are cumulative as a result of pro
longes exposure to varying conditions. Depending on the time-scale
involved, such effects may be related either to weather or climate,
though the distinction is somewhat arbitrary. A complete description
of the atmospheric environment directly affecting the human orga
nism, should include data at least on the following elements.

-

Dry bulb temperature

-

Humidity (wet-bulb temperature, relative humidity or vapor pres
sure)

-

Wind speed

-

Solar radiation (incl spectral distribution)

-

Long wave radiation

-

Precipitation (type and intensity)

-

Atmospheric pressure

-

Composition of air (incl variation with altitude)

-

Air pollutants (gases, aerosols, dust)

-

Atmospheric electricity

-

Atmospheric radioactivity

-

Subsonic noise

Except for extreme, disastrous situations, the direct effects on
humans of atmospheric conditions always depend on a number of
other factors, such as:

-

Means of protection (buildings, vehicles, clothing)

-

Level of physical activity

-

Age

-

Sex

-

Genetic characteristics

-

Level of nutrion

-

Level of education

-

Condition of health

-

Previous experience

-

Expectations

-

Cultural and religious traditions

In addition, weather and climate affect the well-being of humans
indirectly, as a result of impacts on supply systems or on certain
branches of society. Flooding due to heavy rains, traffic accidents
due to snow and ice on roads or effects on production and storage
of food are examples of this kind. Spreading of insect-borne dis
eases may also be classified as indirect effects.
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Climate variability and climatic change can have strong effects on
human health and well-being, as demonstrated by the recent pro
longed droughts in Africa. Starvation and malnutrion should not,
however, be regarded primarily as the results of climatic anomalies.
The tragic fact is that hunger kills 15 million humans annually in
the world - 35 000 every day and in two years more than the num
ber of people killed in World was I and II together. (The Hunger
Project, 1985). The existence of hunger, as defined by an infant
mortality rate of more than 50/1 000 under 1 year of age, is by no
means limited to hot arid regions but is spread over wast regions
on all continents except Europe and Australia. By the same defini
tion, hunger existed in every country in the world in the year 1900.
The above considerations indicate that no unique, universal scheme
of climate classification could possibly be established with regard
to human health. Yet, for practical applications some kind of mea
sure is needed to assess and classify climatic conditions as related
to human health and well-being.

Indoor and outdoor urban climates are the two most directly affecting
man but also the two climates most affected by man. Present trends
indicate that 50% of the world's population will live in urban areas
by the year 2000. Urbanization is strongest in regions having the
most oppressive climates in terms of human comfort. Thus, the po
tential importance of human biometeorology applied to building and
planning can hardly be overestimated. For the realization of that
potential it is necessary not only to know the cause-effect relations
but also - and most of all - how to deal with these and, further,
to clearly demonstrate the 'value' of a healthy climate in socio-econo
mic terms.

2.

Methods and measures in human biometeorology

2.1

Methods

Several reviews of human biometeorology and bioclimatology are
found in the literature (e g WMO 1964, Landsberg 1972, Civoni
1976, Weihe 1979, Tromp 1980, Flach 1981). From these and other
sources it appears that studies of human responses to atmospheric
conditions have followed, essentially, four different lines of app
roach, viz.

1) Physical simulation, using instrumented 'bodies' to measure the
combined effects of atmospheric variables on human comfort. Ear
ly studies used simple instruments such as the katathermometer
and frigorimeter (cf Flach 1981). In recent years full scale human
'dummies' have been developed for rather sophisticated heat ba
lance simulations (Wyon et al 1985).

2) Mathematical modelling, either to calculate climatic indices corre
lated to human sensations or physiological reactions or, more
recently, so simulate the entire human heat balance.
3) Experimental studies, using objective performance-tests as well
as subjective voting with humans as test objects, observed un
der field conditions or in controlled climate chambers.

4) Epidemiological studies, using statistical methods to establish
possible relations between weather and occurrence of various
diseases in different regions and/or seasons.
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Studies belonging to the first two categories have dealt mainly,
with the thermal environment. The third category also includes ef
fects of noise and lighting conditions, separately or in combination
with the thermal environment. Common to categories 1)-3) is that
they deal with direct responses to 'instant' or short term exposure
to well defined environmental conditions. Further simplifications are
often introduced by grouping people according to age, sex, race,
health status, level of education, degree of adaptation etc.

Studies of direct climatic effects on humans place strong emphasis
on indoor comfort and performance in particular in cold climates.
Clothing, building design - and, to some extent urban planning constitute man's direct means of protection against adverse climatic
conditions. There is an obvious need for measures of the function
of buildings and clothing in different climates. Assessment of out
door climates is needed, in this context, as a basis for the design
of buildings and climate control systems as well as for calculations
of energy requirements and running cost.
2.2

Measures

Since the beginning of the 20th century a wide variety of so called
'climate indices' have been developed, in particular as measures
of thermal sensation (i e subjective rating of comfort/discomfort)
or thermal impact (i e objective, physiological response). Table 1
summarizes such indices, indicating the various factors included
in the definition of each index. (The areas of application are some
what tentative).

The distinction between subjective and objective indices is not al
ways clear. An index may be associated both with an objective
scale (e g heating or cooling rate) and a corresponding sensation
scale. Both types of scales refer either to defined groups of people
in a defined situation or to a statistical 'average man'. There may
be considerable, individual variations within any selected group.
This is taken into account in the Predicted Mean Vote (PMV, Fanger
1 970), which gives the percentages of satisfied and dissatisfied per
sons in a given indoor climatic environment.
The Effective Temperature (ET, Houghten and Yaglou 1923, Yaglou
and Miller 1925) integrates the effects of temperature, humidity,
air velocity and clothing insulation. ET is defined at the tempera
ture of still air with saturated water vapor giving the same thermal
sensation as actual conditions of temperature, humidity and air ve
locity for subjects wearing 1 clo of insulation. The scale overempha
sizes the effect of humidity in cool and neutral conditions, underem
phasizes its effects in warm conditions and does not fully account
for air velocity under hot-humid conditions (ASHRAE, 1981). Later,
a corrected version (CET) was defined to include also the effect
of radiation. A new Effective Temperature (ET
,
*
ASHRAE, 1981)
has been defined for a given set of standard indoor conditions,
cf Table 1. The ET-scale is still frequently used in building engi
neering .
2.3

Reliability of indices

Landsberg (1972) concludes in his review of hygrothermal indices
that the original ET-concept is simple to use and that no other in
dex is clearly superior in use.
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He adds, however, that improvements may be possible for assessment
of outdoor conditions. In a review of the thermal indices ET, RTI,
P^SRI, HSI, TSI (cf Table 1) Givoni (1 976) concludes that the ET is
the least reliable in predicting physiological and sensory responses
both in comfortable conditions and under heat stress. According
to Givoni, the ET and RTI apply only for persons at rest, whereas
P^SRI, HSI and TSI apply for activities corresponding to metabolic

rates of 100-350, 100-500 and 100-600 kcal/h respectively. RTI,
P^SRI, HSI and TSI apply only for indoor or warm outdoor condi
tions (dry bulb temperatures i + 20°C).
Tromp (1980) summarizes the reliability of the indices ET, RTI,
P^SRI, HSI, RSI and TSI essentially in concordance with Givoni
as shown in the following table.

Reliability of human indices (Tromp, 1 980)

ETI:

least reliable in predicting the expected physiological
and sensory responses, both under comfortable condi
tions and under heat stress.

RTI:

satisfactory in predicting responses of people at rest
or engaged in sedentary activity.

P^SRI:

satisfactory, under light to heavy heat stress conditions,
in predicting the sweat rate response. It is not suitable
around the comfort zone and under cold exposure.

HSI:

suitable for analysing the relative contribution of the
various factors resulting in thermal stress, but not for
predicting quantitative physiological responses to the
stress.

RSI:

seems suitable for analysing the relative contribution
of the various environmental factors to the thermal stress
of sedentary subjects under different clothing conditions.
The available information does not enable evaluation
of the RSI with respect to working people, or for pre
diction of the quantitative physiological response to heat
stress.

TSI:

suitable for analysing the individual contributions of
metabolic and environmental factors and for prediction
of the sweat rate expected in the case of resting or
working people. It is reliable in the range of conditions
between comfort and severe stress, providing thermal
equilibrium can be maintained (stabilized rectal tempera
ture and pulse rate). Beyond this limit the index does
not apply.

Recently Hammer et al (1986) compared human hygro-thermal well
being according to three different indices and as calculated by a
human energy balance model (EBM). The indices are: Equivalent
Temperature (TEql), Resultant Effective Temperature (RTI, eva
luated for calm conditions) and a measure of dry cooling power (Hill,
cf Landsberg 1972). These indices are applied to cover sensations
of heat as well as cold according to four classes, viz.
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Index
TEql

Class

RTI

C.P.

Value (°C)

Sensation

Value (°C)

Sensation

> 56.0

sultry

> 24.0

sultry

<

II

56.0-49.1

moderately
sultry

moderately
sultry

209-419

pleasant

III

49.0-35.1

pleasant

pleasant

420-628

cool

IV

< 35.1

cool

I

24.0-20.1
20.0-16.1
<16.1

cool

Value (W/rn2)
209

> 628

Sensation
warm

cool, very cold

(It may be noted that the classes for cooling power are biased to
wards the cold side as compared with the other two).
The energy-balance (Hammer 1985, Hoppe 1984) is,

+ Q|_| + Ql +

M + ^SHIV + W + Q
*

+ ^Re +

N + S = 0

where
M

= Metabolic rate of heat production

QsHIV

= 'ncreasec* metabolic rate due to shivering from cold stress

W

= Mechanical work

*
Q

= Radiation balance

Qj_|

= Flow of sensible heat

Q|_

= Latent heat transfer due to water vapor diffusion

Q$w

= Latent heat transfer due to sweat evaporation

= Respiratory heat transfer
N

= Heat transfer due to food intake

S

= Net body heat storage

Thermal discomfort is probable when any of the following criteria
is fulfilled,
TC1Z < 29°C
D ix
Qcu... >0
bn I V

TC1Z > 35°C
b lx

SW > 1 .5 SWB
B

> 25%

where

SK

= mean skin temperature

SW

= sweat rate

SWB

= mean sweat rate during comfort

B

= skin wettedness

Calculations were carried out for an 'average man' (age 35 years,
height 175 cm, weight 70 kg) and for metabolic rates 100, 200 and
300 W.
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Clothing was assumed corresponding to an insulation (clo-values)
*
of 1.0 (summer), 1.5 (spring, autumn), 2.0 (winter), modified
during cold stress (+0.5 clo) and during heat stress (-0.5 clo).
The results were grouped, according to thermal sensation, into
five classes,

-2:

cold - unpleasant even with additional clothing

-1 :

cool - pleasant with additional clothing

0:

pleasant

+1 :

warm - pleasant without additional clothing

+2:

hot - unpleasant even without additional clothing

Contingency tables were worked out for the combinations TEql/RTI,
C.P./TEql and C.P./RTI and for each index vs EBM according
to the defined classes. The overall agreement in rating of thermal
sensations according to the different indices is found to be rather
similar in all cases, viz

TEql/RTI

63% (summer only)

C.P./TEql

68% (summer only)

C.P./RTI

71% (summer only)

Comparisons between EBM-classes and the thermal indices show
systematically lower overall agreement with increasing metabolic
rate, viz
M = 100 W

200 W

300 W

EBM/TEql

69%

67%

24%

Summer only

EBM/RTI

57%

56%

36%

Summer only

EBM/C.P.

62%

22%

11%

Whole year

Rem

The thermal indices appear to be useful for assessment of thermal
sensation during light or moderate physical activity but to under
estimate the increased sensation of heat or reduced sensation of
cold during strong activity.
2.4

Measures based on human heat balance models

Steadman (1979) used a model for the human heat exchange to de
rive an index of sultriness expressed as an apparent temperature
(AT). This represents the air temperature producing the same
physiological effect as actual dry bulb temperature and vapor pres
sure. The AT ranges between 16°C and 50 C and, like most indi

ces, represents comfortable to hot conditions. A set of meteorolo
gical standard conditions (atm pr 101.3 kPa, vapor pr 1.6 kPa,
windspeed 2.5 ms-1, extra short and/or long wave radiation = 0)
is defined, for which the apparent temperature is equal to the dry
bulb temperature. Standard values are defined for the physiolo
gical parameters and for clothing insulation and level of activity.
Steady state is assumed in all variables.

*0ne "clo" corresponds to heat resistance of clothes equal to
0.155 °C m /w.
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De Freitas (1985) formulated two aims for the rational specification
of the environment,
1.

The full range of atmospheric variables should be covered
as well as the functional attributes of the environment and
of the exposed subjects.

2.

A unitary index should be produced, having a physiological
basis that adequately describes the net thermal effect on
the human body.

Two more aims are formulated for the subsequent interpretation
of the thermal environment,
3.

To identify relations between the thermal state of the body
and the subjective sensation of that state.

4.

To obtain a rating of the thermal index value according to
the subjective sensation experienced or expressed.

The focus is on interpretation of index values, as expressed by
the following questions,

a)

What are the relationships between thermal sensation and
index values?

b)

What are the relationships between thermal sensation and
thermal preference?

c)

Does the condition of least thermo-regulatory effort correspond
with that of maximum acceptability?

d)

Is thermal’ sensitivity greater for cool or for warm conditions?

Based on the above considerations one index of skin temperature
balance (called STEBIDEX) and one index if the heat budget (cal
led HEBIDEX) are calculated. The indices correspond to thermal
sensations according to the following table.

STEBIDEX range
(°C)

34.40
33.36
32.26
30.82
28.99
25.91
21.09

>35.23
to 35.22
to 34.39
to 33.35
to 32.25
to 30.81
to 28.98
to 25.90
<21.08

HEBIDEX range
(W)

275
143
29
-84
-187
-312
-479

>523
to 522
to 274
to 142
to
27
to -83
to - 186
to -311
<-478

Thermal sensation
Code Description

+4
+3
+2
+1
0
-1
-2 '
-3
—4

Very hot
Hot
Warm
Slightly warm
Indifferent
Slightly cool
Cool
Cold
Very cold

STEBIDEX applies to a well defined activity and type of clothing
and assuming steady state conditions to be reached. HEBIDEX re
presents the net heat gain loss of the human body in a given en
vironment and after reaching steady state.
A particular situation ('beaching1, lightly dressed subjects) was
chosen for field assessments of the indices and corresponding
subjective thermal senations. Both indices showed an approxima
tely linear relation with sensations of cold stress.
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For less cold and for warm sensations, however, the relations be
came clearly different. STEBIDEX showing considerably stronger
sensitivity than HEBIDEX (cf Figure 1a, b). From Figure 1c it
is seen that thermal preference is biased towards sensations of
warmth, maximum preference occurring with a sensation of slight
ly warm rather than neutral. This optimum corresponds to a skin
temperature value of 33.3°C, which agrees closely with results
from other studies.

Young (1979) modelled heat stress during exercise including all
components of the human heat balance and predicts core tempera
ture, skin temperature and sweating as functions of time. The model
is used to obtain the maximum recommended duration of exercise,
MRDE, for different environments, levels of exercise and clothing.
Charts of MRDE as functions of temperature and humidity are pre
sented for different levels of exercise. The MRDE might be used
to classify a particular location or season according to the number
of days unsuitable for certain activities due to heat stress.
3.

Geographical analysis of human biometeorological conditions

Steadman (1979) mapped the variation in apparent temperatures
over the US and parts of Canada (Figure 2). Additional maps show
the effect of humidity, wind speed and extra radiation respectively.
Terjung (1967) produced maps over the entire continent of Africa,
using the indices ET (corrected for radiation impacts) as a mea
sure of comfort, the predicted 4 hour seat rate P^SRI and the re
lative strain RSI as measures of heat stress and the still air tempe
rature SAT (Burton and Edholm, 1 955) as a measure of cold stress
(cf Figures 3 and 4). The daytime heat index maps (ET, P^SRI,

RSI) are in good general agreement both in January and July.
Nighttime cooling (SAT) shows a larger overall range in July than
in January. Coastal areas generally show less cooling rates than
inland areas during both months. Areas often considered as 'tro
pical' actually indicate less climatic stress than very hot-dry regions
or transition areas between very hot-dry and hot-humid. Physio
logically, the northern hemisphere summer is by far the most se
vere over vast areas of northern Africa.
Olaniran (1982) evaluated the climate of llorin, Nigeria (8°30'N,
4°32'E) according to the indices, THI (Temperature-Humidity In
dex, equal to the Discomfort Index, DI) and ET in addition to
the meteorological variables wet and dry bulb temperature, relative
humidity and vapor pressure respectively. Intercomparison was
made of the diurnal-seasonal variation of the various measures with
regard to sensation scales attributed to each measure.

The variation in THI and ET was found to be very similar and
in good general agreement with dry bulb temperature, which indicates
the dominant rôle of the latter variable. Wet bulb temperature also
showed a similar pattern whereas relative humidity and vapor pres
sure did not. In terms of the sensation scales, dry bulb tempera
ture, THI and ET all indicated generally the same season and time
of day as being comfortable or unfortable.
The geographical variation of the discomfort index has also been
mapped in Israel (Rubinstein et al, 1980) and in Mexico (Jauregui
and Soto, 1967).
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Maunder (1962) rated climatic elements (13 in all) according to their
local degree of 'favourability1. The ratings (1, 2, 3, 4, 5) are
multiplied by a weighting factor for each element and summed up
to give an index of human climate (X).
Gregorczuk (1968) used enthalpy of air as an index to produce
world bioclimatic maps. Another worldwide analysis was done by
Gregorczuk and Cena (1967) using ET.

Enthalpy was used also by Giles and Balafoutis (1 984) in analysing
comfort conditions in Greece. Hourly data for the period 1946-1975
were used to calculate monthly means, mean ranges and extreme
ranges of enthalpy (Figure 5). The monthly mean daily variation
of enthalpy at Thessaloniki is shown in Figure 6 together with the
classification of thermal sensation. Uncomfortably warm conditions
occur, on the average, during the period May-September with maxi
mum values during mid-afternoon.
Pennas (1984), using the discomfort index DI, studied hygro-thermal
discomfort conditions on six islands in the Mediterranean, all situat
ed between latitude 35UN and 40uN and selected to represent the
western, central and eastern parts of the Mediterranean. Only
summer conditions (May-September) at noon (12 GMT) were consi
dered. The percentages of population feeling discomfort were classi
fied as (Dl-values in °C),

21 £

DI <

24

10% discomfortable

24 <

DI <

26

50%

II

DI >

26

100%

II

Variations in discomfort between the different parts of the Medi
terranean are discussed in relation to the general summer circula
tion characteristics of the region. It is concluded that wind condi
tions strongly regulate the occurrence of air masses producing
discomfort. This, however, depends more on the local geographical
pecularities than on the overall location in the Mediterranean region.
Smithson (1984) studied the climate at a site 764 m a si at lat
66u02'N, long 14U25'E in arctic Norway in terms of the cooling power
(Steadman, 1971). This includes metabolic heat generation and heat
losses due to respiration, evaporation, radiation and convection,
assuming certain levels of activity and clothing insulation. Appre
ciable mean cooling rates were found even during mid-summer,
with maximum values in mid-morning and minimum values in late
afternoon or even towards midnight in response to the diurnal
variations of wind speed and temperature. Cyclonic weather in
creased cooling rates, as compared to anti-cyclonic conditions, by
nearly a factor of 2 (Figure 7). Decreasing temperature and in
creasing wind speed with altitude produced an appreciable increase
in cooling power with height above sea level.
A special aspect of climatic comfort is that of outdoor recreation.
The Canadian Climatic Center has prepared several publications
with data on conditions suitable for various outdoor recreations
(Crowe et al 1 973, Cates 1 975, Masterton et al 1976). A year-round
division of seasons for various recreation is shown in Figure 8.
Another example of the information produced for Canada is repro
duced in Figure 9.
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Reifsnyder (1 983) discusses climatic information for recreational
purposes. A way to determine clothing during minimal activity from
a bioclimatic chart based on windchill temperature and humidity
(as represented by monthly precipitation) is illustrated in Figure
10a, b.

4.

Impacts of climatic variability and climate change

4.1

General

Recent reviews of human adaptability to climate (Landsberg 1 982,
Weihe 1 983) show that man can adjust his behaviour as well as his
physiological response to the prevailing, local or regional climate.
There is also evidence (Roberts, 1983) of long term genetical adap
tation. However, an inherent characteristic of climate is its variabi
lity on a wide range of time scale. If the fluctuations are too rapid
or too strong, the adaptive capacity of man and society becomes
insufficient, resulting in increased morbidity and mortality or in
disturbances in certain branches of society (e g agriculture, fo
restry, fisheries, transport and various industrial activities), which
also may have repercussions on human health.

Three aspects stand out in this context,

- the worldwide climate fluctuation in recent years, including the
African drought and the anomalous El Nino/Southern Oscillation
- the possibilities of global climate changes due to urban and in
dustrial emissions of air pollution as well as extensive farming
and excessive timber-cutting in tropical rain forests
- rapid urbanization and the associated local deterioration of climate,
in particular in tropical and subtropical regions.
The first two aspects have been extensively covered in a large
number of recent publication, particularily within the WMO World
Climate Programme. Within this the WMO/UNEP World Climate Im
pact Studies Programme deals with analyses of the effects of climatic
variations on man and his environment.

4.2

Regional and global climate change

Northern Hemisphere winter temperatures increased in general du
ring the period 1880-1950. As a result farming began in previously
uncultivated areas in northern Finland and Canada. Then, the cold
1960's caused a catastrophic setback in Finland where farmers had
to abandon their homes. These and many other examples of impacts
of climate fluctuations during the past 100 years are summarized
by Wallén (1984).

The WMO Climate System Monitoring Project, initiated in 1984 as
a part of the World Climate Data Programme and co-sponsored by
UNEP, now documents current climatic anomalies and their impacts
on society on the Climate System Monitoring Monthly Bulletin. A
first review (WMO, 1985) gives a scientific summary of significant
climatic events during 1982-84 with particular emphasis on the
El Nino/Southern Oscillation and the African drought. Overviews
are found in the WMO booklets by Hare (1985) and Daniel (1 980).
The exhaustive account of interactions of energy and climate (Bach
et al, 1980) should also be mentioned. In fact, access to and ma
nagement of energy, food and water are key issues for man in
overcoming the adversities of climate to achieve or maintain good
health.
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An important review of the interactions between the atmosphere
and the biosphere and also of past, present and possible future
climatic changes is given by Bolin (1 980). Of special interest here
are the discussions of soil characteristics and climate in relation
to biomass-production and the possibilities and limitations for food
production, in particular in the tropics.
Effects of climate change on ecosystems were considered by the
1983 Villach-conference (WMO, 1 984) dealing in particular with re
search problems regarding changes in atmospheric CC^ concentra
tion and the associated climatic impacts in marginal areas.

In a US governmental project (-, 1980) a series of scenarios of
possible climate changes and the associated effects on crop pro
duction were simulated on a global scale, some of the projected
outcomes of this study are summarized in Table 2a, b.

An illustrative example of the consequences of the recent droughts
in Africa is given by Adelfolalu (1984). In Nigeria spells of dust
transport during November to March have increased in frequency
and duration in recent years. This is becoming a major health prob
lem, in particular as regards diseases spread by vector carried
by air-borne dust.
Prior to 1980 the southern coastal areas were hardly affected by
dust transport. After 1980 this became much more frequent. In
addition, dew point temperatures down to 10°C and 5°C have been
recorded during the dry seasons of 1981 /82 and 1 982/83 whereas
values never .dropped below 15UC during the entire period 195180.

Records of respiratory diseases from the periods 1961-75 and 197680 showed that dry periods strongly increased the occurrence of
respiratory diseases and, further, that the occurrence was almost
an order of magnitude higher in the northern, semiarid parts of
the country than in the southern, humid parts.
4.3

Urban climate and human health

Urban effects on climate are documentated all over the world and
in urban areas of all sizes. Several reviews on the subject have
been published over the past 20 years (WMO 1970, 1976, Chandler
1976, Oke 1974, 1979, Landsberg 1976, 1981 ). The explosive growth
of cities in tropical regions and the associated problems of health
and comfort related to the urban climate was the main reason for
the 1984 conference on urban climatology organized by WMO and
co-sponsored by WHO (WMO, 1986).

There are numerous studies and reviews of impacts of air pollution
on human health. Michell et al (1979) discuss the effects of different
pollutants on the basis of 67 published studies.

Direct impacts on human health and well-being are associated, in
the first place, with the urban air pollution and the heat island often in combination - and, further, with depletion of sunshine
and solar UV-radiation. Large metropolitan areas are known to in
tensify convective precipitation, which may result in flooding. Wind
conditions are often unpleasant around tall buildings and may even
create hazards to pedestrians.
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In dry-hot climates, winds often cause problems of air-borne dust
originating within the city or in the surroundings due to stripping
of vegetation and erosion of the soil. The urban excess in tempe
rature is most pronounced during clear sky conditions and weak
regional winds. In cold and temperate climates this may be an ad
vantage in terms of thermal comfort. In warm or hot climates, how
ever, thermal discomfort is created or increased. This is strengthen
ed further by reduced wind speed at pedestrian level.
In a study of conditions during August over paved and grass sur
faces at one urban and one suburban site (Clarke and Bach, 1971)
urban dry-bulb temperatures were found to be consistently higher
than suburban and much more so in the evening than during the
afternoon. The most striking differences were found, however,
in afternoon mean radient temperature (MRT) and globe tempera
ture between urban and suburban grass surfaces (cf Table 3a).
Both temperatures were substantially lower at the urban site, in
particular MRT. This could be explained as a result of increased
cloud cover at the urban site and, possibly, also by a smaller urban
sky view-factor.

From the same study thermal indices (ET, CET, CEGT, WBGT,
Dl^., RSa, RSb) and also human radiant and convective heat ex

changes (Hr, H ) are shown in Table 3b. (The definitions of ET,

CET and CEGT are somewhat different from Table 1. Thus, ET
here is calculated only from dry- and wet-bulb temperatures where
as CET includes wind speed and CEGT both wind speed and globe
temperature). Comparison of Tables 3a and 3b shows the meteoro
logical influence on the different assessments of thermal comfort
to be somewhat contradictory. Thus, ET; CET, DI_j_ and RS are in
agreement with dry-bulb temperature and indicate greatest thermal
strain over urban paved surfaces both during afternoon and evening
hours. The indices including global temperature (CEGT, WBGT)
indicate greater afternoon strain over the suburban surfaces but
agree with the other indices for the evening hours. H^ also indi
cates strongest afternoon strain over the suburban surfaces, in
agreement with MRT and T .

It is clear that the grass surfaces exert a cooling influence during
afternoon and evening hours, hence reducing thermal strain both
at the urban and suburban sites. During evening hours, the sub
urban site is more comfortable than the urban according to all in
dices and measured temperatures.
Bründl and Hoppe (1984) studied the urban thermal comfort (ex
pressed by ET) in Munich. The occurrence of sultriness was found
to increase slightly during June-September at a downtown site as
compared to a peripheral site. The downtown occurrence of cool
conditions was somewhat reduced, especially in April-May and Sep
tember-October. The net result in terms of annual occurrence of
comfort/discomfort was a slight improvement at the downtown site
due to the urban heat island.

Long-term (1948-1984) changes in urban heat stress conditions
in Phoenics, Arizona, were studied by Balling and Brazel (1986)
using three different thermal indices: Temperature-Humidity Index
(THI, equal to
Apparent Temperature (AT), and Weather
Stress Index (WSI, Kalkstein, 1982).

A substantial increase in discomfort at night, (0200 MST) was found
due to a large increase in temperature, moderated slightly by fal
ling humidities (Figure 11). There is no significant long term trend
in daytime (1400 MST) stress levels. The nighttime temperature
incraese is explained as a result of urban growth, from approx
180 000 inhabitants in 1940 to 1.5 million in 1980. A further doubling
is expected over the next 15 years.
The effect of urban growth on temperatures in the southwestern
US has been studied by Cayan and Douglas (1984). Urban mean
minimum temperatures for the period 1969-1980 as compared with
the period 1941-1970 showed increases of 1-3°C whereas mean maxi
mum temperatures increases by 0.5-1.2°C. Non-urban sites did
not show this nighttime biased temperature increase.

Temperature changes related to urban growth (or size) are demon
strated in several other studies (Duckworth and Sandberg 1954,
Horie and Hirokawa 1979, Oke 1981, Chow 1983).
Radiation conditions in the three-dimensional urban environment
become extremely complex and difficult to incorporate in assessment
of outdoor thermal comfort. However, recent developments in mathe
matical modelling of the human heat balance seem to offer possibilities
to analyse in some detail the complex impact of solar and thermal
radiation in addition to urban air-temperature and humidity. Jendritzky and Nübler (1981) modelled urban radiative heating (for
steady state conditions) expressed as an additional mean radiant
temperature A MRT. The model was used together with Fanger's
(1972) comfort equation to map thermal comfort conditions during
clear days in Freiburg, Germany (Figure 12). During early morning
the area of heat stress (high PMV-values) coincided with the cent
re of the urban heat island, which, however, was displaced from
the city center by local winds. At noon air-temperature and PMVvalues disagreed markedly, with the highest levels of discomfort
in the suburbs or in the rural surroundings due to the strong
effect of A MRT and low values in the city center where building
density is highest.

Burt et al (1982) combined three submodels (URBAN 3, CANOPY
and HUMAN) for assessments of urban outdoor comfort. Energy
exchanges in an urban street canyon were computed together with
the temperature- and radiation-fields to calculate human heat bud
get components and skin temperatures. A standard set of parame
ters was used, first, to simulate a person standing on plain sur
faces (macadam, vegetated, park) with unobstructed horizon
ring typical clear summer- and winterdays at latitudes 10 , 34 and
50 . In a second step, four different urban morphologies were simu
lated for the same latitude and using the same set of human para
meters.

du

A sensitivity analysis of the HUMAN-model indicated a number of
significant influences of atmospheric variables, in particular wind
speed and solar radiation, on skin temperature and level of com
fort. However, the response of the model to any single variable
was difficult to assess in isolation. For latitude 34UN the different
urban morphologies showed much larger differences in skin tempe
ratures during winter than during summer as a result of different
radiative fields. This was more pronounced for urban systems with
macadam surfaces than for those with parks. Latitudinal differences
in skin temperatures during summer were derived in response to
different radiative conditions, using the same temperatures for
all latitudes.
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The effects of different urban structures were rather small. In
contrast, pronounced differences were obtained during winter,
resulting from greatly differring inputs of solar radiation and tem
perature.

5.

Mortality and climate

Several cases have been reported of increased mortality during
urban air pollution episodes, the most well-known probably being
the 1952 December case in London, which is leading to the establish
ment of the Clean Air Act of 1956.

High urban air pollution levels often coincide with heat waves,
which makes it difficult to separate the importance of each factor.
In tropical and subtropical climates - but also during summer in
temperate climates - the impact of the urban heat island is strongly
aggravated by local air pollution. These problems were discussed
in several of the contributions to the 1984 WMO Technical Conference
on Urban Climatology (WMO, 1986), in particular in the very ex
haustive review by Weihe (1986).

Urban mortality rates increase during strong heat waves (Henschel
et al 1968, Clarke and Bach 1971, Driscoll 1971, Clarke 1972,
Buechley et al 1972, Weihe 1979). Elderly people with heart or res
piratory diseases appear to be most affected. Buechley et al (1972)
established a relation between daily mortality rate and the maximum
temperature of the previous day, predicting an exponential increase
above approximately 90°F (32°C). Clarke (1972) concludes that
heat related deaths usually occur only after 24 hrs of heat wave
temperatures (Figure 13) and, further, that the lack of relief by
nocturnal cooling is a major cause of increased mortality.

Expected for natural disasters or accidents directly caused by
weather, the evidence for meteorological causes of death is essential
ly of a statistical nature. In reviewing more than 100 selected re
search papers Driscoll (1971) found statistical relationships between
mortality and a number of weather characteristics or elements, viz
- Foehn
- Air mass

- Weather type
- Fronts
- Temperature
- Temperature + humidity
- Pressure
- Atmospheric electricity, magnetic phenomena
- Radiation

To investigate further the possibilities of weather events as a cause
of sudden deaths (occurring within 24 hrs after the event), Dris
coll selected data on three deat categories: 'stroke1, arterioscleric
heart disease (ASHD) and total mortality (M). The categories were
correlated with each of a total of 19 weather elements.
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In general, three weather types were found to be associated with
changes in mortality, Hz

- excessive heat and humidity
- changing weather

- days with low wind speeds
Thresholds for_increased death rates during hot and humid weather,
determined as T
+o T /D +o D, were:
m
m

Tm = daily maximum temperature

: 31-33°C

D

: 18-22°C

= daily mean dew-point

Exceptions were Seattle (28°C/13^C) and Dallas. In the latter case
no days were found with both variables exceeding the threshold
values, which is due to an inverse relationship between high tem
peratures and absolute humidity in the southwestern US. Excess
mortality in Dallas, corresponding to the other metropolitan areas,
was found at T s +38°C.
m
The effects of changing weather were either, increased mortality asso
ciated with rising temperature and humidity and falling pressure
(prefrontal weather) or decreased mortality associated with opposite
changes (postfrontal weather) or some combination of these. Days
with low wind speeds and increased mortality were also found to
exhibit high pollution potential in combination with high temperatures.
In these cases a cause-effect relation may be readily inferred. As
regards the effect of changing weather, however, no such relation
could be found or even suggested.

Staiger (1982) found variations in daily mortalities in Hamburg as
sociated with weather changes, in particular during autumn and
winter. These variations could not be explained by extreme tempe
ratures and humidities but showed significant relations to changes
in cyclonality during cold front passages. In the Hamburg-region
temperatures during the cold season often increase in such situa
tions.

Deacon and Williams (1982) showed a strong correlation between
cold-wet weather and the sudden infant death syndrome (SIDS)
in eight US metropolitan areas (Figure 14). Extending the study
to include also Australian and British data, a surrogate index was
calculated as,
CW_ = 30.9 + 0.5 N
Sc
p

- 0.035 R - 0.10(T -2?
c

where
N

P
R

= no of precipitation days during Oct-April (N Hemisph)
April-Oct (S Hemisph)

= mean insolation, cal cm 2 day-1

Tc = mean temperature (°C) of the seven months above

The British and Australian data also showed a close correlation be
tween SIDS-incidence and cold-wet weather. With reference to seve
ral other studies it was argued, however, that the relation is an
indirect effect of the occurrence of respiratory infections on the
general population.
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The difference between whites and non-whites, shown in Figure
14, indicates that socio-economic disadvantaged families are more
susceptible to SIDS. The importance of the socio-economic factor
is further strengthened by the low SIDS-values e g for Stockholm
(0.6/1 000 live births) and Copenhagen (0.9) in spite of the rather
high value of CW^ (about 60 in both cases).

From an analysis of over 3 million deaths in Chile over the period
1945-75 Hajek et al (1984) found a seasonal variation in death rates
attributable to climatic differences. The ^trongest seasonality was
found in the central provinces (lat 33-40°S) and in the continental
regions. Air enthalpy was used to classify thermal sensations into
9 groups in an analysis of seasonal-latitudinal variations (Figure
19). In high latitudes (cooler climates) mortality was highest in
spring and winter whereas lower latitude (warmer climates) showed
higher mortalities in summer. During this season mortality was
highest in the age-groups < 1 year and > 65 years.
Momiyama and Katayama (1972) analysed seasonal variations in death
rates in 18 countries in Asia, N America and Europe during the
periods 1920-24 and 1962-66. Three types of seasonality were iden
tified ,
- strong winter maximum, in some cases weak summer maxi
mum

- weaker winter maximum, in some cases weak summer mini
mum
- a deseasonalized type
An overall reduction was found from the first to the second period
in all countries both in total mortality and in infant mortality.
There was also a trend towards decreasing winter mortalities, even
tually leading to a deseasonalized type. Some countries, however,
maintained a weak summer peak. The deseasonalized type was found
in Northern Europe and North America, having cold or very cold
winters and, in some regions, very large annual temperature ranges.
Strong winter maxima were found in countries having relatively
warm winters with January-temperatures of +4-+8uC. The difference
in seasonality was ascribed to better indoor climate control (in
particular central heating) in the countries with cold winters, where
indoor temperatures during winter are-higher than in countries
with milder winters. Figure 16 shows death rates in the 1960's as
a function of winter temperatures (Nov-Jan) in New York, Tokyo
and London.

Figure 17 shows death rates and coefficient of variation/month for
8 regions of the US during three different periods. All regions
show a flattening from the first to the last period. The changes
are even more marked when white and non-white populations are
studied separately. For both groups but in particular for nonwhite- regions 7 and 6 show a complete elimination of the summer
peak from the 1910's to the 1960's. However, in all 8 regions mor
talities in the 1960's were still higher for non-whites than for
whites, especially infant mortality. Deseasonalization has been
strongest in the industrialized urban regions.
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6.

Prospects for classifications of climate as related to human
health

6.1

General

It is evident that the selection of measures of impacts of climate
on human health and well-being is not an easy one. The older,
rather simple thermal comfort indices all have limitations in terms
of validity and applicability. Mathematical models of the human heat
balance appear more promising as regards general applicability,
though their complexity may be a limiting factor. More important
is that certain atmospheric parameters, required as input data,
are not regularity measured at meteorological stations. This applies
in particular to radiative parameters, though some of these may
be computed from routine meteorological observations.
A basic problem in human biometeorological assessments of climate
is the influence of adaption. Reviews of different types of adaption
(behavioural, physiological, genetical) are found, e g in Weihe
(1979, 1982, 1983), Roberts (1983), Landsberg (1982), Hori and
Ihzuka (1986). Simple climatic indices or integral parameters for
classification of general comfort have to be differentiated against
various populations. More attention should be paid, also, to dif
ferences in responses and preferences between individuals (Wyon,
1984).

However, rather than to assess the 'quality' of climate as such
in a particular region, it appears more important to develop planning
strategies for improvements of living conditions - indoors as well
as outdoors - affected by climate. In other words, climate classifica
tion should be 'purpose'- and 'system'-oriented (cf also the discus
sion by Weihe in this volume). Meteorological and other environmen
tal parameters alone only give a measure of the physical environment
of people. The human response includes physiological and beha
vioural as well as psychological reactions. The search for universal
scales of comfort or discomfort is restricted, basically, to the phy
siological reactions. The related subjective scales of preference
are usually determined with reference to selected groups of people,
as defined by nationality, age, sex, health status etc, and for
certain defined activities. Further, the subjects are usually assumed
to be well adapted to the ambient climate.

Behavioural reactions are neutralized by specifying certain protec
tive conditions (clothing and/or indoor environment). This elimi
nates an important human reaction to climate, i e deliberate actions
to counteract adverse climatic impacts. Such actions are taken by
man on all time-scales - 'instantaneously' in response to rapid
weather changes as well as over many generations in response to
climate.
Psychological reactions to climate have received little attention so
far. This includes the rôle of expectations and past experiences
as well as education and cultural and religious traditions. Recently,
Auliciems (1 981 , 1983) attempted to define criteria for human ther
mal comfort in psychological as well as physiological terms. After
a critical discussion of current thermal comfort criteria, Auliciems
presents a re-analysis of a large set of data from previous assess
ments of comfort-temperatures. These data are summarized in Table
4.
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denotes the temperature for group neutrality calculated from
mean monthly temperatures indoors (T.) and outdoors (T-) as
i
m
T. = 0.48 T. + 0.14 T- + 9.22, °C
ip
i
m

The results are translated into thermal design criteria for different
localities, expressed as
T = 0.31 T- + 17.6, °C
<p
m
This relation indicates a lower limit for group neutrality of 1719°C. The upper limit is estimated as 30-31°C. These results,
as summarized in Figure 18, are associated to systems for indoor
climate control required to obtain thermal neutrality. As a further
step world maps are constructed showing thermal design criteria
in terms of deviations from a 'design zero1 temperature (determined
as T = 25.5UC). Disregarding other meteorological impacts, in par
ticular solar radiation, localities within the zone of 'design zero'
are taken to require minimal technological adaptation to maintain
thermal neutrality. An additional parameter (the 4 cm isopleth of
precipitable water vapor) is used to delineate regions where atmo
spheric humidity orevents nocturnal long-wave cooling required
to achieve neutrality by passive systems.

Auliciems concludes that 'different places need different indoor
environments due to differences in climato-cultural experiences'
and, further, that 'where indoor environments are permitted to
fluctuate to some degree in response to outdoor thermal conditions,
populations will achieve neutralities varying according to such
changes'.
The approach taken by Auliciems has several merits for classifica
tion of climate as related to human health and well-being - although
it may require further research and validation. It does, however,
produce an assessment of human preferences which accounts for
physiological as well as psychological responses including also ef
fects of adaption. Furthermore, it produces a regional differentia
tion of requirements on climate control systems.
Other implications for building design and urban planning are dis
cussed in contributions by Givoni (1986) and Nieuwolt (1986) to
the WMO Technical Conference on Urban Climatology. Givoni deals
in considerable detail with building design to improve indoor com
fort in particular techniques for passive cooling and natural ven
tilation, but also with the planning of urban neighbourhoods to
reduce outdoor climatic stresses. The design principles laid down
by Givoni constitute relevant examples of requirements and stra
tegies based on 'purpose-oriented' climate analysis.

Impacts of climatic hazards on urban areas were analysed by Davis
in a contribution to the same conference. The main tasks in this
context were identified as shown in Table 5. Planning for risk re
duction, analysed as illustrated in Figure 19, requires the con
cern of a large variety of specialists and governmental bodies.
The UN and other international organizations have an important
rôle to play in co-ordinating and disseminating knowledge and
expertise.
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The WMO as well as National Meteorological Services can make impor
tant contributions to reduce impacts of climatic hazards but also
to improve comfort and health conditions. Measuring, collecting
and analysing climate data in a systematic, purpose-oriented way
is the first priority. Not less important, however, is the dissemina
tion of specialized knowledge about climatic impacts - rather than
general climatological summaries - to other fields of society. Through
the WMO World Climatic Programme, important progress has already
taken place. It is hoped that this process will continue and inten
sify, internationally as well as nationally. Our knowledge about
climate and also about impacts of climate on man and society has
increased strongly during the past decade. Application of that
knowledge, however, is still lagging behind.
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TABLE 1. Human biometeorological indices.
Area of application: 1) general, 2) outdoors, 3) indoors.
Sources: WMO (1964), Landsberg (1972), Civoni (1976),
Tromp (1980), Flach (1981), ASHRAE (1981).
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cf.
Landsberg
(1972)

X

Comfort zone

Ashrae
(1901)

X

X

Effective temp (ET)

Yaglou
et al
( 1923,1929)

X

X

X

Corrected
effective temp (CET)

Bedford I
Wagner
( 193<)

X

X

Globetemp

Resultant effective
temp index (RTI)

Missentrd
(1944)

X

X

X

X

New effective
temp (ET
*)

Ashrae
(1311)

(x)
Top

X

0.2
m/s

0.6
clo.

1 met.

Predicted a hour
sweat rate (P^SRI)

McArdle
( 19<7)

X

X

X

X

1

Heat street
index (HSI)

Belding S
Hatch
(1955)

X

X

X

Globe
temp

X

1

Relative strain
index (RSI)

Loe 4
Henschel
(I960)

X

X

X

X

X

3

Cooling-power, wet

Discomfort
indices

(01

)

coiK)
(0lT)

Thom
( 1957,1951)
Kawamura
( 190S)
T ennenbaum
( 1901)

X

X

2
Globe
temp

2

X

Body
or
skin
temp

X

1

1
3

X

1

X

1

1
1 hr
exp.

3

X

X

2

X

X

2

X

X

2

Skin temp (Ts)

Green
(19€7)

X

Wet-bulb globe
tamp (WBCT)

cf. WMO
( 1960

X

Eqviv. temp
index (TEql)

Dufton
(1932)

X

Thermal stress
index (TSI)

Civoni
(1963)

X

Wind chill
index (WCI)

X

X

X

Sunshine
(0-1)

Globetemp

1

X
X

X

1

Temp of
surround.
X

X

1

1

Slple 5
Passel (1945)

X

Net effective
temp (NET)

Gregorczuk
( 1 Ml)

X

X

X

2

Equatorial comfort

index

Webb
(IMO)

X

X

X

3

Biological
temp (Tb)

Lam bo r
(IMO)

X

X

X

Additional heat load
in deeert (ûET)

Loe 4
Vaughan
(1M4)

Operative temp
dry air (To)

cf. Ashrae
(1901)

X

Eqvivalent wind
chill temp (T^)

cf. Ashrae
(1M1)

WCI

Predicted mean
vote (PMV)

Fanger
(1970)

X

X

X

X

X

X

Comfort equation
(comfort charts)

Fanger
(1970)

X

X

(X)
low

X

X

X

X

X

Skin temp
= 33°C

2

1
X

2

X

Temp of
surround,
surfaces,
heat
transf.
coeff:s

3

corr.
factor

2
3

skin temp,
sweat
heat
loss

3
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a) upper, b) lower (from Young, 1980).

TABLE 2.

THE EXPECTED CLIMATE CHANGES ASSUMED TO AFFECT THE KEY CROPS IN THE FIVE GLOBAL CLIMATE SCENARIOS

CLIMATE SCENARIOS
KEY CROPS

Hemi
sphere

Zone of
Latitude

HIGHER
MIDDLE

EXPECTED CHANGES IN ZONALTEMPERATURE
(ûf’CI AND PRECIPITATION IUP%>
SPRING
WHEAT
tSPWT)

WINTER
WHEAT
(WNWT)

CANADA
U.S.
USSR

USSR

SOYBEANS
(SYBN)

RICE

CORN

N

45J - 65’

LARGE
COOLING ILC)

△T

MODERATE
COOLING (MCI

AT

IP

IP

SAME AS THE
LAST 30 YEARS
if

IP

-1.05 -2.0 -0.50 -2.0 *0.25 0.0

MODERATE
LARGE
WARMING 'MW! WARMING LW-

CT

_p

IT

IP

*0.65 *2.0 *1.40 -6.0

—

LOWER
MIDDLE

N

U.S.

S

*
ARG

PRC
U.S.

-0.85 +2.0 -0.35

0.0

+0.25

0.0

+0.45 00

-1 00 -2.0

*
ARG
*AUS

-0.95 +2.0 -0.20

0.0

+0.15

0.0

+0.45 0.0

-1 00 -2.0

INDIA

-0.50 -2.0 -0.30 -2.0 +0.20

0.0

+0.40 0.0

-0.75 +2.0

-0.50 -2.0 -0.20 -2.0 +0.15

0.0

+0.40 0.0

+0.75 +2.0

U.S.

3QJ - 45’

SUB
TROPICAL
10° - 30s

INDIA
PRC

N

BRAZIL

s

* NOTE ARG = Argentina, AUS = Australia,

PROJECTED EFFECTS OF CLIMATE AND TECHNOLOGY ON CROP YIELDS BY THE YEAR 2000

Hemi
sphere

Zone of
Latitude

HIGHER
MIDDLE

N

Crop and
Country
SPWT:

N

SUB
TROPICAL

N

S

EFFECT ON VARIABILITY OF YIELDS

LW
p=0.10

MW
p=0 25

MC
p=0.25

LC
p=0.10

MC
p=0.25

++

4-4-4-

24

4-

4-

-

-

-

USSR

—

4-+

4-4-4-

WNWT: USSR

- - -

4-4-

4-4-4-

23

4-4-4-

4-4-

—
—

-

CORN: U.S.

4-

-

32

SYBN: U.S.

4-

4-

-

-

WNWT: U.S.

4-

4-

-

-

22
25

-

-

4-

4-

39

CORN: Arg

4-4-

4-

-

51

WNWT: Arg

*
4-4

4-

-

Aus

4-4-

4-

-

32
11

India

-

-

-

PRC

-

-

-

4-

4-

-

RICE:

|sYBN:

Brazil

|

-

|

-

|

-

-

34

27
29

|

-

|

CHANGE

SYMBOL

APPROX. RANGE

♦
•«
•««

0% - 3%
3% - 6%
6% - 9%

LW
o=0 10
4-4-

4-

-

+

+
______

4-4-

4-4-

4-4-

4-4-

4-

4-

4-

4-4-

4-

4-

-

4-

4-

4-

4-

4-

4-

4-

-

-

44-

I

44-

40

Percent increase
m the expected
(average) yield since
1972-76. assuming
no change in climate.

Increase ( + ) or decrease!-)
in the exoected (average)
annual yield, compared to the
Base Period, assuming no
change m technology.

"SMALL"
"MODERATE"
"LARGE"

|

MW
0=0.25

-

26
25

-

-

WNWT: India

|

CLIMATE SCENARIOS

EFFECT OF TECHNOLOGY
ON EXPECTED YIELDS

—

Canada

PRC

s

NO CLIMATE CHANGE

EFFECT ON EXPECTED YIELDS
LC
P’0.10

U.S.

LOWER
MIDDLE

CLIMATE SCENARIOS

Increase (♦) or decrease (-)
m the coefficient of variability
of annual yields, compared to
the Base Period, assuming no
change m technology.

CHANGE

SYMBOL

♦
"SMALL"
♦♦
"MODERATE"
♦♦♦
"LARGE"
"VERY LARGE....................

APPROX. RANGE

0% - 3%
8% - 16%
16% - 24%
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TABLE 3.

Average micromeceorological elements at the urban and suburban
sites tn summer 1969

Average values of thermal indices for August 1969. Cincinnati, Ohio

Setting

Ta

(°C)

29. 8

29.5

28.6

27.0

27.0

21.9

21.7

1.4

1.6

1. 4

1.8

1. 3

1.6

1.4

2.2

12

14

13

13

11

11

11

x

20. 7

20.0

21.0

20. 1

20.2

20. 1

1. 1

I. 4

1.3

1. 7

1. 1

1.1

a

P

-528

-136

-198

932

666

-364

-409

-582

-726

0. 18

0. 20

0. 16

0. 15

0. 15

0.02

0.01

0.33

0. 33

0. 30

0.28

0. 27

0. 15

0. 14

25.6

24.7

24. 8

(Btu/hr)

817

470

-112

-162

705

308

RS a

0.22

RSb

0.36

80

Hc (Btu/hr)

4

13

Total

12

14

13

13

11

11

11

11

X

9. 8

9.6

10.4

10.3

10.9

10.6

10.7

11.3

SD

0.9

1.3

1.3

1.3

0. 8

1. 1

1.0

0.9

11

11

11

11

11

T,

5

43.0

37.1-

45.9

42.0

27.8

27.0

21.4

20.2

6.2

5. 7

5.1

4. 7

1.5

1.3

1.7

(°C)

SD
n

2.3

11

11

X

3.4

3.5

1.5

2.6

1.9

1.6

0.6

1. 3

SD

2. 1

1.2

0.6

0.8

0. 7

0. 7

0.3

1.2

(km/hr)

n

12

14

13

13

11

11

11

11

fr

*

60.9

49.9

63.7

61.5

29. 1

27.0

21.1

18.2

SD
n

13.2

25.5

(°C)

12

14

CLD

x

41

27

3

20

SD

35

18

8

28

0

26

26

22

18

2.0

2.2

11

11

*
Not
abbreviate>ns:

w«t-bulb temperature

-446

-158

Dl |°C>

73

- relative humidity
- vapor pressure

-251

-179

1.3

13

rh
p

-185

1.3

14

T . "

835

-169

26.9

6

-

1042

-110

24.4

53

T«

19.4

26. 2

4

- ambient air temperature

20. 8

WBGT (°C)

13

(%)

23.6

18.6

51

1.3

23.7

18.4

3

11

19. 3

24.3

28.0

46

1.4

19.4

29.6

3

11

22. 2

26.3

44

9.2

22.4

28.6

5

13

18.9

25.3

CEGT |°C>

41

9.5

19.9

11

3

13

23.2

23.2

(mm Hg) n

V

19.9

23.6

23.7

23.8

39

11

20.4

20.3

24.5

24.5

11

11

20.5

23. 1

24.9

23.7

11

13

23.6

24. 8

11

13

Grass

24.8

11

globe temperature
wind speed

Tr
- mean radiant temperature
CLD - cloud cover

H

Grass

Paved

25.6

13

I Suburban

U rban

Paved

CET (°C)

13

14

Evening (20.30-22 00 hr)

ET (°C)

14

12

Afternoon (14.00-15:30 hr)

Urban
Suburban
Paved Grass | Paved Grass

12

SD
(%>

Indices

Urban
Suburban
Paved | Grass | Paved 1 Grass

31.3

x

rh

Suburban
Paved | Grass

*
SD
n

SD
n

(°C)

Urban
Paved | Grass

Setting
Evening (20 30-22 00 hr)

Afternoon (14:00-15 30 hr)

Elements

1971 ).

a (left), b (right) (from Clarke & Bach,

107

TABLE 4 (from Auliciems,

1983).

Temperatures and neutralities in field surveys
Researcher

Act Ive, passive
Control

Log aticn

Mean
Ti

Tr
Australasia

22.3
20.7

20.4

19.5
22.6
19.6
22.4
-

28.3
25.9
•
27.8

19.3
9.5
11.1
15.2
13.3
21.6
19.4.
12.4
21.3
12.3
17.1
14.7
3.3
28.1
28.1
23.9
4-7.3
26.9
26.9
27.0

22.7
21.3
20.5
23.9
22.3
24.2
21.4
21.0
23.0
20.6
23.1
21.9
21.3
26.2
27.6
26.2
25 ■
25.4
25.0
27.2
27.5

Melbourne
Melbourne
Melbourne
Sydney
Sydney
Sydney
Sydney
Sydney
oydr.ey
Adelaide
Brisbane
Perth
Amidale
Darwin
Darvin
"e i oa
Ft. Moresby
Pt. Moresby
Pt. Moresby
Pt. Moresby
Honiara

28.9
27.0
27.0
33.5
26.4
33.9

26.1
26.1
27.3
30.1
26.1
31.2

Singapore
Singapore
Singapore
New Delhi
Calcutta
Baghdad

A
A
A
A
A

P
A
A
A
P
A
A
P
?
P
P
P
P
P
P

. Ballantyne
. Ballantyne
Auliciems ; 1^«7)
. Hindmarsh
. Hindmarsh
. Hindmarsh
. Hindmarsh
. Wong
. Weng
Aulic iems ; 1'
Auliciems 1 l^'7’’.
Auliciems . 17?7)
Auliciems (l-^)
• Macpherson
• Macpherson
• Wyndham.
. Ballantyne
. Ballantyne
. Ballantyne
. Ballantyne
Woolard ( 1^80 )

Asia
23.2
28.6
23.3

33.4
30.3
35.9

P
P
F
P
P
P

.
.
.
.
.
.

Ellis
Ellis
Webb
Nicol
P.ao
Nicol

P
P
A
A
A
A
A

.
.
.
.
.
.
.

Sa
Sa
Tasker
C«u;ge
Newton
Pepler
Pepler

Americas
28.3
24.7
•
•
23.5
23.6

24.3
21.3
22.0
22.3
21.5
12.5
12.5

25.3
24.6
22.5
23.9
23.6
24.4
22.1

21.1
24.1
23.9
23.5
22.7
23.2
18.1
18.8
19.0
17.2
20.5
19.7
21.4
21.1
21.4
21.4
21.4
21.4
21.4

3.5
10.2
0.6
13.3
2.2
17.8
4.7
6.7
17
5.2
10.6
4.7
15.9
17.9
3.3
7.7
10.3
14.4
16.4

19.3 ■
19.0
21.5
23.1
20.9
21.3
18.4
19.2
22.2
17.5
22.4
18.9
19.4
21.3
19.9
19.7
19.3
20.0
20.2

Rio de Janeiro
Rio de Janeiro
Toronto
New York
Minneapolis
Portland
Portland

Europe

Swedish Towns
Swedish Towns
Zurich
Zurich
Zurich
Zurich/Basel/3em
London
London
London
London
London
London
London
Garston
Garston
Garston
Garston
Garston
Garston

references »v»il«ble In Hunphreys (1975 , 76).
inspection of original texts.

A
A
A
A
A
VP
A
A
A
A
A
A
P
A
A
A
A
P
p

. SI3
.SIB
. Wanner
. Wanner
. GrandJean
. Grand]ean
. Bedford
. Slack
. Black
. Fox
. Wyon
. Angus
. Hicklsh
. Humphreys
. Humphreys
. Humphreys
. Humphreys
. Humphreys
. Humphreys

Sene date vary fren Hiaphreys' foliowine
*
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TABLE 5. Measures to remove or reduce hazards from various
climatic hazards (from davis, 1986).

CLIMATIC
HAZARDS
(Descend ing
order of
■ortallty)

X of Total
Natural
Disasters
reported
in a gives
year

REMOVAL OP RISK
Cause of Death

Vulnerability
of Houses and
Sett leaears

Possible
Solution

Major
Difficulties

REDUCTION OF RISK
Possible
Mitigation
Measures

Major
Difficulties

Drought

14X

Malnutrition
resulting from
lack of food/
water/resist
ance to alaple
infections

Overall loca
tion relative
to food/water
•upply

Maintain
supply of
staple
foodstuffs/
water

Logistics ;
■arket prices

Advance warning
of crop failures
(i.e. market
price fluctua
tions in staple
foods)

Resources to
■onltor
drought
indicators

Tropical
Cyclones

2 OX

Drowning/
Exposure ;
Injuries eus
*
tained when
parts of buil
dings /trees/walIs
fall on people

Location of
settlement
adjacent to
coastlines

Relocation
of
comsunitles

laposalble in
any general sense
(nay be possible
at local level);
location related
to occupations and
income levels

Cyclone shelters;
evacuation
pol Icies ;
shelter breaks;
stronger
buildings

Economics,
logistics,
social consequences

Floods

40Z

Drowning/
Exposure

Location of
settlements
on low-lying
ground in
river basins/
estuaries

Relocation
of
communities

Impossible In
any general sense
(nay be possible
at local level);
location related
to occupations and
income levels

Flood control
measures; evacu
ation policies;
stronger
buildings

Economica,
logistics,
social con
sequences

Other

10Z

Various

Note:

The overall total percentage Ln the above Hit excludes a 15Z figure for Earchquakes which has been emitted since thia
is obviously not a climatic hazard.
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FIGURE 1.

Variation of (a) thermal sensation with STEBIDEX;
(b) thermal sensation with HEBIDEX; and
(c) thermal preference with thermal sensation
(from de Freitas, 1985).

FIGURE 2. Geographical variation in apparent temperature (K)
in Anglo-America, normal solar noon, midsummer
conditions (from Steadman, 1979).
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FIGURE 3. Regional variation of Effective Temperature ( F). Pr A hr.
Sweat-rate, Relative Strain and Still Air Temperature, July
(from Terjung, 1967).

..
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Effective Teaperaturee (ET). January, daily aean aaxiaum

Relative Strain (RS). January, daytime.

Still-Air Teaperatures (SAT). January, ni^httiae.

FIGURE 4. As Figure 3, January.
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FIGURE 5. Annual course of daily air en FIGURE 6. Diurnal variation of air enthalpy
thalpy in Thessaloniki. The
for each month. The boundaries
climate types are those of
of the climate types on the Brazol
Brazol (1951) (from Giles and
scale are marked (from Giles and
Balafoutis, 1984).
Balafoutis, 1984).

Hourly mean temperatures and wind speed during anticyclonic and cyclonic
weather

FIGURE 7. Mean daily variations of temperature and wind speed fLeft)
and cooling
power (right) in Arctic Norway during summer, cyclonic and anticyclonic
weather (from Smithson, 1984).
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FIGURE 8. Schematic representation of recreation seasonal
patterns at any typical location (from Masterton et

FIGURE 9.

Relative frequencies of 'suitable days' for
different outdoor recreational activities.
Canadian examples (from Gates, 1975).

W IN D C H IL L

TEM PERATURE
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PRECIPITATION
Blocllaatic index showing clothing requirement tor minimal acti
vity. Wlndchill temperature and monthly mean precipitation.

(from Reifsnyder, 1983).

FIGURE 10. a (left)
b (right)

Bioclimatic index for Storlien, Sweden. Windchill temperature
from calculated from monthly mean temperature and wind speed
exceeded Dy ten percent of the hourly observations.

(from Reifsnvder, 1983).
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FIGURE 11.

Time series for summertime 0200 MST temperature, dew point,
relative humidity and percent days when the weather stress
index exceeded 0.90. Dashed line is 37 year mean (from Balling
& Brazel, 1986).

FIGURE 12a (upper), b (lower). Predicted mean vote (PMV) in Freiburg:
(a) 25.9 1973 0600 hrs and (b) 1.5 1973 1 300 hrs (from
Jendritzky & Nübler, 1981).
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Three-day running mean departures from normal
temperatures (Central Park, New York City) and
a 3-day running mean values of total mortality for
New York City, July 1955. Mortality figures are
lagged 1 day behind normal temperature departures
(from Clarke, 1972, after Kutschenreuter, 1967).

Sids

I ncidence

FIGURE 13.

5
6
7
8

Cold-wet weather

Z.

•
-

Memphis; 1965-74
Miami; 1965-74
California; 1968
Los Angeles; 1974-77

October-April

FIGURE 14. SIDS incidences per thousand live births related
to mean cold-wet weather percentage for the
October-April period (from Deacon & Williams, 1982).
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FlCURE 15. Latitudinal gradient of the air enthalpy as compared
with the seasonal trends of mortality of human popu
lations in Chile. Categories of the air enthalps are:
9, uncomfortable; 8, very warm; 7, comfortable, in
summer acceptably warm; 6, comfortable, in autumn,
most comfortable; 5, comfortable, in winter, accept
ably cool; 4, cbol; 3, moderately cold; 1, cold (from
Haiek et al, 1984).

FIGURE 16. Regression lines of mortality from stroke versus
temperature in the cities of New York, Tokyo and
London from November to January in the 1960's
(from Momiyama & Katayama, 1972).
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1.

Introduction

The classification of climate outlined in this paper is essentially
described through its reference to human biometeorology, indicating that the
classification refers to the human body with its temperature of about 37°C.
The reference to the human body involves a variety of applications, such as
requirements of heating, ventilation and cooling, building climate, clothing,
and to many aspects of human activities.

A classification from the point of view of human biometeorology
should, however, not be based on too great a number of details, but rather on
the physicopsychic relationship of man to his climatic environment.
Such a
classification is required to illustrate the primary impact on man of various
bioclimates, with specific reference to the physical and psychic stress he may
be exposed to. The classification should give an indication of the effects of
various climates on the health of man and on his behaviour and way of life.
Such a classification could be applied for the assessment of bioclimatic
aspects of occupation, tourism and sports, in particular when man is exposed
to new bioclimates.
Finally, a human biometeorology classification of
climates should be applicable on the large and local scales.
Only in this way
would the bioclimates of different territories become really comparable.
This
also means that the classification should cover, as far as possible, all
bioclimatic conditions to which man is exposed on the global scale.
The
purpose of this report is to suggest a human biometeorological classification
of climate starting with the global aspects.

2.

Parameters to be used as a basis for a bioclimatic classification

In any classification of climate from a human biometeorological point
of view, the existing climatic characteristics to which man is exposed must be
known and their effects must be allocated objective means of description.
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The following thermal parameters are important: air temperature, air
humidity, air motion, short and long-wave radiation, stimulating parameters
such as light and ultraviolet radiation, as well as the oxygen partial
pressure, which controls the respiratory function.
Among these factors air
temperature undoubtedly plays a leading role.
All effects caused by thermal parameters can be objectively determined
and effects can be distinguished as heat and cold sensations of different
scales. Light has been considered mainly as a psychic component, which varies
in duration and brightness, and which is a "Zeitgeber" for biological
rhythms.
There are, also, great difficulties in finding a numerical method
for separating the degrees of effect of
light which could serve a
biometeorological classification.
The availability of data on various parameters is a function of the
number, distribution and instrumentation of existing meteorological stations.
Temperature and humidity data may be assumed to be available in sufficient
number.
Representative radiation measurements are available to a limited
extent. Measurements of wind speed are available but not at a height relevant
to human beings.
Reasonable values may often be obtained by reduction to a
height of about 1.5 m above the ground in open terrain.
An even better
approximation, taking into account the shape of the terrain, vegetation cover
and distribution of buildings, is indispensable in studies of the local
bioclimate, but cannot usually be extended to larger areas.
Light and
ultraviolet radiation are measured at only a few stations.
Brightness
conditions
may
be obtained from global
radiation measurements or be
approximated by the use of data on day length. For days with data on incoming
radiation, the supply of ultraviolet radiation can be approximately derived by
application of data on the solar height. Taking into account the differential
water vapour content, the partial pressure of oxygen can be determined from
the atmospheric pressure.
For most biometeorological purposes even a rough
reference to the altitude may be sufficient.
3.

Importance/selection of parameters

The abovementioned biometeorological factors and parameters are not
all equally important for man's well-being, behaviour and way of life. Their
degree of importance varies with the climatic zones:

a)

In the humid tropics, air temperature and air humidity
predominant factors.
Seasons are marked by temperature
humidity fluctuations;

are
and

b)

In the sub-tropics,
the
temperature and radiation:

air

c)

In the temperate climatic zones, air temperature is the most
important biometeorological indicator.
In summer, radiation and
air humidity should also be taken into account and in winter the
wind should also be considered;

d)

In cold climates,
air
temperature and wind determine the
bioclimate and - approaching the polar circles - there is an
increasing influence of the illumination conditions;

e)

At higher altitudes the decrease of the partial oxygen pressure
is of growing, or even primary importance, in addition to the
role of the decrease of the temperature and humidity of the air.

bioclimate

is

determined

by
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Air temperature is the most important of all biometeorological
indicators.
At the warm end of the thermometer, the consideration of air
humidity and radiation is indispensable, and at the cold end, the wind, and
possibly light, are parameters which must be considered. At higher altitudes,
partial oxygen pressure must be taken into account.
It is impossible to integrate the effects of all the abovementioned
biometeorological conditions by the use of one indicator.
As the thermally
effective parameters are of primary importance it is suggested that they
should form the basis for the useful biometeorological climatic classification
discussed in this paper.

4.

Basic thermal information

Basic thermal information must refer to both air temperature and air
humidity.
Wind speed is a parameter with both space- and time-related
variability and is of decisive importance to the wellbeing and behaviour of
man both in very cold and very warm conditions.
It should therefore be
included in the information in such a way that its important role is clearly
illustrated.
The same is true of irradiation, at least at great solar
heights.
In trying to include the four thermally effective parameters one
should aim at an indicator which integrates all of them. As an approximation
one may accept to use an indicator which integrates the effects of only the
most basic values including those of additional parameters on the basis of a
"box-of-bricks" system.

Biometeorological indicators
A number of biometeorological indicators which describe the thermally
effective environment
are currently available.
Those
indicators were,
however, not established to serve a classification of the bioclimate as the
basic purposes for their development were:
a)
b)
c)
d)

description of the beginning and the intensity of a heat load,
determination of sultry ranges for man,
determination of comfort ranges for man,
indication of cold loads.

The relevant indicators of this type can be divided into three
categories: cooling power values, thermal sensation values, and integrated
empirical indices.

The cooling power values describe the heat loss at the surface of a
human body at a temperature of 36.5°C (sometimes 33°C) in W/m^.
The cooling
power values may, in principle, be used to estimate the climatically relevant
cooling which is essential for the maintenance of the heat balance of the
human body. The cooling power values, however, are based on measurements with
a rather small body with a dry surface (kata-thermometer or frigorimeter) and
do not realistically indicate the cooling power at the surface of the human
body, particularly as the surface of the skin becomes increasingly humid under
warm conditions.
Their applicability to various climates is therefore
obviously restricted.
A better variant is the "wet cooling power" having a reference
temperature of 36.5°C, and being related to the temperature of the wet-bulb
thermometer.
Lehmann (1936) presented the following equation for the "wet
cooling power" H^:

123

Hw = (0.37 + 0.51 v0-63) (36.5 - tw) in mcal/cm2s,
where v

= wind speed in m/s

tw = wet-bulb temperature in °C.
This value will never be negative, even under humid tropical conditions.
Caloric measurements Involve the air enthalpy, which expresses the
heat content of the air derived from temperature and humidity in kcal/kg.
Brazol (1954) and Gregorczuk (1968) have used this measure for bioclimatic
classification.

The "sensation indicators" are derived from studies of heat and cold
sensation of man with simultaneous measurements of the thermally effective
climatic parameters providing a direct relation with the thermally effective
environment. As the heat and cold sensations exert their influence upon the
behaviour of man indices developed on the basis of such sensations satisfy the
conditions for a bioclimatic classification better than do the cooling power
values.
A "sensation indicator" which has gained world-wide application since
it was first presented in the 1920‘s is the Effective Temperature (see paper
by
Taesler
in
this
volume).
This
relates
temperature
and humidity
combinations to their effect upon humans and was defined by Missenard (1937)
as follows:

RH
ET = Ta - 0.4 (Ta - 10) (1 -100),

where Ta
RH

= air temperature in °C
= relative humidity in %

Gregorczuk and Cena (1967) have calculated global maps of the ET for January
and July using monthly means of air
temperature and humidity.
The
ET-isolines, usually at 5° steps, are named "isoesteses" (i.e. lines of equal
sensation).
Although the maps generally are very similar to those for air
temperature, there are large deviations in hot deserts where, under very dry
conditions, ET may be more than 10° lower than the air temperature. Depending
upon the influence of the air humidity on the ET, dry air is felt to be
increasingly
warmer
than
humid
air
at
temperatures
below
10°C,
and
increasingly cooler at temperatures above 10°C.
This is Illustrated in
Table 1.
Table 1

Ta in °C

80

-20
-10
0
10
20
30
40
50

-17.6
- 8.4
0.8
10.0
19.2
28.4
37.6
46.8

ET at RH in %
50

-14.0
- 6.0
2.0
10.0
18.0
26.0
34.0
42.0

20

-10.4
- 3.6
3.2
10.0
16.8
23.6
30.4
37.2
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Some empirically developed indices confirm the results arrived at by the use
of ET or are very similar in design.
For example, the discomfort index DI for
warm conditions after Thom (1957, 1958) is defined as:

DI = 0.4 (Ta + Twb) + 4.8

where Ta and Twb = air and wet-bulb temperatures
index from Tennenbaum et al. (1961) is defined as:
T
DI

a

+ T

in

°C,

and

another

DI

wb

2

Disregarding the air motion, both of them give values within a threshold range
from the heat load defined by ET = 24°, as shown in the Table 2.

Table 2

DI
Ta

RH

Twb

24.0°C
25.1°C
27.3°C
30.4°C

24.0°C
22.5°C
19.9°C
16.0°C

100%
80%
50%
20%

ET

24.0°C
24.0°C
24.0°C
24.0°C

(THOM)

24.0°C
23.8°C
23.7°C
23.4°C

(TENNENBAUM)

24.0°C
23.8°C
23.6°C
23.2°C

The ET may also be calculated with an additional influence of air
motion using measurements of wind speed at 10 m above ground in open
terrain, reduced to 1.5 m above the ground.
This reduced wind value
relevant to man is approximately 2/3 of the value measured at 10 m.
For
the calculation of ET, taking wind speed into account, Missenard (1937)
suggested :

ET = 37----------------------5----- r--------- 0.29 Ta (1- y^),
0.68 - 0.0014 RH + ------------T-ZT
1.76 + 1.4 v°-75

where Ta = air temperature in °C
RH = relative humidity in %
v = wind speed in m/s.

It is important to note that ET was designed originally for use as a
measure of heat load only.
However, the results obtained from assessments of
wind-chill equivalent temperatures, suggest that the ET with the additional
influence of air motion may well be used even in cold conditions.
For
comparison, Fig.l shows the ET for -20°C and at 20, 50 and 80% relative
humidity with wind speeds between 2.0 and 10.0 m/s.
These values, calculated
by Eagan and Kolb (1965) from air temperature and wind speed, apparently lie
within the range of variation of the ET caused by differences in air
humidity.
Thus
the
ET
involving
the
wind-speed
provides
additional
differentiation compared with the wind-chill equivalent temperature.
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Fig. 1

Effective temperature (ET) at air temperature of -20°C and RH = 20%
(.
), 50%
and 80% (----) as a function of the wind
speed between 2 and 10 m/s, as compared with the wind-chill equivalent
temperatures (WCET) at air temperatures of -20°C and a wind speed
between 2 and 10 m/s (----- ).
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One may conclude that, of the indices presently available, the ET is
the most suitable to be used in a global bioclimatic classification. Not even
the "wet cooling power" calculated as a caloric measure, which also includes
temperature, humidity and wind speed, is better to use as its disadvantages
are the same as of other cooling power indices which are related to the small
sensor of the kata-thermometer.
The overestimation of the impact of wind may
also result in a too great variation of the wet cooling power with the
humidity conditions.
Hence, we obtain for an ET of 24° the cooling power values given in Table 3
below.

Table 3

__Wind m/s
RHÏ-- --- --- 80
50
20

1

5

10

11
14
17

19
25
34

25
35
48

Even if an exact agreement between the caloric measure and the
sensation measure cannot be expected, the substantial dispersion of the
cooling power values, as revealed by these data, suggest that they are not
very useful particularly if compared with an equal thermal sensation value
like ET.
5.

Information value of a bioclimatic classification

The information value of a bioclimatic classification does not only
depend on the selected indicators. The basic meteorological data required for
the calculation of indicators could be: hourly values, extreme values, values
taken at standard observation hours, mean values and frequency values.
The
results may well vary depending on the data used for calculation of
temperature.
For biometeorological purposes values should
reflect
the
bioclimate actually experienced.
From this point of view the information
value of various data that may be used and their immediate availability may be
summarized in the following way:
a)

Hourly_values: Changing both with time of the day and with the
climatic region their biometeorological importance may vary and
their availability is clearly restricted;

b)

Extreme
values:
As
they
Integrate
the
whole
sphere
of
biometeorological
effects,
they are well
suitable for our
purpose.
However, a reference parameter such as the mean air
temperature
should
be
given.
Extreme
values
are
always
available.
There
are,
nevertheless,
some
difficulties
in
allocating atmospheric humidity and wind speed to the reference
value;
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c)

Values_ taken_ at_ standard_ observation_ hours: The two or three
values needed for the ET are immediately available.
The values
taken at 07h00 and 13h00 may reasonably well reflect the whole
sphere of biometeorological effects;

d)

Mean_values: Their information value decreases with increasing
length of the reference period; they may include: annual, monthly
and diurnal mean values.
It is more beneficial to use values
taken at standard observation hours, preferably at 07h00 and
13h00;

e)

Frequency values: These are without doubt the most realistic
values.
They give true information on the probability of
exceeding selected threshold values or about the occurrence of
some selected classes of values.
Hence, relevant frequency
values of temperatures at 07h00 and 13h00 would have great
information value.
They should be calculated for each individual
standard observation hour over a period of several years.

This analysis shows that the ordinary meteorological data may well
provide basic information which can be used for biometeorological purposes.
However for most biometeorological applications special processing of basic
data is indispensable, otherwise the specific target may definitely be missed.
The best measure, which at the same time would meet the requirements, is the
application of the mean values of the standard observation hours 07h00 and
13h00.
A weak point in a biometeorological evaluation based on mean values,
calculated for those standard observation hours, is that the stronger the
relevant climate is influenced by fluctuations in daily weather, the more the
climate conditions may become "levelled".
This disadvantage may, however, be
accepted for summarizing purposes.
The best information value would emerge
from solution of frequency distribution which, therefore, should be made
available as far as possible.

For climatological classifications, the most common time unit is the
month. There are no strong arguments for the use of another time unit, since
the often limited stay in one or another bioclimate (working mission, tourism,
sport) would require monthly data.
6.

classification

For the classification by use of the ET the threshold value of 24° is
a most important criterion. Numerous biological and empirical studies suggest
that 24° ET provides a reasonable upper critical threshold towards a heat
load.
Beyond the 24°-threshold a further boundary value for human comfort
exists at about 30° ET.
Above this point a distinct decrease of the physical
and mental capacity commences. At the same time, the general irritability and
psychic disturbances increase significantly.
Below 24° ET, the range of
indoor thermal comfort is given as from 17 to 21° ET.
The term "thermal
comfort" should not be applied to outdoor conditions, because the wind
produces permanent fluctuations towards the warmer and cooler side of the
temperature range.
Outdoor thermal comfort in fact includes the entire
thermal range within which both relaxation and moving around are pleasant.
This range cannot be determined by allocating ET values to physiologically
objective parameters but rather to subjective sensations, the role of which
should not be underestimated. The sensation of "cool", "cold" or "very cold",
and likewise the sensation of "warm", are the origin of man's activities to
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counteract any discomfort. Sensation is, therefore, one of the most important
criterion to be used for the assessment of a thermal climate.
However, the
scientists who have used the ET have not yet published a scale for the thermal
sensation within the cool and cold ranges.
The most detailed results in this
respect, which are based upon actual outdoor observations, have been described
by Hentschel (1961), who found a limit between "warm-mild" and "fresh-cool"
sensations to exist at about 12° ET, provided the normal wind speed is no more
than 3 m/s in the area where man is exposed.
This is in agreement with
observations made by Leistner (1951) who studied the relation of thermal
sensations to equivalent temperatures and showed that the transition from
"comfortable" to "cool" occurs at an equivalent temperature between 31 a,,d 38°
when the wind speed is between 0 and 3 m/s. With humidity at saturation and
with calm air, 11° ET corresponds to 31° equivalent temperature.
With a
relative humidity of 50% and a wind speed of 3 m/s, 14° ET corresponds to 38°
equivalent temperature.
If one fixes a sensation threshold towards the "cool"
side at about 12° ET, the range between ET >. 12 and 24° may be classified as
"pleasant" for an outdoor stay.
This is the range where well-being is best
preserved.
With reasonable expectations about man's heat regulation, such
outdoor conditions are favourable for recreation, tourism and man's life in
general.
A further division into "warm" (ET
18 to < 24°) and "mild"
(ET
12 to < 18°) conditions may also be justified.

Studies by Hentschel (1961) show that below 12° ET the sensation of
"cool" is predominant: the same was found by Leistner (1951) below the range
of equivalent temperatures between 31 to 38°.
According to Leistner, a
sensation threshold between “cool" and "cold" may be found for the clothed man
at an air temperature of between -1 to -2°C or between 10 and 15° equivalent
temperature.
These values can, however, be taken merely as an indication and
may serve as a basis for the acceptance of a threshold range at about 0° ET.
Results obtained by Baibakova et al. (1964) suggest that the sensation of
"cold" may be observed already at an ET < 8°C which, however, refers to the
naked human body. According to Teleky (1928) approximately 5 to 7° would have
to be subtracted from this value in order to obtain the threshold temperature
for the clothed man.
Altogether, it seems therefore to be quite reasonable to suggest that
a tolerance threshold for the clothed man towards the cold exists at
approximately 0° ET.
This means that there exists one more 12°- step between
>. 0 to 12° ET which can be labelled the range for the "cool" sensation.
There appears to be some reason also to adopt a further subdivision of this
range into 6°-ET-steps, so that from ET >,6° to < 12° one would talk about
"cool" and between > 0 to < 6° about “very cool" sensations.

It might now be argued that the classification should be continued
further on the cold side into 12- or 6°-ET-steps.
Although such a procedure
cannot be justified in any detail by known sensations, available observations
provide some indications which do not contradict a continued classification
into the above-mentioned steps.
Reference could be made to Hentschel (1961),
where a range named "intolerably cold" is proposed for wind speeds between 0
and 10 m/s together with temperatures between -22 and -10°C.
These values
can, in case of very dry air, be said to roughly correspond to -12° ET.
Criteria for further classification boundaries have been given by Eagan and
Kolb (1965) using the wind-chill equivalent temperatures. An increased danger
of frostbite begins at -30° and is found to be a great danger from -60°.
Since, according to Figure 1, ET and wind-chill equivalent temperatures are
well comparable, -30 and -60° ET could be used as further thresholds.
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7.

Large-scale and local scale

The preceding considerations are mainly aimed at a global bioclimatic
classification.
For this purpose the ET is the most suitable parameter taking
into account the heat and sultriness load under hot and the wind-chill under
cold conditions. At the global scale a division of the classification into
sensation classes of 12- and 6°-ET-steps may be useful as they are well
established within the warm range, at least satisfactorily established within
the cool range and roughly indicated within the cold range. A comprehensive
classification by 12° to 6°-ET-steps is therefore proposed for the global
classification, as shown in Table 4.

Table 4
heavy
----------hot
moderate
24° -----------------------warm
18° ----------pleasant
mild
12°---------------------- cool
6° ----------cool
very cool
0° --------------------- —
-6° ----------cold
- 12° ---------------------- 18° ---------very cold
- 24° ---------------------beginning
- 30 ----------danger of frostbite
increasing
30°

This type of classification may also be suitable for many regional areas,
although for even more limited areas further subdivisions may be applied. For
example, a subdivision into 3°-ET-steps could be used wherever smaller
differences are perceptible for man, and where it may be difficult to make a
subdivision into smaller regions.
In any case, such subdivisions would also
fit very well into the global scale.
8.

Proposed methods of establishing a classification system

On the basis of the above discussions it may be concluded that, in
order to proceed with a classification of the thermal bioclimates, the
following steps should be taken for a simple and a more informative approach
respectively:
The simple_approach

a)

Calculation of monthly mean values of air temperature, humidity and
wind speed for the standard observation hours at 07h00 and 13h00;

b)

Calculation of the monthly mean values of the ET from monthly mean
values of air temperature, humidity and wind speed (reduced to 1.5 m
above ground) at 07h00 and 13h00;
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c)

As a first approximation, mapping of the ET on the basis of air
temperature and atmospheric humidity at 07h00 and 13h00 for each
month, with isolines of 6° intervals for the global scale, and with
isolines of 3° intervals for smaller areas; as wind speed data are
available, mapping of ET based on temperature, humidity and wind speed
may be made in a similar way;

The more_informat.iye_apprpach
a)

Calculation of the ET both from air temperature and humidity and from
air temperature, humidity and wind speed (reduced to 1.5 m above
ground) for each individual standard observation hour at 07h00 and
13h00;

b)

Calculation of the frequencies of both ET at 07h00 and 13h00 for each
month
in
3°-classes.
This
detailed
subdivision
provides
for
small-scale presentations;
for larger-scale mapping, any kind of
frequency class is feasible.

c)

Mapping of frequencies of both ET at 07h00 and 13h00 for each month.
For global mapping the use of 4 to 6 classes is recommended as
follows: ET < 0° (possibly subdivided into further 12°-ET-classes),
> 0 to < 12°, >.12 to < 24°, >, 24°.
These maps should show
isolines of the percentage frequencies.

A classification of the bioclimates of the Earth, as suggested, is
obviously a large and difficult task if it is to have a high information
value.
When using monthly mean values of the hours 07h00 and 13h00, the
preparation, of global surveys would mean the production of 48 maps; if
frequency distributions are used and the production of 192 maps would be
required.
While
the
cartographic presentations contain spatial
tabulated presentations can be useful to show detailed data for
For such a set of tables, locations should be selected which are:

a)
b)
c)

overviews,
localities.

representative of a large area;
centres of major human activities (capitals and large cities);
centres of tourism.

The records for these locations should include:

a)

when monthly mean values of the ET at 07h00 and 13h00 are
used :
basic information in the form of monthly mean values of
temperature and humidity at 07h00 and 13h00 (ETb^m);

b)

when monthly frequency values at 07h00 and
basic
information
in
the
form
of
frequencies of temperature and humidity
and at specified intervals (3°-ET-classes)

13h00 are used:
monthly
percentage
at 07h00 and 13h00
(ET^f);

or
additional information in the form of monthly percentage
frequencies of temperature, humidity and wind speed at 07h00
and
13h00
and
at
specified
intervals
(3°-ET-classes)
(ETaif).

131

It is suggested that all the material be presented under the heading
"BIOCLIMATES OF THE EARTH", in one volume of tables and one volume of maps,
along with the appropriate narrative.
9.

Inclusion of further effective parameters

9.1

Radiation

The heat supply from solar and sky radiation is not taken into account
when using ET as a biometeorological indicator.
The effect of heat by
radiation could be integrated into the ET if sufficient measurements of the
global radiation were available, but unfortunately such values do not exist
from many places around the world.
Use can however be made of the dependence
of irradiation on the solar height in cloudless weather, in which case the
global radiation can be expressed as an increment to the ET according to a
suggestion by Gregorczuk (1966) as follows:
From Table 5, noon-time solar height may be determined for the
individual months as a function of the geographical latitude.
The solar
height determined for a specific area provides (see Fig. 2) the increment to
the ET which, as a function of the wind speed, reaches its maximum impact on a
person staying in the sunshine at noon.
The data in Fig. 2 have been
calculated for selected climatic areas with the use of data on average water
vapour content and average turbidity, in order to obtain approximate values,
which may be sufficient for the general purpose. With a solar height between
60 and 90° the increments are of the order of 10° at low wind speeds. For a
more detailed assessment of the human biometeorological climate additional
information on the effect of radiation is indispensable.

9.2

Light

For biometeorology,
light is important primarily as regards its
duration during a bright day. This information is contained in Table 6, where
as a function of the geographical latitude for individual months the lengths
of the days are presented in hours and quarters of hours.
These values have
been calculated with reference to the times of sunrise and sunset plus
twilight time, i.e. up to a solar height of -6°.
9.3

ultra-yiolet_radiation

Ultraviolet radiation is Important in human biometeorology mainly due
to its Impact on the development of erythema.
Relevant Information may also
be presented In tabulated form.

Table 7 contains the times, in hours and quarters of hours, which
would cause erythema after exposition to the sun at maximum solar height
(according to Table 5), and for each month as a function of the geographical
latitude.
These times have been calculated using 180 W/m2 as the sunburn
unit at which erythema is caused.
The data on sunburn units vary between 160
and 240 W/m2, also as a function of the type of skin to which the UV-B
radiation is exposed.
180 W/m2 are, on the average, assumed to be the most
probable value.
Times of exposure to radiation of more than 2 hours is being
increasingly used as a limit, but only as a rough guideline since even lower
solar heights should then be included.

Cd
PJ

Geographical
Latitude
Jan.

Feb.

90

-21

-13

8o

-11

-3

70

-1

60

March

Apr.

May

-3

10

7

20

7

9

50

40

June

July

Aug.

Sept.

Oct.

Nev.

Dec

19

23

22

14

3

-9

-18

-23

29

33

32

24

13

1

-8

-13

17

30

39

43

42

34

23

11

2

1?

27

40

49

53

52

44

33

21

12

7

19

2?

37

50

59
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Table 5. Noon-time solar heights in degrees as a function of the geographical latitude, as calculated
for the 16th day of the months by H. Piazena.
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Fig. 2

Diagram for the determination of the increment to the effective
temperature in AET° at solar exposition as a function of the solar
height in degrees and wind speed v in m/s, as calculated for cloudless
sky, turbidity factor T = 2.75, water vapour pressure e = 13.3 hPa.
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TABLE 6: Duration of the bright day in full I-lours and quarters of an hour ( = lengths of the days limited
by the twilight at a solar height of -6 ) as calculated for the 16th day of each month by H. Piazena.
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TABLE 7: Erythema-causing times of radiational impact in full Ilours and quarters of an hour by one sunburn uni t
of 180 W/m effective at noon- time as calculated for the 16th day of each month by H. Pi azena.
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9.4

Oxygen_partial_pressure

The partial pressure of oxygen is of biometeorological concern only
when it is substantially reduced, i.e. from about 1500 m and, particularly,
from 3000 m above sea level.
This information may, for the cartographical
volume, be indicated by introducing a transparent foil with the contour lines
of 1500 and 3000 m.

9.5

Addit.ional_information_useful. for biometeorplp<jica.l purposes

Additional data obtained
regularly from meteorological observing
stations may be useful for biometeorological purposes in serving various kinds
of precaution measures.
Above all, the following data on precipitation and
sunshine duration involve useful information:

a)
b)

the number of days per month with precipitation of > 1.0 mm,
the sunshine duration per month expressed in per cent of
astronomically possible value.

the

Both types of information can be made available in maps and in tables.
10.

Final remarks/conclusions

The classification method proposed in this paper is based upon the
thermal sensation expressed by the ET.
Some ET threshold values are suggested
to be used as a basis for the classification.
They include the 24° and the
30° thresholds, both of which are of physiological and pathophysiological
concern.
But even lower threshold values are useful, at least for an
approximate indication, in particular as indications of frostbite limits.

Other thermal indices which have been suggested satisfy the conditions
required for a global classification only to a lesser degree.
Some indices
are
satisfactory
for
comparatively narrow thermal
ranges
such as
the
"predicted 4-hourly sweat rate "index (McArdle et al., 1947), for heat load
and the "predicted mean vote "index (Fanger, 1970), for the comfort range and
its immediate thermal environment.
For the entire globally effective thermal
range, no parameters alternative to ET are available.

A climatic classification for human biometeorological purposes is an
urgent task, which will justify any relevant efforts.
Modern computerised
working methods can facilitate such a project.
It is also suggested that the
calculation of the ET be incorporated into the daily routine evaluation of
selected meteorological stations.
The formula for the ET from air temperature
and atmospheric humidity is easily applicable.
For an easy solution of the
more complicated formula, which includes the wind speed, Gabryl (1980) has
calculated tables and nomograms.
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METEOROLOGICAL AND CLIMATOLOGICAL INDICES AND THEIR
USE IN CONNECTION WITH CLIMATIC AND BIOCLIMATIC CLASSIFICATIONS
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ABSTRACT

First, traditional concepts of weather and climate are briefly
reviewed. At the same time criteria for a generic classification of world
climates associated to commonly used climatological elements are examined.

The biological approach is emphasized, regarding its importance and
necessity as a means to use climatic classification for multiple medical
purposes.

A bioclimatic classification of Argentina and study on
weather-generated stress upon sheep in Uruguay are mentioned as regional
examples.
Finally, clear recommendations about the future of the Commission for
and the role of individual countries in the development of this
essential discipline are formulated.
Climatology

TOPIC 4:

HEAT BALANCE OF MAN AS RELATED TO HIS HEALTH

HEAT BALANCE OF MAN IN RELATION TO HEALTH
Wolf H. Weihe
Biological Central LaboratoryUniversity Hospital, University of Zurich
Ramistr. 100, 8044 Zurich, Switzerland

INTRODUCTION

Man is a homeothermlc organism. The regulation of the functions of the
human body and physical and conscious activities depend on the
generation, storage and dissipation of heat. The temperature of the
human body is maintained nearly constant within the body core. All
levels of structure of the body share in the regulation of the heat content
ranging from the Intracellular systems, the cells, the organs, and the
organ systems to the whole organism to achieve and maintain
homeothermla. Homeothermia is an Integrated function of homeostasis.
Homeostasis is the embracing autonomic coordinating force that directs
the functions at all sytem levels towards stability and efficiency of the
body in response to the conditions and changes in the environment. Within
homeostasis homeothermla has a priority over other life sustaining
functions and Is of such vital Importance that It does not depend on the
autonomic regulation alone but Is closely assisted by the consciousness.
The heat balance of the body results from storage, Input, production and
output of heat. The complex processes are governed by a combination of
physical and biological laws. From the physical aspect the environment
and the body are thermodynamically open systems moving towards an
equilibrium between their heat contents. These physical processes are
counteracted or facilitated by the biological processes of homeostasis
which is the controlling force in the conversion and preservation of
energy and In the regulation of physical energy exchange. The body
regulates Its thermodynamic state In an active response to the ambient,

while the ambient Is passive towards the body.
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STEADY-STATE CONDITIONS

The boundary between the internal and the ambient human thermal
environment Is the surface of the skin and mucous membranes. As a
model for a thermodynamic system analysis the body is divided into
segments and layers (Wlssler, I960. Two general compartments are the
core and the shell (Aschoff and Wever, 1958). The shell is defined as the
volume between the skin surface and some centimeters deep into the
tissues. The core is made up of the central organs with the surrounding
tissues including the principal arteries and veins. Atkins and Wyndham
(1969) and Stolwijk and Hardy (1977) divided the body into six segments:
head, trunk, arms, hands, legs and feet, and each segment into four
concentric layers, the core, the muscle, the subcutaneous, and the skin
layer and a central blood compartment. The body is thus seen as being
subdivided into 25 compartments, the head treated as a sphere, the other
segments as cylinders. As the heat production takes place in the core
organs and the heat is transferred through the concentric layers of the
shell to the surface of the skin a temperature gradient exists from the
core to the shell. The shell tissues have a dual function in preserving the
core tissue temperature, one as a heat buffer between the ambient and
the core tissues and the other as an active heat exchanger.
The division of the body into compartments allows the calculation of
mean core, mean skin and mean body temperatures.

The mean core temperature Is an unmeasurable value. Of the numerous
detectable internal temperatures in the poorly definable core area some
are above and some below an estimated mean core temperature. Sites for
taking core temperatures are the mouth (Tm), oesophagus (To), rectum
(Tr8), colon (Tc), or the ear canal close to the tympanic membrane (Te).
The latter is considered to represent the temperature of the
hypothalamic area where the thermoregulatory center in located. The
temperature of the heart blood will Influence the temperature of all the
structures of the brain of which the hypothalamus is only one. The
oesophagus temperature next to the heart and aorta appears to be the
most representative core temperature: It is up to half a degree
centigrade lower than the rectal temperature. Invasive methods to
determine core temperatures are not applicable in man.
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The mean skin temperature (Ts) is calculated from temperature values

commonly measured with thermocouples placed at 8 sites over the body
surface. Hardy and DuBois ( 1938) have recommended 15 sites, 10 on the
ventral and 5 on the dorsal side of the body. Each value is weighted for
the size of the related skin area. The highest weighting factors are 17.5
% for the chest, 19 % for the thighs, and 5 % for the hands. Skin
temperatures vary greatly depending on ambient temperatures. The
warmest areas are the head and the trunk, the coolest the upper and
lower extremities. At low ambient

Fig. 1. Bod/ and skin temperatures at different air temperatures. (From Werner, 1984).

temperatures the more distal the area the lower is the skin temperature.

At ambient temperatures above 30 *C the difference between the

warmest and the coolest skin surfaces is about 1.2 - 2.0 *C. Below 30 ’C
the temperature differences increase; at 20 *C they already exceed 15 ’C
(Werner, 1984) (Fig. 1).
The mean body temperature is calculated from a weighted ratio of mean
core and mean skin temperature. Hardy and Stolwijk (1966) found the
weighting ratio Ts:Tre for the nude man in cold environments of 1:2 and
in warm environments of 1:8 when Tre and 1:9 when Te were used.
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Mean body temperature, Tb, is the sum of the products of the heat

capacity and the temperature of all the tissues or compartments of the

body divided by the total heat capacity of the body (Bligh, 1973):
HCj.Tj)

V ----------SCi
where T< - temperature of each tissue element, and Ci = heat capacity of
each tissue element.

The heat capacity of the body is the product of mass and specific heat.
The specific heat of the skeleton is 0.58 W.h/kg/C, of fat 0.70 W.h/kg.
*C,
of the other tissues 1.04 W.h/kg.’C, and of the body as a whole 0.97
W.h/kg/C.
The heat content of the body is the product of temperature and body
mass. The heat gained by or lost from the body is expressed by the
product of body heat capacity and change of core temperature (dTc) and
skin temperature (dTs). Under standardized conditions the heat capacity
is set as a constant value leaving Tc and Ts as variables. The rate of
storage of body heat (S) is directly related to the rate of change in mean
body temperature dTb/dt. Inserting the specific heat of the body, the

body mass (m) and the body surface area (Ap) the rate of storage is:
S = (0.97.m/AD).dTb/dt

(1)

The body surface area (m2) is calculated according to the formula by
DuBois Ap = 0.202 V/0.425 x h°'725> where W = body weight and H = height.

Heat transfer
Within the body heat transfer Is by conduction and convection through the
blood flow. Powerful counter-current convective heat exchanges take
place in the limbs between parallel running arteries and veins and
between the smaller caliber interwoven vessels in the skin. Cooled
venous blood from the periphery takes up heat from the warm arterial
blood and reaches body temperature on the way to the heart. A combined
convective and evaporative counter-current heat exchange mechanism is
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located In the nose and upper airways. During inspiration ambient air
passing the warm wet distal mucous membranes is humidified and heated

to water vapor saturation at body temperature in the alveolar air. At the

end of the inspiratory phase the mucous membranes are cooled and the
dew point temperature, Tpp, decreased. The process is inversed during

expiration with condensation of water vapor, heat gained by warming of
the membrane surface and increase of Tdp.

The heat transfer between the body and its environment is expressed by
the heat balance equation (Bligh and Johnson, 1973):

S = M±E-(±W)±RiC±K

(W/m2)

(2)

where S = rate of storage of body heat, M = rate of metabolic free energy
production (always +), E = rate of evaporative heat transfer , W = rate of

work (+ for work against external forces, e.g. evaporation), R = rate of
radiant heat exchange, C = rate of convective heat transfer, K = rate of
conductive heat transfer. All symbols are expressed in watts ,W, per
unit body surface area (m2). At the skin surface the heat balance

equation is simplified to:

S = Ms±R±C + Es

(W/m2)

(3)

where Ms = net rate of metabolic heat transfer to skin surface,
and Es = net rate of evaporative heat transfer at skin surface. As R and C

accomplish the sensible heat exchange, Burton (Burton and Edholm, 1955)

has combined C and R as H and equation (3) is simplified to
S =M± H + E

(4)

in which H is the non-evaporative or sensible heat exchange and E the
evaporative or latent heat exchange. For steady state conditions of
clothed subjects Fanger (1972) has suggested the double equation:

M - E(j - Esw - Ere _ L = K = Rc] + Cc]
where E^ = heat loss by water vapor diffusion through the skin,

(5)

148

Esw = heat loss by evaporation of sweat from the surface of the skin., Ere
= latent respiration heat loss, L = dry respiration heat loss, K = heat

transfer from the skin to the outer surface of the clothed body
(conduction through clothing), and RC| and Cc] = heat loss by radiation and
convection from the outer surface of the clothed body.

The heat balance will be maintained by three types of function with
9 variables: Environmental: Ta, Tmr, pa, v; Clothing: lC], fcp Activity: M/Ap(
v (relative air velocity) and q (external mechanical efficiency of the

body). In this double equation the internal heat production minus the heat
loss from the skin by evaporation and respiratory tract is equal to the
heat conducted through the clothing and lost from the outer surfaces of
the clothing by radiation and convection.
The factors governing the heat exchange are (Kerslake, 1972):
Environment:

Air temperature
Mean radiant temperature
Sunlight
Dew point temperature
Water vapor pressure
Air movement
Barometric pressure

Clothing:

Insulation
Transmittance
Emittance
Absorptance
Water vapor permeability
Wind penetration and ventilation

Subject:

Internal temperature
Mean skin temperature
Mean body temperature
Insensible water loss
Sweat rate
Skin wettedness
Metabolic rate
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Surface area
Radiant area
Shape, size, physical movement
Projected area
Absorptance of the skin (sunlight)
Emittance of the skin (infrared)

Under simplified steady state conditions indoors Fanger ( 1972) has
listed six principal factors determining the heat balance:
Level of activity,
Thermal resistance of clothing,
Air temperature,
Mean radiant temperature,
Water vapor pressure of the air,
Relative air velocity,
Physical measurements of heat exchange require expensive equipment,
and are laborious and time consuming, Such investigations are limited to

specialized laboratories. The heat lost by the body Is directly measured
in a whole body calorimeter or calculated indirectly from the oxygen
consumption. The evaporative heat loss is calculated from the change in
the humidity ratio at the outlet of the calorimeter and measurement of
sweat secretion directly or from body weight loss (Hardy and Stolwijk,
1966). Work load levels are established by letting subjects work on
ergometers.

Sensible heat exchange
Conduction
The rate at which heat Is transferred by conduction (H) depends on the
temperature difference and the thermal resistance (R) of the mass:

H = (T1-T2)/R

The equation for linear flow of heat is:
K
dT/dt =--------d2T/dx2

p.

C

(6)

(7)
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where p Is the density, c the heat capacity per unit mass, p. c the heat
capacity per unit volume, x the distance.

Convection
The heat exchange by convection Is similar to that by conduction In
equation (8), The rate of heat transfer by convection per unit area, C, Is

related to the heat transfer coefficient and the difference of
temperatures of the surfaces
C = hc(T1-T2)

(8)

The convective heat transfer coefficient hc is defined as W/m2.*C.
Natural convection Is limited to air movement below and forced
convection to air movement above approximately 0.2 m/s.

Radiation
Heat transfer by radiation depends on the difference of the fourth powers
of the absolute temperatures of two surfaces Independent of the
intervening air and density. By approximation the rate of radiation heat

transfer per unit area, R, is related to the first power temperature
difference and the radiant heat transfer coefficient hr.

R = hr(Tt-T2)

(9)

The unit of hr is Wm2.’C. The basic environmental variables that govern

the exchange of heat by radiation are mean radiant temperature (Tmr) and
effective radiant field (Hr). Tmr Is defined as the temperature of an

imaginary isothermal black enclosure in which a human being would
exchange the same amount of heat by radiation as In the actual
nonuniform environment. Hr Is defined as the radiant energy exchanged by
a human being with the imaginary black enclosure of Tmr, if the
temperatures of his body surface and the air temperature are considered
to be the same (Gagge and Nishi, 1977).

The sensible heat exchange, H, of conduction, K, convection, C, and
radiation, R, in equations (6), (8) and (9) follows mathematically similar
laws. The total sensible heat transfer equals the heat flow through
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tissues and clothing. Burton (Edholm and Weiner, 1981 ) has expressed H
under the condition that Ta and Tmr are equal as

H

Tc-Ta

(IO)
aD

h-21 lt+lcl + ’a

where Ap = Dubois surface area, lt = insulation of tissues, lc1 = insulation
of clothing, la = Insulation of air; all Insulation values expressed In clo
units. When Ts Instead of core temperature Is used the equation is

simplified to

H/Ad = 5.5

(11)

The unit for the Insulation of clothing is the clo, a dimensionless
expression of the thermal resistance of the clothed body. One clo is that
thermal resistance which keeps a resting man comfortable with a heat
production M = 58 W/m2 at air temperature 21. *C and air movement v =
0.1 m/s. The mean thermal resistance is 0.155 *C/m 2.W (Gagge, Burton
and Bazett, 1941 ). The approximate lC] value of light summer clothing for
men consisting of long light-weight trousers and open neck shirt with

long sleeves is 0.5 clo and of a typical business suit including trousers
and Jacket, shirt, pants, underwear, socks, and shoes Is 1.0 clo. In
standardized experiments a garment of 0.6 clo Is used.The ratio of the
surface area of the clothed body to the surface area of the nude body Is
defined as clothing area factor, fcl. The clothing area factor varies from
fC] = 1.01 for a bikini to fC] = 1.3-1.5 for a polar weather suit.

Insensible heat exchange
Evaporation
Evaporation requires two processes, first the change from liquid to
vapor, second the diffusion of the vapor across the boundary layer into
the ambient alr.The diffusion process Is driven by the difference In vapor
concentrations and the quantity of vapor transferred In mass. The rate of
mass transfer per unit area, m, Is
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m = hD(CsCa)

(12)

where hD Is the mass transfer coefficient, Cs and Ca are the water vapor
concentrations at the surface of the skin and In the ambient air. The unit
of m Is kg/m2.s. When the water vapor concentrations are expressed as

water vapor pressure the rate of heat exchange by evaporation , E, Is
E = he(ps - pa)

(13)

The units of the convective heat transfer coefficient he are W/m2.kPa. In
most practical conditions the actual skin evaporative heat loss Is less
than the maximum rate, Emax, possible under the given conditions of Ts,

Ta, Twb» hc and lcio- The ratio of E/Emax Is expressed as wettedness
w = Eg/Emax = Aw/Aq

(14)

Skin wettedness, w, is the ratio of an equivalent skin area, Aw, which,
when covered with water, would produce the observed skin evaporative
heat loss, Es, to the total skin surface area Aq (Gagge and Nishi, 1977).

Skin wettedness Is at a minimum value when there Is only diffusion of
water vapor, E^ff, the Insensible perspiration, but no evaporative heat
loss by regulatory sweat. Emax and Ej^f are Inversely related, as Es

Increases E^f decreases to zero at Emax.
The evaporative heat loss E is expressed :
E

Ps " Pa

- = 5.0 -----------aD
\ Rcl + Ra

(15)

where Ps = mean vapor pressure of the skin, mm Hg, Pa= vapor pressure of
air, mm Hg, RC] = vapor resistance of clothing, Ra = vapor resistance of

ambient air In cm of still air (Edholm and Weiner, 1981).

The physics of heat exchange with regard to engineering and physiology
have been described In detail by ASHRAE (1972), Kerslake (1972), Fanger
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( 1972), Gagge and Nishi ( 1977), Grayson and Kuehn (1979) and Stolw 1 jk
and Hardy ( 1977).

TEMPERATURE REGULATION
The physical processes of heat fluxes are controlled and modified by
physiological or autonomic and behavioral or conscious temperature
regulation. Temperature regulation as a whole may be divided into the
responses to body cooling and to body heating. The autonomic responses
to body cooling are vasoconstriction and shivering, to body heating,

vasodilatation and sweating. The readiness, flexibility and endurance of
these responses depends on the individual autonomic regulation
capacities of the various organ systems. These are affected by a number
of variables such as age, gender, training, adaptation, malfunction and
disease. Through this autonomic regulation man can maintain his thermal
equilibrium in a temperature range from 17 to 31 *C during the day. In
the heat the autonomic regulation needs relief after some time depending
on the thermal gradient between the body and the environment to allow
for recovery from the strain. The relief is under the control of the
consciousness which directs the behavioral temperature regulation.
The conscious control of heat storage In man Is based on two
qualifications, thermal sensation and thermal comfort or discomfort.
Thermal sensation Is based on a rational experience while thermal
comfort Is a complex feeling resulting from the integration of various
thermal messages chiefly from Internal receptors. Thermal comfort

holds a central position in the individual for the conscious control of
thermal balance. Any deviation from the heat balance leads to cold or
warm discomfort. Hardy (1970) differentiates between general and
regional comfort and general and local discomfort which ends up In pain.
Thermal comfort Is defined by ASHRAE (1966) as "that condition of mind
which expresses satisfaction with the thermal environment".
Consequently discomfort is described as "the state of mind which
expresses irritation and dissatisfaction with the thermal environment"
(Hardy, 1970, p.865). The terms comfort and discomfort are not limited

to thermal feelings alone but may involve a host of other kinds of
sensations relating to the state of the body and its regulation for which
sense organs do not exist. General comfort depends on the Impact of the
entire environment including all the physiological and sociopsychological
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factors which affect man throughout his life (Stolwijk and Hardy, 1967).
The term comfort was first used in the late 18th century in England to
describe the socioeconomic conditions of the well-to-do bourgeois class.

It Is now used in the general context of health as a synonyn for well
being. Comfort refers to feeling healthy, fit, pleasant and satisfied, and
discomfort to feeling disturbed, irritated, unfit, sick, unpleasant,
dissatisfied or simply uncomfortable. In the case of mental disturbance
and disease It may be difficult to separate thermal comfort from general
comfort depending on the given conditions outside and within the body.
Thermal comfort Is an integrated part of general comfort just as
biometeorology is an Integrated part of ecology (Sargent, 1966). Hardy
has put thermal comfort on a par with health (ASHRAE, 1972).
Plain thermal comfort can be reported only under strictly standardized
and defined experimental conditions, such as direct determination of
preferred temperature or the use of rating scales In climatic chambers
(McIntyre, 1978). Field surveys In homes, offices, factories and outdoors
cannot exclude other influences and conditioning factors which affect
comfort in general and thus infringe upon the feeling of thermal comfort.
Field test samples of individuals are never as carefully selected and
uniform as In experimental studies. Therefore In field studies complex
questionnaires and enlarged scales for rating comfort are used
(Mehrabian and Russell, 1974; von Zerssen, 1975).
Thermal comfort is closely correlated with skin and core temperatures,
and heart and sweating rates (Winslow, Herrington and Gagge, 1937;
Fanger, 1972). This concept of correlation has Instigated the numerous
thermal indices (ASHRAE, 1972). The Ts of comfort by area is 345 *C for

the head, 34.3 *C for the upper extremities, 33.9 *C for the trunk and
33.3 ‘C for the lower extremities. The range of mean skin temperatures
of comfort Is from 31.1 to 33.8 *C. Lower and higher Ts lead over to
discomfort.
In many studies the recording of individual votes on the feeling of

comfort has replaced the laborious physiological measurements.
Chatonnet and Cabanac (1965) have given experimental evidence that the
thermal sensation is governed by skin temperature and thermal comfort
by Internal temperature (Hensel, 1981). An experiment by Mower (1976)
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Fig.2. Group mean category votes on thermal sensation (A) and comfort (B)under three
conditions of botytemperature. (From Mower, 1976).

in Fig. 2 illustrates the point. Thermal sensation is presented in the

upper part and thermal comfort in the lower part of Fig. 2. For the hand
bath temperature the same thermal sensation of warm and cold is
reported independently of whether the subjects were hypothermic,
normothermic or hyperthermic. For a hyperthermic subject in warm
discomfort the hot water is unpleasant but for a hypothermic subject In
cold discomfort pleasant for the hand and vice versa. A normothermic
Individual will Judge the cold and hot water as being between unpleasant
and very unpleasant.
The distinction between the two evaluations is often Ignored or obscured
by mixing up the scales (Table 1 ). The thermal sensation is expressed by

the ASHRAE scale, the thermal comfort by the Bedford scale (Chrenko,
1974), and discomfort by the Hardy scale. The numbers are used to
replace the nominal scale for analytical purposes. Winslow, Herrington
and Gagge (1937) have used a 5-point comfort scale: very pleasant pleasant - indifferent - unpleasant - very unpleasant which has been
replaced by the discomfort scale (Gagge, Stolwijk and Hardy, 1967).
Point 4 In the 7-point scale illustrates that neutral and comfortable
mean the same when the body heat is so well balanced that a minimum of
regulation is required by vasoconstriction, vasodilatation and sweating.
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Table I. Heat balance evaluation scales.
ASHRAE (1966)

Bedford (1936)

Gagge et al. (1967)

1

cold

much to cool

comfortable

2

cool

too cool

slightly uncomfortable

3

slightly cool

comfortably cool

uncomfortable

4

neutral

comfortable

very uncomfortable

5

slightly warm

comfortably warm

6

warm

too warm

7

hot

much too warm

A 9-category rating scale for thermal sensation has been applied by
Rholes and Wells (1977) by adding very cold and very hot. Fanger ( 1972)

has modified the ASHRAE scale by setting the neutral category 4 as 0
with cold 1 to 3 as
and warm 1 to 3 as
Individual votes are
assessed as means of the category number which may serve In
correlation studies. Fanger (1972) transformed calculated percentages of
category votes on the cold and on the warm side using probit
transformation. He arrived at estimates of the percentage of people who
at a given deviation from neutral would be thermally dissatisfied. With
such group evaluations the individual heat balances to which comfort
refers are converted Into a percentage of a sample In which the actual
response of the Individual Is unknown.

The thermal sensation depends on the previous temperature niveau, the
quantity of the temperature change (dT), the direction and speed of the
temperature change and the size of the stimulated area (Hensel, 1981 ). In
every language the estimate of the environment Is affected by the choice
of words. Gagge, Stolwljk and Hardy (1967) have plotted votes on the
qualifications pleasantness, comfort and thermal sensation with
temperature (Fig.3). For the nude man above and below 28 *C the
sensation "comfortable" extends from the temperature sensation
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AMBIENT

AIR

TEMPERATURE-*C

Fig.3. Variation of votes on comfort o , pleasantness o , and thermal sensation • at
different ambient air temperatures. (From Gagge, Stolwijk and Hard/, 1967).

"neutral" beyond the categories cool and warm; cold and hot are always
associated with "slightly uncomfortable" or "uncomfortable". Discomfort
increases more rapidly at temperatures below 28 ’C than above 30 *C.
Thermal sensation increases equally rapidly on the cold and on the warm
side. In cold environments discomfort correlates best with mean skin
temperature and In warm environments with sweating.
Discomfort Is associated with a_divergence of m_ean body temperature
from 36.8 ‘C (calculated as 1:9 Ts:Te which is a Ts of 33.0 *C and

tympanic temperature of 36.9 *C ) when a subject changes from neutral
to cold or warm. At Ts between 31 *C and 35.5 ’C 1 itt 1 e discomfort is

observed during thermal transients. Comfort and thermal sensation are
linked with the direction of the change. With change from cold or warm
to neutral, both qualifications can compensate and predominate
consecutively over the feeling of discomfort caused by low skin
temperature or lower or higher core temperature. The change from
discomfort to comfort occurs before the body temperatures have been
adjusted and Is thus anticipatory or leading (Gagge, Stolwijk and Hardy,
1967). Any temperature changes in the direction of restoring the mean
body temperature will quickly restore the feeling of comfort even though
the level of Tb may still well be outside the comfort range. This
hysteresis effect Is most pronounced In the cold, where man depends
more on behavior temperature regulation than in the heat where man
regulates primarily autonomlcally through sweating. There is also a
temporal separation of the sensations of comfort and temperature with
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change from cold to neutral because the feeling of comfort sets in
rapidly while the thermal sensation follows with some delay.
THE STRUCTURE OF TEMPERATURE REGULATION

The modes of temperature regulation can be viewed in a hierarchical

order. This was first Indicated by Chatonnet and Cabanac (1965 ) using
simple neurophysiological models which were enlarged by Cabanac
(1972), Bligh (1973) and Hensel (1981, p. 13). The models suggest a
vertical separation of behavioral and autonomic temperature regulation
(Fig.4). The advantage is that the consciousness In control of behavior
temperature regulation can spare and protect the autonomic temperature
regulation with Its greatly limited potentials in extent and endurance. It
can also be a disadvantage when inapt, adverse or no effector behavior
action Is taken. The stimulation of the consciousness to activate
behavioral temperature regulation is quicker in the cold than in the heat.
A shift from neutral to cold Is immediately sensed and behavioral
responses will be instigated to assist or replace autonomic regulation. In
the heat autonomic regulation with sweating is sensed only after some
time and depends on the skin wettedness. While cold discomfort is
affected little by season and latitude, warm discomfort Is affected
significantly by both because of the adaptive capacity of sweating
(Rholes, Hayter and Berglund, 1977).
A more advanced and Involved model of psycho-physiological control of
temperature regulation from an ecological point of view has been
suggested by Auliciems (1982). Welhe (1985) has Introduced a two-level
model (Fig.4) which he later extended to a four-level model (Welhe,
1987, in this volume).

In the simplified model of the intact individual in Fig.4 the lowest level
is the body at which the autonomic temperature regulation takes place. It
Includes the stimulation of the peripheral and Internal thermal
receptors, the assessment of the messages in the thermoregulatory
centres and the thermoregulatory effector responses such as
vasodilatation and sweating in the heat and vasoconstriction and
shivering in the cold. The heart, the respiratory system and other related
regulations such as water metabolism are involved in the control or
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clothing, heating, cooling, eating, moving, etc.
BEHAVIORAL

CONSCIOUSNESS
thermopreferendum, education, customs
thermal sensation
comfort
discomfort

I
vasoactlvlty, shivering, ventilation, sweating
AUTONOMIC

BODY

Thermoreceptors
cutaneous

internal

CNS

ATMOSPHERE
air temperature, radiant temperature,
water vapor pressure, relative air velocity

Fig.4. Model of hierarchical order of temperature regulation. (After Weihe, 1985).

restoration of the heat balance. When the thermal stimulus exceeds a
certain strength it will be registered by the consciousness, in the cold
earlier than in the heat. Messages are registered as awareness of simple
qualifications such as cold and warm and complex qualifications such as
comfort, discomfort or pain. Effector actions are by behavior to seek or
to sustain comfort and to avoid discomfort. These effector actions of
behavioral temperature regulation may not be reasonable but can be
further upsetting or adverse for whatever reason. Disease may thus be
instigated or aggravated by false behavior facilitating cooling or
overheating Instead of reestablishing or maintaining the heat balance.
Man is far superior to animals in the size of the repertoire of behaviors
and In his ability to apply them (Cabanac, 1972; Satinoff and Hendersen,
1977). Behavior temperature regulation Includes voluntary food intake or
fasting, voluntary physical activity or rest, changing body posture,
putting on or taking off clothing, the searching for shelter, heating up or
cooling the living space and other behaviors alone or In combination. The
variety of behaviors Increases the more the consciousness is guided by
reasonable thinking. The awareness of comfort or discomfort enables the
individual to activate behaviors that serve to support and direct the
autonomic regulation. The behaviors are guided by and large by the
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thermopreferendum, defined as "the thermal condition which an

individual organism or a species selects for its ambient environment in
natural or experimental conditions" (Bligh and Johnson, 1973). For man

the term thermopreferendum has a wider connotation which Includes
Individual attitude to means of achieving thermal comfort and avoiding
discomfort, and the various forms of adaptation or adaptive modification

(Weihe, 1982) to climatic conditions, old age, ailments or disease,
habituation, habits, customs, experiences, awareness of available
choices and limits, e.g choice of clothing, intellectual training, education
and cultural tradition. Auliciems (1982) has summarized some of these
elements as climato-cultural determinants. Recently they have been
designated as "the style of life". Auliciems also introduced the term

thermal expectation which directs behavioral responses on the basis of
experience. The thermopreferendum of an individual together with
thermal expectation establishes a set point for comfort and the standard
by which means and behaviors the comfort should be reached.lt Is
somatically affected by the body shape and surface to mass ratio. Some
like it cool others hot, some like more some less insulation with
clothing. There are different Individual and group thermopreferenda
indicating that individuals as well as populations on a global scale have
different behaviors and Ideas about the control of their thermal balance
under very different climatic conditions.
DYNAMIC THERMAL CONDITIONS
In dally life there is permanent thermal unrest from changes In the
ambient, the individual or in both. Man can intentionally arrange for a

temporary steady-state heat balance under standardized conditions of
rest or balanced work in a climatic chamber. The longest daily period of
nearly steady state conditions is during sleep but even then the heat
capacity changes with the rhythmic lowering of core temperature during
the night. It must be assumed that deep sleep depends on comfort though
it has been observed that shivering as a sign of discomfort during sleep
did not arouse subjects. Due to the continual regular and Irregular
changes In the ambient and In the Individual, non-steady state conditions
are the rule and steady-state conditions the exception.
The four basic factors of the thermal environment change continuously
through the hour, the day, the season and the year. Even indoors entirely
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constant conditions cannot be established for any length of time because
of the Impact of the outdoor weather conditions on the dwelling. Man

changes between indoors and outdoors at irregular intervals. The Image
of stability in the atmoshere as suggested by climatological data does
not reflect the continuous succession of thermal transients to which
man is passively and actively exposed. In the climatological assessment
these fluctuations of meteorological factors within a climate are the
more reduced the larger the sample size. Currently efforts are being
made to reveal the dynamics as expressed In weather changes by
presenting the deviations from the averages or median values (Primault,
see Weihe in this volume). The dynamics of changes are the stimuli to
which the body has to respond with physiological and behavioral
regulation.
Table 2.

Dally energy expenditure of a standard man weighing 65 kg and 25 years old. ( From
Edholm and Weiner, 1981, p.65).

Time spent

Activity

Energy Expenditure
Mean Rate
Total
(kcal/min)
(kcal)

8h

at work, mostly

2.5

1200

standing

leisure time

8h

1 h

pottering

2.0

120

0.5 h

walking

5.0

150

4h

sitting

1.4

320

1.5h

domestic work

5.0

450

rest in bed

1.1

8h

24-h total

1040

530

2770

There is also the never ending sequence of changes and irregularities
that occur in the body in daily life. Table 2 presents sums of energy
expenditure of a standard man for the three principal periods of the day,
work, leisure and rest. Energy expenditure during walking and domestic
work Is 3.5 times higher than when sitting. The Importance of the level
of work is demonstrated in Table 3. For a sedentary occupation only 33 %
of the total daily energy is used on the job, compared with A8% for an
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Table 3. Daily energy expenditure in kcal in various kinds of employment.
(From Edholm and Weiner, 1981, p.63 ).

Sedentary

Industrial

Manual

At work

800

1200

2600

At home

1000

800

800

500

500

400

2300

2500

3800

35

48

68

In bed
Total
% on the job

industrial worker and 68$ for a manual worker. The demand on
temperature regulation at work and at rest in bed differs greatly because
of the shift in heat production. At rest the maximum relative heat
production is located in the chest and abdomen, at work in skin and
muscle (Table 4). The highest heat production at rest is in the kidneys,
the next highest in the heart and diaphragm (Aschoff and Wever, 1958).
Table 4. Relative heat production at rest and at work. (From Aschoff and Wever, 1966 ).
Heat Production
%
at rest
st work

Weight
%

Brain

16

3

2

Chest and Abdomen

56

22

6

Skin and Muscle

18

73

52

Bones etc.

10

2

40

Work and clothing cause remarkable shifts of neutral temperatures
(Table 5). The higher the work load and the thermal resistance from
Table 5. Neutral temperatures in relation to work levels and clothing insulation.
(After Wenzel and Piekarski, 1982).
Insulation
clo

400

Energy Consumption, kJ/h
750
1150

0.1

29

26

22

1.5

21

13

4
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clothing, the lower is the neutral temperature, and the lower the work
load and the ambient temperature the higher will be the clothing
insulation required to maintain the heat balance (Fig. 5). For the low
temperature of -40 *C in continental winter climates and moderate
activity of 2.0 met clothing of 5 clo would be required.

TEMPERATURE
Ffg.5. Relationship between work, air temperature and clothing Insulation required for
thermal neutrality. 1 met = 58.2 W/m2. (From Wenzel andPiekarski, 1982).

In tropical climates the direct solar radiation area of man is of great

significance for the control of the heat balance, changing with altitude
of the sun and posture.The direct solar energy incident as the product of
the direct radiation area and normal solar intensity of the upright

standing person is lowest at dawn, noon and dusk and highest midmorning and mid-afternoon (Underwood and Ward, 1966). Though solar
intensity is highest at noon, the direct flux is lowest because of the very
small size of the Incident area. The direct radiation area is modified

greatly by the change of posture. At noon the incident flux was found to
be 5 times larger for a person in a prone than in an erect position (Ward
and Underwood, 1967). At 90
*
solar altitude the direct solar radiation
area In the planting posture would Increase by factor 3.8 over that in the
upright posture, while at 0 to 10
* solar altitude it would decrease (Ward
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and Underwood, 1967). These facts are utilized empirically by people

when deciding on the hours of working In the sun.

Heat fluxes are always unevenly distributed over the body surface
because the skin temperature is different in distal and proximal parts
(Fig. 1 ), and the convective heat transfer coefficients vary according to
shape of the surfaces. Radiative fluxes vary between laterally and
medially directed surfaces where radiant exchanges exist as between the
arms and the trunk and between the legs. Infrared photographs of the
face reveal differences of 5 *C, the warmest region being over the
sinuses and the coolest over the eyes and nostrils. In the upright position
convective flow currents around the body increase in velocity from feet
to head from a few cm/s to over 20 cm/s in still air while the air in the
boundary layer is warmed up. The heat loss is higher from the lower than
from the upper part of the standing body. While the feet are cooled the
' head is surrounded by an envelope of heated air. The convective heat loss
In the prone position is about 3o % higher than In the upright position as
heat currents escape directly.
Asymmetric heating and cooling of the body Is the normal situation. It is
noticed as thermal sensation but may not affect thermal comfort even In
extreme unilateral radiant fields as long as the Internal temperature can
be maintained normal. The heat load during sunbathing in the prone
position providing a large direct radiation area is compensated by the
heat fluxes from the back area to the cool ground. Asymétrie heat fluxes
of large differences between front and back build up during sunbathing on
a snow covered slope In the high mountains at Ta at or below freezing.
Asymmetric heat flux conditions are coupled with widely varying heat

content in the affected local body compartments. Desirable limits for
magnitude and duration of thermal asymmetry with regard to comfort are
not known. They are different for healthy people and those with regional
ailments of the joints and muscles.

Adaptation and Comfort
Adaptation to the thermal conditions, both autonomic and behavioral,
plays a significant role as a modifier in the efficiency of temperature
regulation (Weihe, 1982). Autonomic adaptation through sweating is a
modifier of comfort and tolerance of particular importance in the heat.
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The sweat rate of male UK subjects before heat adaptation was 200 ml
after adaptation 500 ml, of male Israelis 120 ml in winter, 330 ml in
summer, and of female Israelis 50 ml In winter and 130 ml In summer
(cit. Edholm and Weiner, 1981, p. 153). The Increase of core temperature
during heavy work, exercise or In the heat Is less with physical training
or repeated heat exposure. Adaptation to heat Increases the heat
tolerance of working semi-nude men at the upper limit of the desirable
temperature zone by ET 2.5 *C. The hand temperature of subjects will
Increase with time in the cold as a sign of cold adaptation. Metabolic
adaptation, which Is a powerful mechanism In animals, does not occur In
man. Cold acclimatization of man is behavioral by means of clothing.
Autonomic adaptation extends the human comfort range into the heat
more than into the cold. When there Is heat adaptation there is a loss of
cold tolerance and vice versa.

HEAT BALANCE OF MAN ON A GLOBAL SCALE
Coping with thermal transients is required In all climates. Short-term
transients In tropical climates are changes between shade and sun and

between day and night. Short-, medium and long-term transients in
temperate climates are weather and seasons.

Fig.6. Relationship between mean monthly temperatures and thermal neutralities ( 4») of man
from global field surveys. (After Auliciems, 1982).
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From indoor Investigations of sedentary subjects dressed with 0.6 clo in

steady-states Fanger (1972) has suggested that thermal comfort is the

same world-wide at 23 *C. Such investigations are unrealistic. When all
variables of the temperature regulation model (Fig.4) operate freely, in
particular seasonal thermal adaptation and style of life, the actual
comfort range is much wider. Neutrality temperatures in the tropics have
been reported to be up to 31 *C. Humphreys ( 1976) has plotted neutral

temperatures resulting from combined autonomic and behavioral
temperature regulation in different world climates against mean
monthly temperatures. Aullciems (1982) repeating this correlation with
more data found that the regression Is highly significant (Flg.6). The
lowest possible predicted group neutrality is 17 ’C the highest 31 *C
allowing for additional clothing in the cold and removal of clothing in the
heat. With the free operation of all effectors of autonomic and behavioral
temperature regulation Including the particular thermopreferendum, he
concluded that there Is a range of 14 *C from 17 to 31 *C within which
thermal neutralities can be established without discomfort (Fig.6).
Disturbances and hazards to health of normal and incapacitated people
acclimatized to natural conditions which Increase In Incidence and
severity below 17 ‘C and above 31 *C are listed below.

< 17 ’C
Sudden heart death
Heart failure
Stroke

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

> 31 'C
Hypotension
Sudden heart death
Hyperthermia
Heart failure
Tachycardia
Heatstroke
Heart insufficiency
Inappetence
Hypohydrosis
Hydromeiosis
Fatigue
Indolence
Lethargy
Increased irritability
Reduced learning capacity
Impaired memory
Depression

A condition for the continuous tolerance of high daily temperatures is
that there will be a diurnal heat relief through cooling at night. If this Is
Insufficient as In hot city climates a recovery of the autonomic heat
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regulation is impeded and the shift to negative heat storage maintained

with a great burden on the cardiovascular system (Weihe, 1985).
CONCLUSION
The heat balance of man is based on the maintenance of a constant

temperature in the core and variable temperature in the shell of the body
in the exchange of heat between the surface of the skin and the
environment. The heat transfer between the body and the environment
follows physical laws. It is modified by autonomic and behavioral
temperature regulation with prevention of heat loss in the cold and

improvement of heat loss in the heat. The many systems and modes of
regulation provide a high measure of independence of the human
individual from the thermal physical environment. The control of the heat
balance of the human being depends on the central thermoregulation
center and the consciousness with the feelings of comfort and
discomfort serving as sensitive and reliable indicators of the state of
the heat content of the body. Comfort signals a balanced heat exchange
which is a necessary condition for health and well-being.
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HEALTH MID THE HEAT BALANCE OF THE HUNAN BODY
B.A. Aizenshtat
The V.A. Bugaev Central Asian Regional Research Institute
Tashkent, USSR

Introduction

People constantly experience the influence of different environmental
factors such as thermal, noise and light. The state and general condition of
man therefore depends on the response to a whole set of environmental factors
which are dissimilar in nature and their effects are therefore often not
comparable.
Among all types of environmental effects on man the most important are
those which determine his thermal state. This is connected with the
fundamental biological nature of man being a homeothermal organism which is
characterized by the high stability of its internal temperature.
The thermal effect of the environment is experienced by man during all
his life, just as he constantly relates to the atmospheric pressure and the
gravitational force of the Earth. Environmental thermal conditions and the
response of the human organism to them are basic for man's existence on the
Earth.

The human organism has a well designed system of temperature
regulation which was developed during the process of evolution.
The
potentialities of the system however are limited. A high stress on the
temperature regulating system occurs under exposure to great heat, and in
extreme situations when the system is not able to provide its protective
function, overheating of the organism takes place leading to serious damage of
the regulating systems (thermal homeostasis).
Man's general condition and health, his capacity for work and
productivity, as well as his potential for different types of physical and
mental work are greatly dependent on the level of the heat balance of the
organism (Kondor, Demina and Ratner, 1974). It is stated by Krichagin (1966)
that when the heat load expressed by the value of sweating rate is 240-400 g/h
(sweat per hour) the capacity for work decreases by 10-20% during 6-8 hours;
when the sweating rate is 400-750 g/h the work capacity decreases by 50% and
more already in 3-4 hours; when this value exceeds 700 g/h the reduction is
50% or more in only 30 min. The mental capacity for work decreases even
sooner than the physical one when the heat (cold) load increases (Kondor et
al., 1974). As the environmental thermal effect on the human organism is
considered to be of the utmost importance, biometeorology pays special
attention to the analysis of thermal impacts.
Heat balance of the human body

One of the methods which is scientifically best suited for assessment
of the human heat state and hence is given priority, is the heat balance
method which accounts for all the gains and losses of heat in the body. The
equation of heat balance expresses the need for equality in the gain and loss
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of heat. It characterizes the condition of heat balance between a body and
its environment. It should be stressed that heat balance can exist both under
intense and weak heat loads. The heat balance at the optimal thermal level
corresponds to man's heat comfort condition. If the upper limit of the
potential temperature regulation capacity appears to be exceeded, the heat
balance is disturbed, and a large stress on physiological functions may occur
resulting in serious decrease of them and with a possible lethal outcome.
However, even in cases when the limit of potential temperature regulation is
not exceeded, but man experiences high thermal or cold loads for a long time,
the strained process of temperature regulation itself may have an adverse
effect on human health. Prolonged hyperthermia may result in deviations of
the function of the most important physiological systems, e.g. the
cardiovascular, respiratory, digestive, central nervous and some other
systems. A prolonged exposure to cold may lead to damage of the respiratory
tract system which remains unprotected against the effect of cold air.

Heat balance of man characterizes the level of the thermal effect on
the body and determines both the thermal condition and the tendency for those
different diseases which are related in some degree to the thermal regime.
The heat balance method makes it possible to assess objectively the thermal
state of man. It involves, however, certain criteria which characterize
quantitatively the degree of deviation from the thermal optimum of the body.
The heat balance method
The heat balance method is applied for the solution of those problems
of biometeorology which refer to man's protection of health, health resort
science, urban building, tourism, sports, as well as to various types of
working activities. It is quite clear that the applied biometeorological
problems are also closely connected with the climatic conditions of a given
locality. So, a quantitative assessment of the heat load on a body and the
study of ways for decreasing the excessive heat gain are major
biometeorological problems particularly in the low-latitude zones with hot
climates, as in the Central Asian part of the USSR. These problems have been
carefully investigated in the V.A. Bugaev Central Asian Regional Research
Institute in Tashkent (Aizenshtat, 1964, 1971, 1973, 1978, 1982) using the
heat balance method as the basic approach.

In the Northeim regions, the most important problem of thermal
biometeorology is the assessment of body heat losses and the use of
appropriate types of clothing. For this reason the A.I. Voeikov Main
Geophysical Observatory has carried out a set of studies to assess the thermal
isolating properties of the clothing which provides man's thermal comfort.
The general equation for the heat balance of the human being, which
enables a condition of thermal equilibrium, can be presented as follows:

FLE = FR,W + FRi„ + FP + Pi + LEi + M,

where F
R.w, Riw

-

P

-

Pi

-

[1]

the effective surface of the body, m2
respectively the shortwave and longwave radiation of
the body, Wm'2,
the convective heat exchange between the body and the
ambient air, Wm ,
heat exchange in lungs with inhaled air, W,
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LEi

-

M
LE

-

L
E

-

evaporative heat losses from the surface of respiratory
ducts, W,
the body heat production, W,
heat losses during sweat evaporation from the body
surface unit, Wm-2,
latent heat of evaporation, Whg~1.
evaporation, g/h

The equation of the heat balance shows that the value of FLE
represents the amount of excessive heat when overheating is removed from the
body by sweat evaporation.

With heat losses, FLE characterizes the amount of heat which should be
additionally produced in an organism or which should be saved by the
appropriate type of clothing. Thus, the value FLE, or the value of the sweat
evaporation FE in g/h equivalent to it, is used as the main characteristic of
the heat load on a body. This characteristic can be computed by the
formula (Aizenshtat, 1964) with an accuracy sufficiently high for the solution
of many biociimatological problems.

The type of formula used for FRSW depends on the accepted
geometrical model of a human body. For a model shaped like a vertical
cylinder with a height six times the diameter, the author has found a
relationship (Aizenshtat, 1964, 1973) as follows:

for a body of a sphere type model:

f/?qw =o.sr(^jis)^

tsi

for both types of model:

FR.

/o oJ

looj

w

or in simplified form (linear approximation):

=0.5Cfl(i^tSK-2ts)

[51

where S

-

direct solar radiation perpendicular to the surface,
W m-2,

h

-

sun inclination over a horizon line, in degrees,

D

-

diffuse solar radiation, W.m'2,

z

-

reflected solar radiation, W«m~2,

tg

-

soil surface temperature, °C,

tsk

-

sky radiative temperature, °C,

t,

-

mean skin temperature (ts*-'33°C),

Tg,Tsk,T,

-

corresponding temperatures in °K,
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À,

^^T3

-

skin albedo,

-

a coefficient characterizing radiant heat exchange
between a body and environment, W.m-2deg_l

-

radiative capacity of skin and environment elements

0.95 b
-

Stephan-Boltzman constant, *
W»m 2.deg'4

(ta -tS) (1,/^
where t

-

air temperature, °C,

-

heat exchange coefficient, W»m~2.deg"1,

-

atmospheric pressure, hPa,

-

sea level atmospheric pressure, hPa,

= O.OOOO2 1/^ & (^a Z^ =0,0287
where

[6]

(e-2^,

, VV

[7]
[8]

vV

W£

-

the minute volume of breath
(at rest Wi is 6-8 l«min-1),

t£

-

temperature of the expiratory air (t £

e

-

partial water vapour pressure of ambient air,

e£

-

partial water vapour pressure in the expiratory air,
e£ = 56.3 hPa.

35°C),

Assessing the thermal state of man
A method has been developed to compute the thermal load on a man
taking solar or air baths in an horizontal position (6). This method allows
one to make a more rational dosing of heliotherapeutic treatment, taking into
account the thermal state of man.

To assess the degree of stress of man's temperature regulation system
we use an index G as a ratio between the necessary value of the sweating rate
FE and the maximum possible FEmax in the given meteorological situation:

where

e
max

e

-

the evaporation coefficient, W.m'2.hPa-1,

-

the maximum partial water vapour pressure at the skin
temperature, hPa,

-

partial water vapour pressure, hPa.
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This index is quite sensitive to wind speed and air humidity, and it may
characterize stuffy conditions. When G = 50-60%, a high stress on the
temperature regulation mechanism is observed. When G is close to 100%, a risk
of overheating appears because in this case the possible limits of temperature
regulation by sweat evaporation (FEmax - FE) are quite limited.
It should be stressed that the basic heat balance formula (Aizenshtat,
1964) refers to the simplest case when man is in a completely open location.
This formula is useful for determining the geographical distribution of the
indices of man's heat state or the background bioclimate of settlements.
Actually, man usually finds himself exposed to different sources of
diffuse radiative flux. In cities for instance there are, besides such fluxes
inherent to any open area, diffuse radiation fluxes to the human body emitted
as reflected or thermal radiation from different elements of the urban
environment. The urban area is characterized by the inhomogeinity of its
radiation field which depends upon the physical properties and geometric form
of various urban objects, as well as on the mutual location and insolation
regime of horizontal and vertical surfaces having different orientations.
Thus, in a city there are great local variations in man's thermal state which
should be considered in order to achieve a proper biothermal assessment of the
urban envi ronment.

Estimating thermal effects of urban environment elements
An analytical method has been developed for estimation of the
radiative and thermal effects of various urban environment elements on a human
being located at different distances from the objects (Aizenshtat, 1971a).
The problems have been solved for the design of various types of buildings,
planted trees and water bodies as well as for their combinations, which
characterize the individual urban landscapes. To solve these problems the
method of heat balance was applied taking into account various factors (or
coefficients of shape) which characterize the radiative interaction between
urban objects and man.
Let us look at some results of these computations which refer to a hot
summer day:

-

The shadow from a single tree decreases sweating by 500-550 g/h.
The shadow from a continuous set of trees decreases sweat losses by
600-650 g/h.
A wall 12 m high lighted by the sun increases man's sweating rate
at the wall by 200 g/h.
If a person is near a body of water his sweating rate decreases by
200-250 g/h. The greater the distance between the shoreline and a
person, the less is the cooling effect of the body of water, and at
a distance of 5-8 m it disappears.

A method has also been developed to estimate the so called "threshold
distance", which allows the computation or graphic determination of the
distance from a local radiation source from which its influence is not felt
(Aizenshtat, 1971a). This criterion may be useful for solving a number of
problems of urban building design connected with the selection of optimal
solutions for construction, as well as for the assessment of man's hygienic
living conditions in an urban environment. In some conditions when the urban
environment is quite complex and could not be approximated in the form of
simple geometric analogues, the computation methods of the human thermal state
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become very complicated. Modelling the human body as a sphere or a cylinder
for such conditions has proven to be a method which makes it possible to
assess the value of thermal load by means of simple observations, without
measurements of the radiation fluxes (Aizenshtat, 1978a). The thermal load
can easily be assessed with a special nomogramm using temperature and wind
speed data on a sphere or cylinder (Fig. 1), or it may be computed by the
formula:

rr-f
where TB/C

[10]

-

is the temperature of a flesh-coloured sphere or
cylinder, °C,

-

Is the coefficient of heat exchange between a body
and the air, W«m"‘2.deg
*
1.

Application to studies in Tashkent
The cylinder method has wide applications in bioclimatic studies of
the landscape of Tashkent city (Aizenshtat and Lukina, 1982). The values of
heat load have been estimated for open areas and parks, for squares and lawns,
for streets, canyons with and without trees and shrubs and in combination with
vertical and inclined fountains, as well as for buildings - both under
insolation and in the shade.

It was found that in a city located in a southern climate, a major
. effect may be produced by green plants which give dense shadow. In such
conditions heat load, expressed in sweating rate values, is 500-600 g/h lower
than in an open area. The great spatial variability of the thermal load in a
city may be demonstrated by a bioclimatic profile of Tashkent, which shows
alternations of zones with high heat load in the insolated areas and zones
shadowed by trees, where the biothermal conditions are close to the comfort
level.

Powerful fountains, especially those which have inclined spurs, may
lower the heat load considerably (by 450-550 g/h of sweat), but their effect
is felt over a limited distance (about 50-70 m).
Temperature regulation functions in extreme climates
All temperature regulation functions clearly show themselves under
extreme climatic conditions, such as in hot deserts, humid tropics and in high
latitudes. In the deserts, a body receives a great amount of exogenous heat,
which at temperatures of about 33-35°C can be dissipated only by means of
sweat evaporation. In such regions the major input to a body is from
radiative fluxes which, during the daytime are about 5-7 times as large as the
convective heat input. It should be noted that man is not usually able to
make a preference for the convective heat flux from among the large number of
radiative fluxes, because he is simply not aware of the latter source of
heat. On hot, especially hot cloudy days, radiation from the atmosphere
amounts to about half of the total radiation (about 420 W.m'2) thus
substantially increasing man's heat load.
The dry air of the deserts, together with the winds, promote intense
sweat evaporation, thereby facilitating the process of heat loss. This is why
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FLE W

Fig. 1:

Nomogram for estimation of heat loading FLE and FE on
a body using temperature of a sphere or a cylinder t
$'C
(when F = 1.5 tn . M = 93 W) for a naked man.
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the low air humidity in deserts should be considered as a favourable factor
for life despite the fact that drying of the mucous membrane of the
respiratory duct may occur.
Great losses of water, due to sweat evaporation, damage the salt
balance of the organism. Evaporative water losses should be compensated for
by water consumption (and appropriate salts). Hence the heat load expressed
in sweating rate units determines the requirement for fresh water. However,
in desert conditions there are frequent situations when the possibilities for
obtaining timely and sufficient amounts of water are limited. Heat and
reduced water intake lead to dehydration and heat exhaustion. They manifest
themselves in the following symptoms (Adolf et al, 1947):

-

A feeling of indisposition and thermal depression appear;
Restless state and (or) sleepiness;
Weakness (desire to sit down or lie down);
Rapid muscle fatigue;
Increase of the body temperature;
Rapid pulse, increase of blood concentration.

Water deficit also affects the blood circulation, which is one of the
major reasons for increasing functional disorder in a human organism.

Heat load in Central Asia
Computations made for a number of locations in Central Asia have
permitted us to determine the spatial distribution of the indices FE(g/h) and
G (%) over this territory. The highest values of heat load are observed in
the south of Central Asia, in a region of the sandy desert, Karakum: in July
they reach 850-900 g/h of sweat loss on average, and on some hot days they can
exceed 1200 g/h. In spite of such a high input of exogeneous heat the index G
does not usually exceed 80%, due to the dryness of the air and winds which
indicate the availability of certain reserves for the temperature regulation
of the human body under such conditions. Further to the north, the heat load
decreases but still remains rather high (650 g/h at the latitude of the Aral
Sea). The mountainous regions, within the altitudinal range of 1,200-1,800 m,
are characterized by favourable biothermal conditions. In this mountainous
zone health resorts are widespread.
Heat load in Africa

Africa is characterized by considerable climatic differences.
Climatic contrasts are clearly seen between the Central region of North
Africa, with its dry, extremely hot, continental climate, and the equatorial
zone, with lower temperatures, but very high air humidity. Because of this
situation it was considered important to establish the major peculiarities of
the thermal regime of the bioclimate of the African continent also.
The values of the heat load in different parts of the African
continent are given in Table 1. The values of FE (g/h) and G (%) have been
computed using the method of heat balance for the hottest months, assuming a
clear sky. The computations (Borisenkov, 1984; Lebedev, 1977) were based on
the average monthly maximums of air temperature, and corresponding values for
partial water vapour pressure and radiation characteristics: wind speeds were
adjusted to a height of 1.5 m. Table 1 also presents the heat load values
computed for the Karakum desert (Repetek) and values for the Californian
desert conditions (Adolf et al., 1947).
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Month

Location

mi
VII

Blight
Repetek

The region of
location

ee
qp

California
South-east
Karakum

1070

1010
1074
700

40.2
5.0

28.5
52.2

11.2
15.0
22.1
50.8

1.9

98

51.8

55.4

1.7

928

106

51.5

50.0

1.0

855

96

50.0

51.0

1.1

1585

78

41.1

28.5

4.0

947

958

Abidjan

rv

Libreville

rv

Dar

IV

East Africa,
coast

Djibouti

VII

East Africa

Ndjamena

rv

Niamey

IV

Central Africa , 1445
desert savanna
Central Africa 1455
savanna of Su
dan type

Ouagadougou

rv

West zone of
1584
Central Africa 9
savanna of Su
dan type

Bungi

rv

Africa, river
basin,
humid tropical
forest

Africa, west
part of river
Congo
basin,
humid tropical
forest
East Africa,
mountains
2440 m

es-Salaam

h Pa
57.9
55.6

Konakry

North Africa
North Africa
West Africa,
seashor
West Africa,
Gulf of
Guinea coast
The same,
equator

e

55
55
56
80

VII
VII
VIV

Cairo
Algeria

&
%

1.7
1.1

57

41.7

12.9

2.5

65

42.2

15.0

(2.0)

75

40.1

16.6

1.6

951

104

52.9

25.9

1.0

921

117

52.8

50.0

0.8

605

29

25.0

15.6

1.7

624

*
5^1

26.1

15.5

1.5

Congo

Brazzaville

IV

Addis-Ababa

IV

Nairobi

ii

Table

1:

East Africa,
mountains
1820 m

Values of human thermal state indices for desert
tropical zones in the afternoon of clear days.

and
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From Table 1 it follows that in all deserts and in the humid tropics
the rate of sweating is very high. It is particularly high in the continental
regions of North Africa adjacent to the Sahara (Njamena, Niamey, Ouagadougou),
where it is about 1400 g/h and more. In Njamena and Niamey the G factor does
not reach 70%, due to air dryness, which indicates the conservation effect of
the high rates of sweating. Contrary to this in the Congo river basin, which
is covered by humid tropical forest with very high partial water vapour
pressure (30 hPa), the index of stress of the temperature regulation system
exceeds 100% at a sweating rate of less than 1000 g/h. Hence, under these
conditions man should evaporate much more sweat than it is possible to
evaporate from the body surface at full wetting of the skin (FE > FEmax).
Such conditions are characteristic for many regions of the eguatorial belt.
Heat load in Africa is also high at the shore of the Red Sea. More
moderate loads are characteristic for the western seashore zone due to the
mitigating effects of winds from the Atlantic Ocean. Contrary to the
situation on the plains, relatively favourable biothermal conditions are found
in the mountainous regions of Africa. In Addis Ababa and Nairobi the values
of FE are close to 600 g/h, and G is only 30-35% (Fig. 2).

It was mentioned earlier that the data presented refer to conditions
with direct insolation. Shading considerably relieves the intense heat load
in the deserts and thé tropics. The computations show that in the tropical
forest, by escaping the sunlight under a dense forest canopy, the sweating
rate may be reduced by 600-700 g/h. However, even very low wind speeds may
promote the severe conditions in the tropical forest.
The indices of man's thermal state mentioned above refer to average
monthly values of the maximum of air temperature. On individual hot days, the
heat load may considerably exceed the values presented here. The value of the
compensating sweating rate, in a case when the absolute maximum of air
temperature was 58°C with a wind speed of 4 m/s in the Sahara in September
1922, increased to 1720 g/h. Such a sweating rate value must be considered
close to the maximum production possible for man which is in the order of
2 1/h for short periods.
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Fig. 2:

Distribution of biothermal indices FE g/h and G % over
the territory of Africa.
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Zentrale Medizin-Meteorologische Forschungsstelle
Stefan-Meier-Str.4
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INTRODUCTION
The atmosphere is a significant constituent of the environment with
which the human organism is in continual exchange in order to ensure the
necessary equilibrium in the conduct of its vital functions (Homoeostasis).
Atmospheric conditions are accentuated by large changes in time. Time scales
of interest here extend from seconds to years.
The healthy human being has [due to autonomously functioning
regulating mechanisms (e.g. thermal regulation)] an extraordinarily high
degree of adaptability, even to large and rapid changes in meteorological
conditions. This adjustment - called physiological adaptation - to external
disturbances can begin within seconds or minutes. Through longer exposure to
stimuli, long lasting adaptations (i.e. the acclimatisation of the human
organism to changing bioclimates) occur.
The physiological adaptation is supported by behavioural adaptation,
e.g. clothing, living habits, structure of the environment, and these factors
are essentially guided by moods and sensations (Weihe, 1986). The
adaptability of the organism is considerably dependent upon age, sex,
constitution, reaction type and the degree of acclimatisation. Therefore
large differences occur between individuals.

Figure 1 shows this clearly using an example from the area of thermal
conditions. Under comfort conditions (predicted mean vote PMV =0) 5% of the
people are still dissatisfied. On the other hand, under conditions perceived
as warm or cold (PMV = ± 2) only 75% of the people express discomfort, i.e.
25% still feel comfortable. This pronounced interindividual variability is a
characteristic, which is inherent in all collections of biological data.
Therefore, one must take into account from the very beginning, a certain
imprecision in the relationships between such data and the meteorological
conditions.

Fig. 1: Percentage of dissatisfaction as a function of predicted mean
vote (PMV) (Fanger, 1972)
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For example, epidemiological studies of smog events show the large
range of health parameters involved which vary from nuisance and impairment to
clinically observable damage or even death. Generally valid and strict
relationships between dosage and effect of weather influences upon the human
being will therefore not be found.
The atmosphere, as well as the human organism, behaves in a complex
manner. It is not possible to describe completely the atmosphere through the
use of measurements, observations and calculations, neither by the use of a
few generalized variables. Just as the blood pressure value or the core
temperature do not contain all information about the status of an organism, a
value of the air temperature or a thermal index does not give complete
information about the atmosphere, even though meteorological elements are more
or less correlated with one another.

For a non-meteorologist who is interested in the influence of weather
on the human being, it is useful to know the variability of the weather within
different time scales. Using air temperature as an example, it becomes
obvious (Fig. 2) that one cannot speak of a very smooth, almost sine-shaped
curve for the course of a year. Quite strongly pronounced daily temperature
fluctuations are imposed over the mean seasonal values. These temperature
changes have in some parts of the globe little persistence. The difference
between the monthly means for January and July in Central Europe AT is about
15-18 K, which is within the same range as the temperature amplitude during a
clear day in summer. With reference to the heat balance of the human being,
this is about the same as the change in heat loss of a person who, under calm
conditions, would move the short distance from the shady to the sunny side of
a street. One may ask under these circumstances which temperature value would
be representative for consideration in medico-meteorological statistics for a
given location when, for example, daily frequencies of sickness events are
available?

Fig. 2:

Seasonal variation of air temperature at 0700 UTC during a
year (1975) in Hamburg
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In this context, it is necessary to pay attention to the fact that
available medical data do not always suit the purpose of statistical studies.
In most cases the raw data of the time series have to be treated by filtering
operations (Nunn and Sollberger, 1980) to eliminate irrelevant variations,
e.g. trends, periodicities, other long lasting effects, etc. to make it
possible to find those fluctuations on the same time scale which can be
related to the day-to-day variations of the weather (Fig. 3).
The famous mathematician, von Neumann, is supposed to have termed the
human being as the most complicated system that exists, and the Earth's
atmosphere as the second most complicated. Therefore, the only problem for
the human-biometeorologist is the linkage of the two systems: a task which is
certainly only solvable under certain conditions.

Fig. 3: Time-series of fluctuations of blood-glucose (detail). Discrimination
in low- and high frequency parts (Jendritzky and Winkler, 1980)
PREVIOUS ATTEMPTS AND RESULTS OF STUDIES OF BIOLOGICAL EFFECTS OF WEATHER AND
BIOTROPY

Several causal relationships between meteorological variables and the
organism are known. The significance of atmospheric conditions of heat
exchange for thermo-regulation of the human being can be satisfactorily
calculated by the use of complete heat-balance models. The effect of
ultraviolet-radiation on a series of medical parameters has also been
examined, as well as the influence of the decrease of the oxygen partial
pressure with altitude. Also in the area of air pollution there is a
multitude of partly experimentally and partly empirically obtained results
available.

There are scientists (e.g. Weihe, 1985) who attempt to explain the
biological effect of weather and biotropy by the exclusive use of the
atmospheric conditions for heat exchange. Meteorotropic reactions of the
organism would then simply be an expression of thermal discomfort. Of course,
questions of heat balance always play an essential role because the affected
thermoregulation system of the organism dominates all other physiological
regulation systems.
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In spite of the obviously very close relationship between the organism
and the atmosphere, until now it has not been possible to establish
statistical relationships between clinical data and the complex conditions of
heat exchange. Those works which have examined extreme cases such as the
impact of heat or cold waves are exceptions.
From the meteorologist's point of view, however, it is difficult to
understand how, for example, the outdoor thermal conditions are supposed to
have certain effects on human beings who, at least in winter, live and work in
heated rooms. In spite of this we have commenced some studies wherein the
impact of the thermal component will be considered more strongly than has been
the case previously.

Because useful meteorological data were available, many attempts have
been made to find the so called biotropic factor from computing tables of the
correlation between a number of individual meteorological variables and
biological data. Convincing results which could be generalized were not
obtained. Apart from the fact that, even by chance, significant relationships
may appear, there is a serious problem in obtaining time and space
representative values. This is further complicated by the previously
mentioned indoor-outdoor-problem. Interestingly enough there are indications
of a higher weather sensitivity of persons who work in air conditioned rooms
than of others.
In Germany, even before the Second World War, Weather Service
meteorologists, working officially and productively in co-operation with
medical experts, began to examine the influence of weather and climate on the
human being. In this way a synoptic view on the impact of the atmospheric
occurences developed. One was less interested in the variations of individual
elements of atmospheric disturbances because one viewed the effect of weather
as an integral effect (de Rudder, 1952).
To define weather events which are usually difficult to describe in
detail, classifications of weather (Fig. 4) were developed from which one
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Relationship between medical-weather phases and weather
situation
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hoped to separate biologically favourable and unfavourable weather
situations. The expressions used to characterize the weather were of the
synoptic type such as a high or low pressure area, advection of warm or cold
air, fronts, upslide or downslide motion, relation to the frontal zone, air
masses etc. There was always a conflict of goals between the need for as few
classes as possible - in order to obtain a high number of cases in each class
for the statistical treatment and the need for as great a differentiation as
possible of weather situations.

Some selected but typical examples of results from stochastic studies
of weather influence on the mortality rate with different causes of death are
given in Table 1 and Figure 5. Results of studies of the interrelation of
reaction times to the so called weather phases is shown in Figure 6.

TABLE 1

WEATHER PROCESSES AND MORTALITY
(Data 1968 - 1976, SW Germany)

(+ more, - less cases than expected, 0 no effeet ; sign 1ficance level 0.5%;() tendency)

a

b

Mortality rate

0

+

Infectious diseases

0

+

Cardio-vascular diseases

0

(+)

+

Cardiac infarction

0

+

0

Chron. nonrheumatic myocardiac diseases

0

+

+

Vascular diseases of the brain

0

+

+

Respiratory diseases

0

+

Bronchi t i s

0

+

Influenza

0

+

+

Senile decay

0

(+)

+

Suicide

0

o

c

+
0

'

.
0

0

Weather

a
b

Subsidence or downslide motion without other processes
Upslide motion without other processes

characteristics

c

Predominant vertical instability (turbulence) with or without other processes
Predominant upslide motion with or without other processes

d

Fig. 5:

Cyclone model and mortality

d

0

+
+

0
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Fig. 6:

Reaction time and weather phases

In recent years, some more quantifiable variables have been used,
which can be objectively and quickly calculated using electronic data
processing. One has constructed for example deviations of temperature and
humidity from the weighted mean of preceeding days (temperature-humidityenvironment THE) (see e.g. Jendritzky et al., 1980) and found increasingly
pronounced correlations with medical data; as for example with blood sugar in
diabetic children as a medical parameter (Fig. 7). This is apparently due to
a diminution of the adaptability of the organism.

A further variable which also indicates a deviation from past
meteorological conditions, is the dynamic parameter DV based on a vorticity
approach (Bucher, 1985). This parameter reflects in a broad sense the
advection conditions in the free atmosphere.

Fig. 7: Variation of blood-glucose (ABG) as a function of changes in the
temperature-humidity environment (THE). Confidence intervals at the
5% level of significance.
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Biologically unfavourable situations occur when highly pronounced fair
weather changes due to weakening of a high pressure situation and the
influence from warm air advection begins aloft (prefrontal area) and when the
weather changes with the passage of warm and cold fronts. This means that all
weather phases on the forward side of a low pressure system, with increasing
advection of different air masses, contain a high degree of biotropy, as does
the immediately following rearward side of the cold front.

Our present knowledge about the stochastic relationships of various
forms of meteorotropic reaction to certain atmospheric conditions is
considered sufficient for them to be used for forecasting purposes (Reinke and
Swantes, 1978). When disseminating this information one must, however, avoid
negative effects for the public through the influence of suggestion (e.g.
meteorological hypochondriacs) which may be produced in weather sensitive or
psychologically unstable persons.
Statements about biotropy and meteorotropic forms of reaction
connected with it are - due to stochastic relations - valid for a large group
of persons but not necessarily for an individual (Generality-IndividualityDilemma). However, in this case the biosynoptics is in good company with
medical science which, as an empirical science, also has to live with similar
problems. Another question which has been raised is whether an average
presentation of the statistical variance (mainly within the order of 10%)
between weather effects and medical parameters is understandable enough to be
used in forecasting procedures (Dirnagl, 1983).

METEOROLOGICAL INFORMATION FOR MEDICAL PURPOSES ISSUED BY THE GERMAN WEATHER
SERVICE
Application Possibilities
The weather "biotropy" should be considered as an additional risk
factor for any patient for whom the individual reaction to meteorotropic
stimuli is not known.

Information about present and expected biotropic effects of weather
can help the doctor as well as the patient to:
inform himself about the potential influence of the
atmospheric environment on the organism

-

determine the weather sensitivity

-

differentiate between weather-caused and organically-caused
deterioration of a sickness or disease.

In the clinic, concrete possibilities for medical practice for the
purpose of rehabilitation are:
-

consideration of physical therapy, e.g. training programme
for heart attack patients and also in climatotherapy

-

consideration of an increased danger of complications during
anasthesia, of post operative prophylaxis for embolism and of
post operative bleeding
application of certain medicines or variation of the dose in
individual cases.
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Figure 8 shows, as an indication and not as a proof, the mean
variation over the year for the dynamic parameter and the mortality rate.
These variables are built into the German Weather Service's forecasting
procedures.

Fig. 8: Mean seasonal behaviour of a dynamic parameter based on a vorticity
approach and mortality
An evaluation of more than 1000 individual studies (both our studies
and those of others), which have used stochastic relationships between weather
events and medical data, for example, on respiratory diseases, cardio-vascular
diseases, spastic disease forms, disturbances in general well being, and also
traffic and work accidents, produced a very coherent picture of weather
biotropy (outlined in Table 2) (for more details see, for example, Tromp, 1980
and Faust, 1977).
The conditions of calm fair weather and clearing weather after a
frontal passage are considered biologically favourable. They are
characterized by a predominantly high pressure influence with only little, or
no, influence of advection of other air masses. Of course, heat load can
occur with such weather situations and during the winter time air pollution
problems occur frequently with inversions where the exchange conditions are
unfavourable due to high stability.
Biotropy acts as an additional stress, i.e.,
cybernetically as a disturbance variable to
which the organism must react to maintain
homoeostasis

Weather is not the cause but simply the
initiating factor of acute meteorotropic
reactions, i.e., meteorotropy is a funda
mental property of the organism
Biotropy maximum occurs in the areas of the
strongest weather changes
Cyclonic weather is biologically unfavorable,
anti-cyclonic weather predominantly favorable
(exception: heat load, air pollution)

"Hypotensive" and "spastic-hypertensive"
reaction forms are associated with opposing
atmospheric conditions
Biotropy may be accentuated by individual,
pathogenic and climatic factors as well as
time of year and day

Table 2. Main
Characteri sties
of Biotropy
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Long years of practical and positive experience with the prognosis of
the weather biotropy are available from the scientific teamwork between
physicians, clinics and the German Weather Service (DWD). Using this
experience as a basis, DWD offers well founded medico-meteorological
information services which are tailored for application during rehabilitation,
as well as in the clinic and medical practice, and which are continually being
adapted to modern development and knowledge.
Sources of Information

Bioprog

The weather report for physicians ("Bioprog") is offered exclusively
to members of the medical profession and emergency medical services. The
subscriber selects from a catalogue (Table 3) of meteorotropic diseases those
diseases for which he wants to receive a warning, because the danger of a
moderate or strong weather influence exists. The warning is disseminated via
the telephone or telex in a coded form.

TABLE 3

CATALOGUE OF PREDICTED METEOROTROPIC DISEASES
FOR THE BIOPROG
(SUPERORDINATED TERMS ONLY)

- Disturbances in the general well-being

- Accident proneness

- Infectious diseases
- Neurological-psychological diseases

- Spastic diseases

- Cardio-vascular diseases
- Blood clotting system
- Respiratory diseases

- Mortality

Videotext
In co-operation with the pharmaceutical firm "Godecke AG", the DWD
uses the new medium called videotext with its dialog capability to present its
Medical-Meteorological Information Service. This Service also is only
available to the medical profession. Its goals are to:

make a contribution to the promotion of medico-meteorological
research
make available to the doctor, for diagnostic and therapeutic
use in his daily practice, the medico-meteorological
knowledge obtained both in recent years and through long-term
experience.

In a static part of this service the following information is given:
four classes of weather conditions with their biotropic intensity, the
characteristic effects on the organism caused by some weather processes such
as frontal passages and changes of air masses. In the dynamic part the DWD
provides the user with daily current information about:
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the expected weather development over the next 24 hours
the intensity of the expected weather influence on diseases or
well-being in general.

Medico-Meteorological Information for the Public

Due to frequent requests, a pilot project has recently made medicometeorological information available to the public through an automatic
telephone service. For this purpose a catalogue of standard texts for various
weather situations was prepared in co-operation with the General Medical
Council of the State of Hessen and an advisory team of medical doctors. The
service is designed for weather sensitive people (^—30% of the population),
particularly those suffering chronically from respiratory diseases,
cardio-vascular regulatory disturbances, etc. As patients themselves take the
initiative (he or she makes the call), and through organisation of the text
with reference to the patient's own private doctor as the basic advisor, the
problem with "weather psychosis" is largely eliminated.
The pilot project was backed up by a questionnaire which was given to
the both patient and the doctor. The evaluation showed that non-acceptance by
the medical profession was surprisingly low, namely 14%; in fact, 78% of the
physicians involved agreed with the introduction of this service, the
remainder took up an indifferent attitude. More than 85% of the laymen stated
that the service was at least partially helpful. Due to the very positive
response, an expansion of this service to cover the entire country is expected.

Pollen Information Service
During the pollen season the DWD, in conjunction with the "Stiftung
Deutscher Polleninformationsdienst", provides a service for those allergic to
pollen. The service provides information about blossoms and weather
conditions promoting the spreading of pollen from grasses, shrubbery and
trees. The dissemination of this information is accomplished over the radio,
through the press and partly through an automatic telephone service.
Residence Advisory Service

Older people, in particular, and primarily those with cardio-vascular
diseases, asthma patients and those with chronic bronchitis, frequently have
problems with the climatic conditions of the location in which they live. If
the physician is convinced that a change of residence could improve the
patient's condition or cure his sickness, the DWD provides suggestions for a
relocation. These locations are selected with the assistance of a
questionnaire completed by the physician.

Final Remarks

Although until now the results of biosynoptic research are only of a
stochastic nature and although many problems regarding causality remain
unsolved, a few applications are already possible for practical service. The
applicability of these procedures to countries with climates deviating from
those of middle Europe are however doubtful; a lot of scientific investigation
is still required in order to obtain a scientific basis for services in other
climates. One should not forget that research work in the field of human
biometeorology is beneficial not only to individuals with health and
well-being problems, but, in the final analysis, also to the national economy.
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THE TASK AND VALUE OF BIOMETEOROLOGICAL FORECASTING
IN HEALTH RESORT MEDICINE, BASED ON THE POLISH EXPERIENCE
Gerard Straburzynski
National Institute of Health Resorts Medicine
Ebznan, Poland

Introduction

The evolution of the industrial civilization has caused some major
alterations in patterns of human behaviour and in the environment in which
mankind lives and works. Poor contact with nature, a civilized life style and
the job requirements of modern industry cause additional perturbations in the
biological rhythms. As a result of the unstable balance between somatic and
psychic adaptation possibilities of the human organism and the demands of the
external environment with its partly new factors, diseases are developing
which in fact are of ecological origin. These so-called ecological diseases
are specific to industrial civilization and have become most dangerous to
human beings.
Physiotherapy and health resort treatment
Physiotherapy, especially as part of the treatment in a health resort
cure, plays a very important rôle in the fight against ecological diseases.
Health resort medicine is composed of several physiotherapeutic methods, such
as diet, health education, education in life style organization, all of which
are in fact considered as ecological medicine. Many scientists from different
countries have shown the high effectiveness of health resort treatment of
various ecological diseases (Straburzynski, 1984, 1985). During health resort
cures, medical treatment is based chiefly on the therapeutic values of the
climate, spa mineral water and peloids. Health resort medicine represents the
main factor in preventing and treating ecological diseases, since the various
physiotherapeutic procedures facilitate the physiological mechanisms of the
organism’s homeostasis to participate actively in arranging and strengthening
the disturbed physiological body functions. Various health resort procedures
act in a physiological way on the life processes of tissues and organs by
stimulating their own compensation and self-regulation mechanisms. As a
result of the influence of physical, chemical and biological stimuli, the
physiological mechanisms of adaptation to uncomfortable and pathogène
conditions of life are improved and the disturbed physiological functions are
rebuilt.

Health resort treatment is a method of stimulation treatment whose
purpose is to enhance the degree of adaptation to various forms of energy
connected to the external environment of the organism, and as such is a form
of beneficial stress. The effect of this cure depends largely upon the
climatic factors characterizing the health resort. Climate is not only a
background for health resort treatment of diseases, but is also used in a
climatotherapeutic procedure for an active cure. Climatotherapy is a
significant part of health resort therapy and therefore the foundation of a
health resort should depend upon the curative value of its climatic factors.
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It also forms tha basis for a decision about what kind of diseases can be
treated in any specific health resort. The biologic effects of the action of
climatic factors on the body increase the stimulating effect of other
physiotherapeutic procedures. It should be emphasized that it is generally
impossible to separate the effects of climatotherapy from those of other
physiotherapeutic procedures used simultaneously during health resort
treatments of diseases. A characteristic of health resort treatment is that
all therapeutic methods and mediums used act in a complex and complementary
way. In general the biologic effect of various stimuli acting simultaneously
on an organism results from their synergic or antagonistic action. However,
when the force of all the stimuli acting together is greater than the adaptive
capacity of the body, then pathological disorders appear. Therefore, not only
the strength of climatic stimuli, but also the strength of other overlapping
physiotherapeutic procedures affect the patients' acclimatization process to
the conditions of a health resort. Likewise, climatic factors can increase
the power of stimulating action of balneotherapeutic procedures which
contribute to the development of a reaction disorder called bath reaction or
health resort reaction.
Health resort treatment of diseases requires a very good understanding
of the relationship between medicine and meteorology. Climate with its
numerous factors, and especially the changes of weather, should be a subject
of accurate observations. A correct application of climatotherapy is
essential for the prevention of exacerbation and complications of a disease as
a result of overdosing of all coincidental stimuli. The effects of weather
can of course be positive or negative. Weather itself is not the cause of a
disease but can act as the "trigger action" (Machelek and Rudel, 1980).

Weather types and health

Weather conditions can be divided into at least two groups: favourable
and unfavourable to health. Unfavourable weather conditions are meteorotropic
and therefore make the application of various kinds of climatotherapy
impossible. The stimulating effect of weather on healthy organisms can be
entirely compensated for by the homeostatic mechanisms. However, these
mechanisms can be inefficient in a diseased organism and therefore weather
conditions may particularly affect the organism of ill persons. The effects
manifest themselves as uncomfortable feelings, sometimes as exacerbation of
the pathologic processes or even as a complication of the disease. Changes in
the weather do not only mean slight disturbances in the state of health, but
can also considerably affect the work of many people (Leszczynski, 1979).
During some weather conditions there is an increase in road accidents
(Baranowska, Gurba, 1979; Maczynski, 1979). It has been suggested that this
effect is caused by a decrease in cerebral efficiency (Kugler, 1975).
Today, a sensitivity to weather concerns almost every second person.
About 50 years ago it was only 10-20% (Franke, 1986). It is possible that
this increase is due to a reduced degree of adaptation to climatic stimuli, or
because of domestication. The influence of weather change on the origin of
disorders is still not fully recognized. It appears that such sensitivity to
weather is characteristic of persons convalescing after some diseases. It is
well known that the course of various diseases is influenced by a variety of
weather changes. Many investigators demonstrated that exacerbation of
coronary heart disease and the increase in infarction mortality depend on
meteorological changes, and are connected with the climatic region and weather
changes such as increased or decreased barometric pressure, high or low air
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temperature, storms, local winds, and so on. A single climatic factor, or
many climatic factors, can induce a negative reaction. The same factor can
also cause various symptoms in different organisms. It cannot be expected
that the same type of weather will have the same effect on all patients, since
there are individual differences in the reactions of the organisms depending,
for example, on the functional state of the vegetative nervous and endocrine
systems. In addition, reaction may also be intensified by the disease
process. There is also a decreased efficiency of homeostasis in many
diseases, which could be the cause, under the influence of particular weather
situations, of meteorotropic reactions in patients with coronary heart
disease, hypertension, bronchial asthma, rheumatism, gastric and duodenal
ulcer and others (Uszweridze, 1981).
The reason for these phenomena could be a reduced adaptation ability
to environmental factors. It is particularly frequent in inhabitants of large
cities. During meteorotropic weather conditions, chronic diseases are
sometimes exacerbated, as for example with hypertension as blood pressure and
brain blood flow increase; with coronary heart disease as attacks of angina
pectoris may occur and with rheumatism as pain in the joints increase. In
some cases complications may occur, for example when apoplexy happens with
hypertension, heart infarction with coronary heart disease and colic with
cholelithiasis and nephrolithiasis (Chrobek, Ogorzal and Zajczek, 1966;
Chybalski, Kubiak and Marciniak, 1979; Jungmann and Staiger, 1980; Kveton,
1985; Zielonka, Lewinska, Wodzim and Zahorski, 1981). These are well known
typical examples.

Under the influence of some weather conditions and when the organisms
are exhausted with a great number of stimuli from different sources, the
exacerbations and complications of diseases are more frequent, for example
with physiotherapeutic procedures or physical effort. Prevention of such
dangerous states is a very important task for every health resort doctor.
Therefore he must know the active biologic weather situations typical for the
particular health resort, their biologic effects, and also of course the
weather forecast. For this purpose, close co-operation between doctors and
meteorologists, especially in health resorts, is needed. Biometeorological
forecasting is the basis of prevention of the meteorotropic symptoms and
disorders, since it is possible to prevent these disturbances by giving
special protective treatment to the patients prior to changes in the jteather.
Biometeorological forecasts provide facilities for pharmacological prevention
of exacerbations or complications of diseases. If the patient receives only
physiotherapeutic treatment, then sometimes the administration of drugs is
necessary. In the case of patients already receiving drugs, it sometimes
becomes necessary to increase the dosage. Depending on indications, these are
often hypotonic drugs, vasodilative agents, analgesics, tranquillizers,
sedatives, hypnotics and so on. The drugs are given before the weather
changes occur. Very often it is sufficient to reduce the strength of
physiotherapeutic procedures or physical efforts.
Preventing the consequences of an overloading of the patients
organisms with some kind of climatic stimuli is indicated in some cases even
during stable good weather. Weather forecasts are particularly important in
preventing the overheating or cooling of ill persons. Hot weather, for
example, is a great burden particularly for cardiac patients (Haase and
Turowski, 1981). Therefore each cardiac patient, regardless of the degree of
sensitivity to the weather, must be protected from overheating. On the other
hand, patients with chronic bronchitis or disturbances of the peripheral blood
flow, should be protected from the cold. These are the most typical examples.
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The practical use of weather forecasting for medical purposes is based
on knowledge of the effects of particular states of weather on human
organisms, particularly as regards several diseases. In the last 20 years in
our Polish Balneoclimatological Institute, over 30 investigations on
meteorologic-medical problems have been carried out based on our own
classification of weather types. The author of this classification,
Wojtowicz, isolated 11 types of weather based on baric situations, the
distances of low pressures system centres, and the state of their development
(Wojtowicz, 1963; 1966). The results from some of our Institute's studies,
done in co-operation with health resorts and other Polish scientific
institutions, showed that there was a correlation between the displacements of
near and deepening depressions and various disorders. It was particularly
evident in patients with spondylitis ankylosa. Similar results were found of
the mortality in heart infarction. Also evident, but not always significant,
were the correlations between morbidity and influenza, angina and rheumatism.
It was also shown that weather conditions influence health resort patients
with organic and functional cardiovascular disease and rheumatism.
Organization of biometeoroloqy at health resorts
These are only a few examples of such scientific investigations in
biometeorology made in our Institute. For proper organization of
climatotherapy and prevention of meteorotropic excerbations and complications
of the diseases, it is essential to have a biometeorological station led by a
climatologist in each health resort. In the four largest Polish health
resorts, typical for coast, lowland and mountain climates, such bioclimatic
stations exist. They are attached to the Department of Biometeorology of the
National Institute of Health Resort Medicine.
The climatologists of the meteorological stations at these health
resorts co-operate with meteorologists from the National Polish Institute of
Meteorology and Hydrology, who are attached to nearly all of our health
resorts, and also with the doctors of the sanatoriums. Biometeorological
forecasts are prepared daily with instructions on how to perform
climatotherapy in expected weather conditions. Each health resort institute
receives such a report. After being made known to the doctors, the report is
hung up on a board for patients to read. In Polish spas, patients' health
education forms part of the medical treatment programme. Patients also listen
to lectures given by doctors and meteorologists, who inform the patients on
such biometeorological problems as the biociimatological characteristics of
the spa, climatotherapy, dosage and mechanisms of biological actions. Doctors
working in Polish health resorts generally have a good climatological
education.

The Polish health service provides specialization in two grades of
clinical medicine. If a doctor wishes to be a specialist of the first grade,
for example in internal medicine, surgery, paediatry or neurology, he must
work for 3 years under a grade two specialist in a suitable hospital, take
part in several special post graduate courses, and finally pass an
examination. After 2-3 years of such a specialization and after several other
courses and another exam, he can become a specialist of the second grade.
Among other specializations there exists one for physicians working in
health resorts, which is called balneoclimatology and physical medicine. This
is a second grade specialization, which can be obtained after having
specialized in one of the clinical disciplines of the first grade. During the
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specialization in balneoclimatology and physical medicine, the physicians work
in health resort hospitals or sanatoriums under the supervision of a
specialist. They must participate in two special courses in the
Balneoclimatological Institute, which last overall 8 weeks. During these
courses they have lectures in bioclimatology and some exams. During the
course of the final exam a bioclimatologist is present. Biometeorologists are
members of the Polish Scientific Society of Balneology, Bioclimatology and
Physical Medicine, and every third year they hold a scientific meeting with
physicians during the Congress of Balneoclimatology. The results of
investigations in bioclimatology are presented at such Congresses.
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TOPIC 6:

SOCIAL MD ECONOMIC VALUE OF APPLIED HUMAN HEALTH
CLIMATOLOGY

THE VALUE OF CLIMATOLOGICAL INFORMATION
IN ASSESSMENTS OF THE STATE OF HUMAN HEALTH
R. E. Munn
International Institute for Applied Systems Analysis
A-2361 Laxenburg, Austria

1. Introduction
The value of a climatological input to a human health study depends on its
relevance to the overall goals of the study. In fact, sub-optimal (and in some cases

irrelevant) climatological information is often used in health-related studies. So
the title of this paper is provocative, promising more than can be delivered, the

value of a climatological input being very difficult to gauge.

The emphasis in Sections 2-5 will therefore be placed on current problems

with respect to the quality of climatological inputs to health studies and assess

ments. Only in Section 6 will the question of the value of such information be con
sidered.

2. Too Much Climatological Data: Too Little Relevant Climatological Infor
mation
Climatological

data banks are very large.

This leads to one of the central

problems in applied climatological analyses - that of selecting relevant data sub

sets.

At the outset of an assessment, the analyst should of course prepare an

inventory of data banks for the geographic area of interest.

However, most of

these data may not be particularly relevant for the intended application.

For

example,
(1) Meteorological measurements made at an open airport location will not be

representative of heat stress or wind chill conditions in a built-up area,

where solar radiation, temperature, humidity and wind speed will be quite dif

ferent from that at the airport.
(2) Ambient sulphur dioxide measurements made at a single station (or even at
several stations) in a town will not represent the S02 exposures of people liv
ing in the town, even in some average sense.

In certain climates people may remain

indoors up to 90% of the time.

As a general rule, and the two examples given above are not exceptions, the
first step in a health-related assessment is to begin a dialogue between the clima

tologist and the doctor/physician/human physiologist. Some of the questions to be
asked are:
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•

What are the human health issues?

•

What health-related data sets are available for a climatological analysis?

•

What are the space and time resolutions of the data?

•

What approach is to be used in analyzing the data? (For example, multivariate
regressions, dose-response analyses, etc.)

•

What climatological variables may be involved, and in what ways?
In the case of retrospective studies, there are likely to be mismatches

between health-related and climatological data sets.

Two ways of resolving the

mismatches are available:

(1) by redesigning the epidemiological assessment;
(2) by creating synthetic climatological data sets.

Two examples of synthetic climatologies will illustrate the techniques involved.

Example 1
k proposal has been made to industrialize a valley. As part of the environ

mental assessment, it is necessary to estimate the pollution potential of the area
and thus to ensure that air quality standards for human health are not exceeded.

Unfortunately, the nearest meteorological observing station is 100 km distant in
flat open countryside.

Methodology:

Establish a weather observing station in the valley and after

collecting 1 year of observations, develop some statistical relationship with
the measurements made at the open countryside site. Then apply the relation
ships to the 30-year open countryside data set to create a synthetic climatol

ogy for the valley.
Example Z

Daily records of the number of deaths caused by heat stress are available for

a large city. The data extend back over more than 50 years. Unfortunately the
nearest weather observing station is at an open suburban airport site.

Methodology: Establish a weather observing station in the city. Continue as

in example 1 but in this case, create a synthetic climatology for temperature,
humidity and wind speed.

In the case of prospective studies, the possibility exists for designing a usertargeted climatological observing network.

Maximum use should of course, be

made of existing stations, although that should not be the primary design con
sideration.

207

3.

Human Health Indicators
Epidemiological data sets are far from satisfactory. This is partly due to a)

the nature of human responses to environmental stresses, and partly due to b)
inadequacies in the data sets themselves.

(a) The nature of human responses to environmental stresses

Some people are far more sensitive than others to environmental stresses

such as heat, wind chill or high air pollution concentrations.

Furthermore, the

response of a single person to a given exposure varies from day to day.

In this

connection, mention should be made of the fact that modest environmental stresses

are beneficial, improving the ability of the human body to withstand larger

stresses. (As examples, a brisk walk on a cold day is considered to be invigorating
by most people while student performance is diminished if a classroom is kept at
constant temperature with no gradient from floor to ceiling.)

Another difficulty often encountered when studying human responses to

environmental stresses is the lag time involved. For example, hospital admissions

for asthmatic attacks during episodic conditions may be delayed a day or so due to
a lack of hospital beds. On a longer time scale, the health impacts of substances

such as asbestos, radon, cigarette smoke and mercury may not become apparent

for 20 years or longer, during which time many of the other environmental factors,
and also the socioeconomic milieu, will undergo considerable modification.

Another complication is that people are mobile and it is difficult to estimate
their activity patterns. Over the long term, many of the most sensitive individuals
will avoid stressful occupations (e.g. mining) or regions (e.g. the Arctic).

(b) Inadequacies in epidemiological data sets
Epidemiological data sets often lack essential information for biometeorologi
cal research. For example,

(1) Hospital admittances, death certificates, medicare records and data on absen
teeism from work do not include information on smoking habits. In prospec
tive, cohort studies which include pulmonary lung function tests, some of the

people (particularly young teenagers) may not admit to smoking or taking
drugs.

(2) Similarly, the data sets listed above usually do not provide information on
occupation; thus it is not possible to identify subgroups with particular occu
pational exposures, such as miners and traffic wardens.
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(3)

Health-related data sets contain errors in diagnosis or classification. For

example, many asthmatics are unable to distinguish between an attack of bron

chitis and a worsening of asthma (Bates, 1985).

As another example, a high

air pollution exposure may exacerbate the impact of some other disease,

which may be recorded on a death certificate as the primary cause of death,
rather than air pollution.

(4)

In many parts of the world, computerized medical records do not exist. Bates
(1985) emphasizes that in countries where there are many private hospitals

and where national health records are not kept, studies involving large popu

lations cannot be organized.

4. Analyses of Climate—Health Relations
Climatological information is useful both with respect to research studies on

the effects of environmental factors on human health (to be discussed in this Sec
tion) and with respect to operational applications (to be discussed in Section 5).
Research into the effects of climate on human health is of two main types:
•

controlled laboratory experiments using a few human volunteers;

•

epidemiological investigations involving large populations.

The emphasis at this Symposium is on climate, and thus on the epidemiological
approach. Here it should be mentioned that even when the goal of an investigationn is not specifically climate oriented, weather variability will be one of the
uncontrolled factors contributing to the "noise" in the health data. Thus it will be
important to include weather information in the study.
Referring specifically to climate - health epidemiological investigations, a
common approach is to undertake a multivariate regression analysis seeking

correlations between a health indicator (e.g., death certificates, hospital admit
tances) and a large number of environmental elements or indicators.

This

approach is to be discouraged for several reasons:

(1)

Non-linear relations may be involved.

In such cases, exclusion of a few

outliers may change even the signs of the coefficients (West and Florey, 1984).
(2)

The responses to environmental stresses may be lagged.

(3)

For analyses in which large numbers of variables are used, 5X of the variables
would be expected to show significant correlation at the 951 confidence level

in the absence of any real relations.
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(4)

The data sets used are usually time series, each of which contains time corre
lations. So correlations existing between pairs of variables may be due to the

existence of time correlations.

(5)

The problem of confounding influences is nearly always present. This is illus

trated by the existence of high oxidant levels during heat waves.

Is it the

high concentration of air pollution, the heat or a combination of both that is
causing an increase in hospital admissions, death rates, etc. during episodes?

Similarly in winter in temperate and subarctic zones, episodes of high sulphur

dioxide and suspended particulate matter occur during spells of cold foggy
weather. Again we cannot be certain whether the high air pollution levels or

the cold foggy weather is creating the health effects.

In both situations,

there is the further complication that the meteorological and the air pollution
stresses may be synergistic.

(6)

A final problem that should be mentioned is that a very large sample size is
required, particularly if the environmental stress is not excessive, to detect
an effect.

Bates (1985) notes that in the case of the great London smog of

1952, an excess mortality of 4000 occurred in a population at risk of about 9

million; this was easily detected but for a town of 9000 people, this translates
into only 4 excess deaths! Most human exposures to air pollution are consid

erably lower than those experienced in London in 1952. In fact, Bates (1985)
estimates that for levels greater than 15mg/m^ of sulphates
and 80 ppb of ozone in association with increased temperatures, hospital
admission for acute respiratory disease is likely to be about 0.00031 of the

population at risk, or 3 persons per 1 million population.
These difficulties aside, there are of course some studies for which gross
indicators are sufficient to establish climate-health relations. One such example is

by Hilditch and Fallis (1986) concerning the seasonality of birthweight in Zaire and
Canada. In a rural area (Vanga) in Zaire, the strong annual rainfall cycle con

trolled the availability of food, as well as the level of physical work, of pregnant

women. As a result, birthweights were significantly lower at the beginning of the
rainy season than at its end.
Canada.

In contrast, no seasonality effect was found in
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5.

Operational Applications of Climatological Information

for Health

Related Assessments
Turning now to operational assessments, climatological inputs frequently are
required. Some examples include:

1.

development of standards for protective clothing against wind chill and
heat stress;

2.

development of building codes;

3.

participation in urban planning;

4.

organization of responsive health-care delivery services.

This is a very large field, and only a couple of examples will be given here.

(a) Land-use planning in Vladivostok
Adamenko (1970) has evaluated wind chill conditions in Vladivostok in winter,
based on mesoscale temperature and wind fields, and has identified parts of the

urban area which are likely to have severe discomfort conditions.

The author

makes several practical suggestions for ameliorating wind chill through:

•

construction of shelter belts

•

orientation of buildings with respect to wind direction

•

avoidance of wind channeling conditions.

The author also refers to the climatic zone of children, the lowest 1 to 1.5m above

the ground, and he recommends that special attention be given to the design of
playgrounds. In this connection, radiation inversions during calm winds are a spe

cial hazard because the coldest temperatures are in the lowest 1 m above the

ground. Special engineering works might be necessary such as the erection of a

dome above playgrounds.
(b) Simulation of the effects of climate warming on human health

As part of the general concern about the impacts of greenhouse-gas climate
warming, several studies have been undertaken of the impacts on human health

(White and Hertz-Picciotto, 1985; Kalkstein et al., 1986). The analyses are appli

cations of the work of several authors who have shown an increase in mortality
during heat waves.

In St. Louis, for example, the number of deaths from heat

stroke rose from zero on a day with a maximum temperature of 32° C to 73 cases at
35° C (a 1-day time lag was used in the analysis) (Bridger et al., 1976). So a global

climate warming of 2° C could have a major impact on the number of cases of heat

prostration, particularly in urban lower-income districts without air conditioning.
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Kalkstein et al., (1986) estimate that if greenhouse warming caused summer max

imum temperatures in metropolitan New York City to rise the
number of excess deaths per summer due to heat strokes would increase from

about 310 to about 1350. This of course assumes that:

(1)

New York City maximum temperatures increase upward in step with the

global increase;
(2)

No additional adaptation such as provision of air conditioners to low-

income families is practiced.

As pointed out by White and Hertz-Picciotto (1985), global warming could also
cause important changes in the climate zones of survival and reproduction of
pathogenic bacteria, viruses and parasites.

With

respect to the quality of these two illustrative applications,

the

Adamenko (1970) assessment ranks very high although its economic value would be

difficult to estimate. The study on the impacts of climate warming is of lower qual

ity, largely because the underlying epidemiological studies on deaths from heat
stroke contain considerable uncertainties.

(Were the maximum temperatures

obtained from representative sites? Was a 1-day time lag appropriate?)
The general conclusion is that it is impossible to generalize about the quality
of climatological health-related assessments because of the wide spectrum of appli
cations.

6. Estimating the Value of Climatological Information in Assessments of the
State of Human Health
Climatological information is of value in health-related studies and assess

ments. That Judgement cannot be disputed. There remains only the problem of try

ing to estimate the socioeconomic value of such information.
There are three reasons why quantitative cost-benefit analyses of the value of
climatological information are not very meaningful:

(1)

because the quality of the climatological information provided is often
suboptimal;

(2)

because the quality of health assessments is often suboptimal;

(3)

because the cost-benefit assessments used in human health studies are
inappropriate.
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Reasons (1) and (2) have been argued in Sections 2-4. Here we discuss point (3)
and then develop a conceptual framework for a qualitative assessment of the value

of climatological information.
West and Florey (1984) have provided a basic critique of the methods used to

estimate the economic costs of health effects resulting from chronic exposures to
a variety of outdoor air pollutants. In particular, West and Florey comment on the

studies by Lave and Seskin (1977) and OECD (1981).

Their main criticisms are

directed as follows towards the three main categories of health indicators.
(a)

The first type of indicator involves a change within the normal range of
a health indicator such as lung function. But this involves no impairment

of activity and can not be costed.
(b)

The second type of indicator is morbidity.

Hospitalization is a widely

used indicator in this category but it would be difficult to defend esti

mates of net savings, if any, to hospital facilities if outdoor air pollution

concentrations

were

reduced.

Another indicator,

absenteeism from

schools, would be equally difficult to cost. A third possibility, absentee
ism from work, could be estimated in terms of lost production but West

and Florey (1984) believe that available data are too unreliable for epi

demiological assessment.
(c)

The third type of indicator is mortality (Lave and Seskin, 1977; OECD,
1981).

The difficulty in this case is firstly that establishing the dollar

value of a life is a highly controversial and rather counterproductive
exercise. Some people would argue the sheer impossibility of undertak

ing this kind of analysis. Secondly, there are problems with each of the
indicators that has been proposed - earnings lost, pension payments

saved by the state, health care costs expended (or saved?) by the state,

etc. In the case of earnings lost, for example, West and Florey (1984)

suggest that there would be associated savings to the state through a
reduction in the number of unemployed and in unemployment insurance

payments.
The critique by West and Florey was written in the context of the chronic

health effects of air pollutants. However, arguments put forth apply equally in the
case of other environmental stresses including meteorological ones. It is easy to
estimate the loss in human lives from a tornado, typhoon or a blizzard.

In more

general cases, however, a reliable economic assessment is not possible, e.g., with

respect to estimating the economic value of providing air conditioning to an office
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or school, in terms of higher productivity during heat waves.

7. An Order-of-Magnitude Approach for Estimating the Value of Climatologi

cal Information
To avoid technical questions such as that of estimating the economic saving if

there were one less hospital admittance per day, an order-of-magnitude global

approach may be useful.

Here it should be emphasized that the total amount of

money involved is likely to be large. In the United States, the annual funding of
biomedical research is $5.8 billion in the public sector and $4.0 billion in the
private sector (Dutch et al., 1986). Even if the fraction spent on climatologically -

related research were small, it would still amount to a large number of dollars. As

for the resulting economic benefits, when climatological information is included in
health studies, the savings could be substantial - even if measured only in terms of
the economic value of improved biomedical research.
For convenience we distinguish air pollution and climatological information.

We also subdivide between information needed for research and for engineering
type applications.

(a) Air pollution information
(1) used in research studies of human health
Medical Research Councils and similar bodies could supply information on

annual total medical research grants and on the fraction spent on air pollutionrelated epidemiological research. This provides an estimate of the money spent on

air pollution epidemiological research, both on an absolute and a relative scale.

Certainly several important factors have been neglected, e.g., the investigators'
salaries, which are often not included in the dollar values of research grants.
However, the introduction of such complexities is hardly justified in view of the

uncertainties surrounding the quantification of each additional factor added. The
economic benefits derived from such expenditures are likely to be at least ten
times as large.

(2) used in engineering-type health-related applications
Many environmental assessments contain an air pollution component, respond
ing to concerns about impacts on human health and the biosphere. In most applica

tions, however, the assessment is not based on epidemiological or air pollution data
but rather on meteorological information. To a first approximation, in fact, air
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pollution data are not needed in engineering-type applications - except, of course,
in cases where an additional pollution source is proposed for an area which is

already near the limit of its assimilative capacity.

(b) Climatological information used in health-related studies
(1) Research with respect to air pollution

A large fraction of epidemiological air pollution studies would benefit from

meteorological inputs.

However, few Medical Research Councils could provide

computer print-outs of current percentages. In the absence of such information, it
is suggested conservatively that 10Z of epidemiological air pollution studies

currently include climatological inputs, that another 5Z of such studies ought to
include climatological inputs, and that less than 50Z of the studies undertaken
make optimal use of climatological information.

Here it should be mentioned that

many of the published dose-response relations are derived from field data obtained

in temperate latitudes. The additional climatic stresses of the wet tropics, the dry
deserts and the cold arctic may operate synergistically with air pollution stresses
in

these

parts of the world.

The need for additional epidemiological air

pollution/climatological studies is therefore very great. See, for example, SCOPE

(1986). The conclusion is that the potential economic value of climatological infor
mation in epidemiological air pollution studies is very great.
(2) Research with respect to other atmospheric stresses

As in (a) above, Medical Research Councils ought to be able to provide infor

mation on annual grants for epidemiological research related to atmospheric
stresses other than air pollution. Realistically, the total amount is unfortunately
likely to be small.
(3) Engineering-type applications with respect to air pollution

Up to 201 of the cost of preparing an environmental impact statement is due to
the cost of climatological air pollution assessments (including meteorological field
surveys). The money Involved must therefore be very large - at least five million

dollars per annum in North America alone.

(4) Engineering-type applications with respect to other atmospheric
stresses
Climatological information is an important input to health-related applications

not involving air pollution.

However, the monetaryvalues are usually impossible to

estimate. In the safety field, for example, there is no way of estimating the number

of accidents that would be avoided if a particular standard or regulation were
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adopted (and enforced!).

Similarly, the monetaryvalue of including a reduction of

heat stress or wind chill as a design factor in urban development cannot be quanti
fied.

Here we speculate that the monetaryvalue of such applications is not large but is
nevertheless significant.

Nominally we assign of value of 2 million dollars per

annum for North America.

8.

Conclusion
Climatological (Including air pollution) information is of great value in assess

ments of the state of human health.

However, conventional economic methods of

costing damages due to air pollution are not appropriate in the case of health
effects, although they may be quite suitable for costing the impacts of pollutants
on materials and vegetation.

An alternate very simplified global approach to estimating the value of clima
tological information is proposed.

Although this paper does not include any

worked example, the general conclusion is that:

(1) In the case of air pollution, climatological (Including air pollution) informa
tion is of major importance in epidemiological studies and in environmental

impact assessments. The value of such inputs could well exceed 5 million dol

lars in North America.

(2) In the case of atmospheric stresses other than air pollution, the number of
epidemiological studies is smaller, and the dollar expenditures are comparl-

tively less.

In this connection, a need exists for epidemiological studies in

problem climates (moist tropics, dry deserts, cold arctic) where synergistic
responses between air pollution and other atmospheric stresses are possible.
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DROUGHT, FAMINE AND THE SEASONS IN SUB-SAHARAN AFRICA
Michael H. Glantz
Environmental and Societal Impacts Group
National Center for Atmospheric Research
Boulder, Colorado USA

INTRODUCTION
The dominant view of climate held within the development community, as late as the
early 1970s, was that of a fixed boundary condition; that is, a constant given about which
society could do little (Glantz, 1987). As one report questioned,

By any rational definition of 'underdeveloped country' most of them are
entirely--or partially--in the tropics. Is [a hot tropical] climate the common
factor that keeps them underdeveloped? (Greenwood, 1957, p. vii)
Those who held this view contended that the climatic characteristics of a region set the
stage for its economic and social development. As such, climate was considered a major,
if not dominant, constraint to economic and social development in many locations around
the world. The view was that either a region received enough rain for agricultural
production and yields and production would be high, or it did not and yields and
production would be low and erratic. It was believed that local populations had adjusted
their agricultural activities to prepare for the perceived average seasonal conditions
that their societies faced.

Recently, however, there have been two periods of intensified worldwide climate
anomalies, especially drought. The first occurrence of widespread drought took place in
1972-73 (Fig. 1). This shattered the perception of climate as a fixed boundary condition,
for it made clear that climate was not a steady unchanging state. After the
climate-related food shortages of 1972 and 1973, climate variability and climate change
became the important foci of attention for scientific researchers and policymakers (WMO,
1979).

Climate is now coming to be viewed by climate impacts researchers as constantly
changing from monthly to decadal and longer time scales. Since 1972, attention has
focused on the interannual variability of climate, how such variability affects society,
and how a society might prepare itself for coping with climate-related surpluses and
shortfalls in food production. The variability of precipitation and temperature is of
great importance to all societies, but especially to those dependent on agriculture. This
became clearer once again during the second set of devastating droughts which occurred in
1982-83 (Fig. 2).
Although there were major droughts and climate-induced food shortages around the
globe—in various parts of Africa, India, China, Indonesia, Brazil—famines occurred only
in Africa. Whereas in the early part of this century people spoke about China as the land
of famine, and later they referred to India in the same way, both of these countries have
recently been successful in dealing with food production and distribution problems.
Today, sub-Saharan Africa is considered the land of famine, with several famines having
occurred, coincidentally, in the post-independence period. There has been considerable
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speculation about the causes of these famines with "blame" being attributed either to
purely physical phemonena, such as drought, or to purely social, political, or economic
factors.
Some of the recent regional droughts in Africa began as early as 1968 and
apparently continued into the mid-1980s, as suggested by the following regional rainfall
index (Fig. 3) for the West African Sahel (Lamb, 1985; Lamb, personal communication).

Concern about African droughts, however, declined abruptly in 1974 with the apparent
return to near-normal rainfall. Even though the meteorological conditions for that period
had not really returned to "normal," a general belief existed that the Sahelian and
Ethiopian droughts had ended and that life at the village level and among the pastoralists
would return to the relatively favorable predrought levels. Recently, Nicholson (1983,
p. 1986) commented on this apparent end to drought in the Sahel in the mid-1970s, noting
that

rainfall in 1974 and 1975 was still 15-20% below normal . . . but compared to
the previous years [1968-73], conditions had dramatically improved and drought
was generally presumed to have ended. The apparent return of ‘normal1 economic
and human conditions supported this assumption.
Yet, once again in the early 1980s much of Africa seemed to be plagued by a run of
intensified drought conditions, sparking a call for emergency food relief from
governmental and nongovernmental organizations alike.
The initial (and still prevalent) popular view has been that severe drought
conditions in Africa have caused widespread famines, mass migrations, environmental
degradation, and internal unrest. However, evidence strongly suggests that, while drought
may have been an important factor in each of these processes, and especially in the recent
food crises in various African countries, it was but one of several factors (Glantz,
1987). As Morse (1987, p. xiv), former Di rector of the United Nations Development
Program, has suggested,

. . . drought itself is not the fundamental problem in sub-Saharan
Africa. . . . The present drought has, however, intensified the interaction of
the factors impeding development in Africa; it has laid bare the African
development crisis.
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A recent report on famine goes a step further, noting that

At each stage from its genesis in rural poverty and food-production failures
through to the reduction of communities to destitution and starvation, famine
is avoidable. More than that, its causes are much more complex than just bad
luck with the weather. The simple assumption that, if the rains fail ....
less food will be grown and people will inevitably starve, may be a
comfortable abdication of any human responsibility for what has happened
(ICIHI, 1985, p. 24).
Drought's contribution to recent food (and agrarian) crises can be properly evaluated only
along with consideration of other coexisting internal political, economic, fiscal,
military, and demographic factors as well as external factors such as the mounting
international debt burden, worsening terms of trade, and international involvement such as
in Ethiopia, Mozambique, and Angola. Perhaps what is equally important as drought and
other factors that generate food shortages and famine is a consideration of seasonality
and a consideration of how drought affects (most often exacerbates) the existing linkages
between the seasons, food production, and various aspects of rural poverty.
The purpose of this paper is to explore in a preliminary way some of the linkages
between drought, desertification, famine, and the seasons. The stress that the different
seasons produce for farmers in sub-Saharan Africa is explored. Different types of drought
are then considered, as well as the effects that droughts might have on the seasonal
rhythm of agricultural activities and thus on the usual hardships that farmers and their
families face. Finally, the relationship between drought and desertification and drought
and famine are briefly examined. An attempt is made to integrate the effects of
seasonality into these relationships. It is important to note that this is an exploratory
study. Therefore the relationships suggested require further multidisciplinary
investigation.
THE SEASONS

The rhythm of the seasons is something to which every developed and developing
society has had to accommodate its climate-dependent activities. The onset and duration
of the rainfall as well as its distribution within the seasons and between seasons
represents an important but often neglected aspect of climate and of food production in
sub-Saharan Africa. A relatively small number of scholars have addressed the impacts of
the seasons on rural well-being and rural poverty in general (Chambers et al., 1981) and

Figure 4. Seasonality index. This is simply the sum of the absolute deviations
of mean monthly rainfall from the overall mean, divided by mean annual
rainfall.
In theory this index can vary between 0.00 (if all months have equal
amounts of rain), and 1.83 (if all rain is concentrated into a single month).
(Walsh, 1980, as quoted in Chambers et al., 1981)
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in a specific local context (e.g., Watts, 1983). Yet, I believe that the annual
progression of the seasons and its effects on rural poverty must be integrated into the
existing literature on drought, desertification, famine and development. While the latter
processes are highly visible and often spectacular, taking on a crisis mode, those
processes only worsen the effects of an already existing, less spectacular, but
potentially equally devastating climatic process, the changing of the seasons.

A rainfall seasonality index (Fig. 4) was presented in Chambers et al. (1981)•
This index essentially highlights the contrast between seasons of rainfall amounts in
different regions of sub-Saharan Africa. It does not separate different types of rainfall
regimes, such as one annual rainfall peak (unimodal) or two such peaks (bimodal). The
chart, in fact, is quite similar to one for interannual rainfall variability which
indicates that the higher the interannual rainfall variability, the higher the probability
of drought occurrence. Societies in such regions are most at risk from the vagaries of
climate, although societies subject to lower interannual variability are not immune from
such vagaries.
The progression of the seasons is a climatic characteristic that interacts with
drought and famine, as, for example, suggested in a UN FAO report which noted that
"preharvest shortages are sometimes acute and lead to famine conditions in years when
crops fail as a result of drought" (1962, p. 29). Preharvest shortages are a common
occurrence in many African societies. Such shortages have been referred to as periods of
seasonal hunger, that is, periods during which the nutritional condition of rural
population declines. Such periods paradoxically occur during the wet season and become
acute just prior to harvest.
The importance of rainfall seasonality has been explicitly recognized by
scientists in specific areas of research such as human health (e.g., Huss-Ashmore, 1983;
Schofield, 1974), but those dealing with broader issues of economic development have
generally given little attention to how such seasonality might act as a constraint upon
this development.
There are, of course, some notable exceptions (e.g., Chambers et al.,
1981; Watts, 1983). Chambers et al. (1979, p. 3) recently summarized the disparate works
that have addressed the issue of seasonality as it relates to various aspects of rural
poverty in the Third World, noting that
besides climate, seasonal patterns are also found in labour demand in
agriculture and pastoralism, in vital events, in migration, in energy balance,
in nutrition, in tropical diseases, in the condition of women and children, in
the economics of agriculture, and in social relations, and in government
interventions.

One of the most important issues related to seasonality and poverty is food production.
Moreover, there is a seasonal cycle to food availability as well (e.g., Watts, 1983;
Chambers et al., 1981).
Some regions have more pronounced seasonality than others. Some have a short
rainy season which coincides with summer and the highest annual monthly mean
temperatures. Others have rainfall in the winter months which is important to
agricultural activities (e.g., Morocco). Still others have high amounts of rainfall all
year long (e.g., the Brazilian Amazon). Seasons vary in the timing of their onset, in
length, in temperature extremes, in rainfall amounts, and in rainfall distribution within
the season. Even in years where the total amount of annual precipitation appears to be
average, an agricultural drought may occur because of an irregular distribution of
rainfall within the rainy season (see, for example, Dennett et al., 1985, on intraseasonal

1While much of this paper is geared toward the agricultural population, similar
considerations apply to pastoral communities. There are many reports and articles that
discuss the process by which pastoralists have become more vulnerable to the vagaries of
climate. Many of these reports point to political and economic factors, including few if
any incentives from their governments to cull herds, pressure to maintain herds that are
often larger than the exploited ecosystems can maintain in periods of climatic stress, the
unplanned and uncontrolled construction of deep wells, low prices offered for meat in the
urban centers, and so forth. All of these actions and more increase the vulnerability of
pastoral populations to lengthy drought episodes (see, for example, Monod, 1975; Dahl and
Hjort, 1976).
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changes in rainfall distribution in the West African Sahel). The inhabitants of the
different regions in sub-Saharan Africa have, in general, attempted to adjust their
agricultural activities and practices to prepare for what might be considered average
seasonal conditions.
Some societies are clearly less vulnerable, for a variety of reasons (including
technological factors), to climate anomalies than are others. A drought in the U.S. Great
Plains, for example, no longer leads to widespread malnutrition, migration, food
shortages, and famine as was the case in the 1930s and earlier, but recent droughts in
African countries such as Ethiopia and Mozambique still had devastating effects on the
well-being of their populations (e.g., Hagman et al., 1984, p. 13). Moreover, not all
segments of society are equally affected. For example, some groups (usually the poorer
ones) pursue activities such as dryland farming in climatically marginal agricultural
areas that provide them with little flexibility in responding to the vagaries of climate.
On this point Sen (1981, p. 43) noted that

Indeed it is by no means clear that there has ever occurred a famine in which
all groups in a country have suffered from starvation, since different groups
typically do have very different commanding powers over food, and an over-all
shortage brings out the contrasting powers in stark clarity.
Some members of society benefit from seasonality (e.g., rich peasants, grain merchants) at
the expense of the larger fraction of rural poor (especially during periods of cultivation
when work demands are at a peak and the nutritional status of the peasant farmers,
especially women and children, is at an ebb).

Keeping in mind that many social, economic, and political factors affect the
ability of groups to cope with the societal impacts of seasonality, making it difficult to
generalize, the chart on the following page (Table 1) represents a generalized situation
of the effects of seasonality on an agricultural community. It does not necessarily apply
to any particular community. The first column of the chart is based on a scenario
presented in Chambers et al. (1979). It is presented here to suggest to the reader how
the "usual" rhythm of the progression of the seasons might affect the rural papulations in
a community faced with a wet season and a dry season. The second column of the chart
suggests how drought might affect the seasonal rhythm of agricultural activities.
The impact of drought on society will vary in part according to its timing. If it
occurs at the onset of the growing season, for example, those farmers in a position to do

Figure 5. Interseason millet prices, from
Kaita District Office (Nigeria) (Watts, 1983).

Table 1.

Possible societal responses to the cycle of the seasons during favorable and drought-plagued periods.
(Usual) Seasonal Impact

Post-Harvest
(early dry
season)

• food available
• food prices decline
• migrant laborers return to villages
• morbidity declines
• mortality declines
• nutritional status improves

“Post-harvest food availability largely determines the size and
distribution of village calorie supplies, not just at the time
but until the next harvest” (Schofield, 1974, p. 23).
Dry Season
(late dry
season)

•
•
•
•
•

food becomes less available
food prices increase
nutritional status (especially women,
children declines
drinking water becomes scarce
dry season irrigation becomes more
important

Wet Season
(early wet
season)

• "hunger season" begins
• wild food use begins
• gathering added to agricultural labor
• high food prices
• poor families borrow agricultural inputs
• distress borrowing/distress sales
• draft animals in relatively weak condition
• diseases more prevalent
• morbidity increases
"During the wet season itself when seasonal food shortages
peaked, hardship could be partially alleviated by participation
in communal work parties and short-distance migration making use
of the variation in the onset of the rains (and hence in the
timing of planting, weeding, and harvest" (Watts, 1983, p. 49).

Pre-Harvest
(late wet
season)

food prices are at seasonal high
food intake is lowest (especially women and
children)
• body weights decline
• "hunger season" peaks

•
•

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

•
•
•
•

•

food availability declines
food prices continue to rise
domestic food self-sufficiency
jeopardized
families borrow from kin/friends
disposal of assets for money
migrants do not return
additional family members migrate
nutritional intake deteriorates
morbidity stays high or increases

food prices go even higher
little work available in rural areas to
earn cash
distress sales increase: livestock,
stored grain, household goods
food unattainable (due to lack of
availability, high price)
food-gathering activities intensify
nutritional status declines
seeds eaten (reduces future production)
eat plants/1eaves, etc., not usually
eaten
children's illnesses increase
morbidity increases
mortality increases
irrigation becomes limited as stream
flow is reduced
call on wider networks; reliance on
more distant kin, and on national
and international agencies
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"Peak-season labour inputs often coincide with seasonal food
shortages, as on-farm grain stocks are running low before prices
begin to be pulled down by the impending harvest "(Schofield,
1974, p. 23).

Prolonged Drought Impact
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so might replant several times thereby using up their seed reserves.
If drought occurs in
midseason, the number of options available to farmers, such as the planting of varieties
that require shorter growing seasons, would be much less, as the growing season would have
already been considerably shortened. Recent research on rainfall in the West African
Sahel (Dennett et al., 1985) has suggested that there had been a decline in midseason
rainfall (August) over the last few decades, a decline which has exacerbated severe food
shortages in that region.
Drought tends to intensify seasonal hunger and to spread it across other seasons.
As a result of drought, grain prices in the marketplace rise sharply, as illustrated in
the preceding graph (Fig. 5). Prolonged drought at first will adversely affect the
poorest elements of rural society and, as it continues, its effects will spread to the
relatively more affluent segments of society. As the poorer elements put their energies
into surviving from one season to the next, they become extremely vulnerable to the impact
of any additional insult such as drought, disease, or war (Rebecca Huss-Ashmore, 1986,
personal communication). Thus, the existence of seasonal hunger is a critical aspect with
regard to the levels of vulnerability that might be induced in a population, as well as to
the level of inability of those populations to buffer themselves from other problems.
Drought can eventually convert the already existing widespread chronic malnutrition and
seasonal hunger into full-fledged famine.

DROUGHT

It is important to know the difference between meteorological, agricultural, and
hydrologic droughts. Meteorological drought can be defined as a specified percentage
reduction in precipitation over a given period of time. One view of drought is a 25 to
50% reduction in average annual precipitation. This information by itself is often not
very useful to farmers because, although the amount of precipitation may be reduced in a
given time period, it might fall at times favorable for crop growth and development.
The origin of the word "drought" in English can be found in the Anglo-Saxon word
drugoth, meaning dry ground (Cooke, 1978). This meaning corresponds best with an
agricultural as opposed to a meteorological drought. Wang'ati (IDRC, 1985) captured the
essence of an agricultural drought when he wrote that such a drought might be defined as
"the lack of adequate soil moisture to sustain crop growth and production." He also
observed that "the severity of agricultural droughts . . . depends on climatic and soil
factors and the ability of the crops grown to adapt to the constraints of soil moisture
availability" (p. 19).
A hydrologic drought occurs when a reduction in streamflow adversely affects human
activities. Streamflow is obviously affected by seasonal precipitation.
In many parts of
sub-Saharan Africa farmers cultivate the area adjacent to rivers and standing bodies of
water, from seasonal ponds to perennial lakes. During low streamflow irrigation becomes
unavailable. The same situation occurs for standing bodies of water which, during
drought, become greatly diminished or disappear completely, thereby reducing the area that
might be put into cultivation.

Thus, reference to meteorological drought, by itself, does not fully explain
production-related food shortages, nor does agricultural or hydrologic drought. The type
of drought affecting food production must be identified in each particular case study, as
its effect on the problems associated with seasonality will vary from one case to
another.

As Table 1 suggests, drought (as well as average but poorly distributed
intraseasonal rainfall) disrupts the normal rhythm of the seasons and the socioeconomic
activities attuned to that seasonal rhythm. As mentioned earlier, a delay in the onset of
the rainy season may shorten the length of the growing season.
It can also cause repeated
false starts in planting as seeds sown fail to receive enough moisture to germinate. This
may prompt migration to neighboring agricultural areas that have received adequate early
rains.
Drought can also accelerate the "normal" rates of seasonal migration of young men
in search of wage labor to buy food for their families following the dry season. Severe
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and lengthy droughts can sharply increase the number of rural migrants to urban areas.“
Such migration leaves even fewer people (often women, children, and the elderly) to
produce food in the rural areas (Timberlake, 1985, p. 58). Drought can also leave local
farmers who grow cash crops extremely vulnerable to food shortages. During prolonged
droughts, they are unable either to grow enough food to subsist or to generate enough cash
from the sale of their drought-decimated cash crops to buy food in the marketplace.
Eventually they too migrate to other rural areas or to urban centers.

Drought also takes a heavy toll on draft animals, as it did in Ethiopia in the
1982-84 drought. The Ethiopian drought sharply reduced the draft animal population in
much of the northern part of the country and, as a result, when the rains returned, fewer
animals were available for tilling the soil. Thus, the amount of land that could be
seeded was considerably less than it had been before the drought (McCann, 1987).
There are numerous views about the role of drought in agricultural production. It
is important to be aware of these differing views because each one warrants a different
response by society to mitigate drought's impacts. An erroneous view can lead to
erroneous actions by society. For example, one view within the U.S. Department of
Agriculture of the effects of weather on the food balance situation in sub-Saharan Africa
appears to be misleading, as suggested by the following chart (Fig. 6), which depicts
weather (this must include drought) as having a direct effect only on crop yields
(USDA, 1981). A reaction, therefore, might be to resort to costly irrigation or to the
development of drought-resistant crop varieties. In fact, drought affects many factors
(such as migration, storage, land quality, acres seeded, etc.) identified on the figure,
and these effects are not simply the "indirect" effects from reduced crop yields.

While weather (drought) affects much more than crop yields, it is important to
keep in mind that it is but one contributing factor in a multifaceted situation. Another
view within the USDA, represented by the reports of the Economic Research Service (ERS),
suggests this. In one of its annual situation and outlook reports the ERS notes, for
example, that "drought and fertilizer import restrictions hampered food production"; that
"drought and low prices paid to producers created a food shortage"; that "drought and the
shift to cash crops left the rural populations vulnerable to shortfalls in food
production"; that "drought and existing malnutrition decimated village populations"; and
so forth (cf. USDA, 1984).

THE FAMINE-DROUGHT NEXUS
There are numerous reports, case studies, symposia, books and articles on the
subject of famine, written from just about every disciplinary perspective. Yet, with all
of this information, early warning systems still fail, famines still occur. Hundreds of
thousands of people still die. Famines continue to plague developing societies in spite
of all the technological advances that have been made with regard to food production,
nutrition, and to global communication.
Famine refers to local, regional, or national problems related to the availability
of or access to food that disrupt community well-being and place segments of the
population at considerable risk to hunger-related increases in morbidity and mortality.
According to Currey and Hugo (1984, p. 1) "Famine is a community crisis: a syndrome with
webs of causation through which communities lose their ability to support marginal members
who consequently either migrate in families because of lack of access to food, or die of

2Urban areas are frequently mentioned as the place toward which refugees go in times of
severe droughts and prolonged food shortages. There is good reason for this. Urban areas
are relatively protected from the direct effects of drought. Food imports and food aid
usually pass through urban areas which are relatively well endowed with infrastructure.
Most important is the fact that the urban populations are catered to by their governments
because they are the base of their national political power which can easily be eroded by
urban unrest. According to Lofchie (1987, p. 102), "The evidence that rising food prices
lead directly to urban unrest, and indeed, to critical problems of regime stability is
overwhelming. The list of African cities where heightened food costs have been directly
related to recent major episodes of political instability now includes such disparate
locations as Khartoum, Cairo, Tunis, Rabat, Kampala, Nairobi and Monrovia. The
relationship between urban inflation and political instability is so direct that it is not
surprising that so few African governments have contemplated serious reforms in their food
pricing systems. . . ."
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Figure 6. Interaction among food balance factors,
sub-Saharan Africa

starvation-related disease." To Watts (1983, p. 13) famine refers "to a societal crisis
induced by the dissolution of the accustomed availability of, and access to, staple foods
on a scale sufficient to cause starvation among a significant number of individuals."
Thus, as Apeldoorn (1981, p. 15) concludes, famine is a social issue:
. . . famine cannot be separated from the socio-economic system and the
organization of production and distribution. Therefore, any meaningful
discussion of potential or actual famine situations in the Third World is by
definition concerned with the wider processes of underdevelopment, dependency
relationships, and ownership and transformation of productive resources.

A review of the famine research literature (Torry, 1984) has identified some
important questions that arise: When does a famine begin? What criteria should be used to
determine its onset; the number of deaths that take place following a food shortage, a
particular level and magnitude of malnutrition for the general population, when food
production declines sharply, when a particular socio-economic class becomes affected by
food shortages?
Many observers believe that famines are a direct result of meteorological drought,
arguing that a lack of rainfall reduces agricultural production which leads to reduced
food availability in the marketplace which in turn leads to famine. When such a view is
held by high-level decision-makers, they may propose to arrest the emergence of famine by
applying technological solutions such as increasing the amount of acreage under
irrigation, or planting more drought-tolerant crops, or even planting high-yield varieties
on the most fertile land (perhaps under irrigation) in order to cover deficits that may
occur in the country's drought-prone regions. Often, however, such technological
solutions tend to favor cash crop production for export and not food crop production for
domestic consumption. This leads to an increase in food imports. As Morse (1987, p. xv)
noted, "Even Chad, with all its difficulties, had a record cotton harvest in 1984. The
bias in favor of cash crops to generate foreign exchange prevails in many parts of Africa"
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(see also Lofchie, 1975). Related to this issue, of course, is the take-over of
productive agricultural land in use primarily for subsistence food production by those
(usually governments and international donors) interested in increasing cash crop exports.

Even a cursory review of the historical record of any drought-plagued region shows
that famine does not necessarily follow drought. Most recently, for example, 31 countries
in sub-Saharan Africa were declared to have drought-related food shortages. Only five of
them, however, were plagued by famines. Each of those five (Mozambique, Angola, Chad,
Ethiopia, and the Sudan) were also subjected to internal war (Timberlake and Tinker,
1984). As Lofchie (1975, p. 553) has suggested, “To the extent that there is a connection
between drought and famine, it is mediated by the political and economic arrangements of a
society. These can either minimize the human consequences of drought or accentuate its
effects." This suggests that in order to determine the linkages between drought and
famine, drought and its impacts must be looked at on a case-by-case basis.
Drought, however, can set the stage for famine, especially if there are runs of
drought years.
In general, most societies are prepared to withstand one poor
food-production year. Social mechanisms at the local level in both farming and pastoral
communities are geared to protect families from an occasional poor harvest resulting from
meteorological or agricultural drought. A second year of drought, however, is
considerably more difficult to survive. A third year is even worse (as was the case in
Zimbabwe, Morocco and Mozambique) and a lengthy run of drought years, as has recently
occurred in the West African Sahel and in Ethiopia, can be extremely devastating to
families as well as to governments. Of course, it is somewhat difficult to compare the
impacts of the early part of the so-called 17-year drought to the latter part because by
the mid-1970s several governmental and nongovernmental international food aid agencies
were in place in many of those drought-plagued countries.
There are underlying conditions in society that predispose it to food shortages
and famine. There are precipitants that can convert those conditions into a famine
situation. These vary from one region to another and from one time to another even in the
same region. As has been discussed, food availability problems are not necessarily the
result of climate-related food production problems (i.e., precipitants) but can result
from the maldistribution of food resources within a country or from the inability of
poorer segments of society to pay for food available in the local markets (i.e.,
underlying conditions). Amartya Sen (1981) identified underlying causes of famine as a
function of "entitlement" to food within a society by disparate social groups within that
society. His examples, drawn from Latin America, Asia, and Africa, assert that poor,
malnourished people are converted into famine victims not because of supply problems
induced by climate anomalies such as drought, but because of lack of access to food in the
marketplace. He has noted that
the common predicament of mass starvation does not imply any one common
fundamental cause. Droughts, foods, general inflationary pressure, sharp
recessional loss of employment, and so on, can all in their own way deprive
large sections of the population of entitlement to adequate food (Sen, 1986,
p. 2).

With regard to the role of drought, Bush (1985, p. 60) wrote that "Drought clearly
accelerates the permanent impoverishment of the most needy among Africa's peasantry . . ."
Sen also addressed this point, asking "Why is it that producers of food are the first and
most seriously affected by drought and famine and why do so few town dwellersdie from
hunger while rural areas are decimated by starvation and death?" (Bush, 1985,p. 61). Sen
noted that
the importance of inter-group distributional issues rests not
fact that an overall shortage may be very unequally shared by
groups, but also in the very recognition that some groups can
absolute deprivation even when there is no over-all shortage
pp. 43-44).

merely in the
different
suffer acute
(1981,
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THE DROUGHT-DESERTIFICATION NEXUS

Drought often highlights as well as exacerbates inappropriate land use activities
and, in fact, is even very hard on land subjected to appropriate land-use practices.
Meteorological drought conditions can lead to the destruction of crops during their growth
stages, which in turn often leads to reduction in vegetative cover, eventually leaving the
soils exposed to wind erosion. Wind-blown sand can also act to destroy crops in adjacent
areas by covering them or by saltation processes. Dust in the atmosphere has also been
blamed for further suppressing rainfall thereby perpetuating the drought episode. Drought
can in many instances accelerate, and in some cases initiate, desertification processes,
though desertification also occurs in the absence of drought. As a recent New York Times
article has noted "Drought and desertification are intertwined. Progressive
desertification over the centuries has rendered the whole region more vulnerable to
drought. And drought, in turn, is accelerating the degradation of the land and increasing
the rate of desertification" (1985, p. 47).
Desertification is an all-encompassing (mega-) concept embracing virtually all
types of land degradation, especially in arid, semiarid, and sub-humid areas. For example,
wind and water erosion, soil salinization and waterlogging, and reduction in biological
potential are all aspects of desertification.

The anthropogenic causes of desertification can generally be categorized as
overgrazing, overcultivation, woodcutting, and improper irrigation practices. Grazing
(and overgrazing) activities take place on a seasonal basis. In the West African Sahel,
for example, the herders move their livestock in accordance with the seasonal availability
of pasture grasses, following the seasonal movement of the rain-bearing Intertropical
Convergence Zone (ITCZ). Drought disrupts this seasonal movement. If drought begins late
in the rainy season, it can leave herders and their herds stranded in the drier (northern)
reaches of their annual migratory routes with little pasture left between them and the
wetter areas to the south. The areas where they are stranded become denuded of vegetation
and susceptible to desertification.

In the past irrigation has been used in various arid and serfiiarid areas to protect
some Africans from the seasonal vagaries of the climate. These better watered, more
fertile lands are less affected during drought episodes and so one sees the paradox of
increasing crop exports during droughts when domestic food crops production sharply
declines. Yet, improper irrigation practices such as poor drainage leads to the
salinization of the soil thereby reducing its productivity. In time, such lands are
abandoned and new irrigation sites are developed.
The best agricultural land is usually put into the irrigation of cash crops. As
Timberlake (1985), among others (e.g., Glantz et al., in preparation), has suggested,
"...planting the best land in cash crops-- which almost invariably use less [sic] labour
than food crops--can push large numbers of subsistence farmers and herders onto more
marginal land, resulting in desertification" (p. 69). These new lands were either
agriculturally or climatically marginal areas and were, therefore, subjected to a higher
frequency of drought than areas from which these farmers had moved.

During a run of drought years, as soil fertility declines, there is a need to
bring more land into production in order to maintain the same total amount of production
that had been obtained on the more fertile land or on the same land under favorable
meteorological conditions. This process expands the area of degradation and ultimately
desertification. Grainger (1982) addressed the drought-desertification connection, noting
that

Drought can trigger rapid desertification and can make its effects more keenly
felt by those living in the affected area, but most scientists are agreed that
changes in climate are not responsible for the vast areas of land going out of
production each year (p. 6).

Several authors have begun to address the direct and indirect connections between
famine and desertification. If, as the students of desertification assert, relatively
large areas of once-productive farmland and rangeland have been degraded to the extent
that they are much less productive, or to the extent that they have been converted into
barren fields, then it is not difficult to see how desertification can become a
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contributing factor to famine. The process would best be described as a downward spiral
of land degradation that would result from the "catch-22" situation of an ever-increasing
human and animal population having to be supported on an ever-dwindling resource base.

According to Timberlake (1985, p. 38),
After the 1968-73 Sahel drought, both donors and Sahelian governments pledged
that their prime goal was to establish "food self-sufficiency" in the region.
Donors had become aware of the links between environmental degradation and the
famine, and promised to finance more projects which improved the environmental
resource base. . . .

Timberlake then noted that, of the several billions of dollars that went into the region
between 1975 and 1981,

. . . only 4% of the aid went to growing rainfed crops. Only 1.5% went to
ecological projects such as tree-planting and soil and water conservation, to
improve the resource base upon which rainfed agriculture depends (p. 38).
Progress in combating desertification has not been apparent. Berry (1984, p. xi)
suggested that continuing drought since 1978 has hampered the battle against
desertification. His report, however, underscores the lack of understanding about
desertification and how it links to famine. Timberlake concluded his book on the African
crisis, explaining that he

. . . tried to describe the environmental bankruptcy which is spreading
insidiously across Africa, which has made Africans so vulnerable to the terrible
famines of 1984 and 1985, triggered by the drought. Bankrupt environments lead
to bankrupt economies and bankrupt nations, and could ultimately lead to a
bankrupt continent (1985, p. 224).
CONCLUSIONS

About twenty years ago, drought was viewed as primarily responsible for food
shortages and famines in various parts of Africa, especially in the West African Sahel.
With an apparent "break" in the drought of 1968-73, there was considerable opportunity for
retrospective assessments of the role of drought in the development of food shortages and
famines. As a result of those assessments and despite the fact that no general agreement
has emerged on the causes and the impacts of widespread and prolonged drought, I have come
to view drought as an aperiodic, recurring constraint on economic development in
sub-Saharan Africa but not as the primary or sole source of the agrarian crisis existing
in most countries on that continent. Drought is most often a contributing factor to other
underlying problems plaguing societies that are dependent on agricultural production for
their livelihood and welfare. The importance of drought as a contributing factor in any
given situation must, however, be determined on a case-by-case basis from one region to
the next and from one time to the next, even within the same region.

Another aspect of climate variability that affects the livelihood and welfare of
various segments of different societies in sub-Saharan Africa is seasonality. Many
researchers in a variety of disciplines take the seasons for granted. There is little we
can do about the seasons; they come and they go on a regular basis, and they seemingly
serve as a boundary constraint to agricultural activities. However, the way in which the
recurrence of prolonged drought further distorts the effects of seasonality on the
livelihood and welfare of rural populations is, I believe, of extreme importance for the
understanding of how societies might best prepare for or mitigate the impacts of those
prolonged drought episodes.
If we do not look at the effects of seasonality when we are
attempting to ascertain the effects of a drought on society, we will be focusing our
attention only on the outlying extreme climatic events which occur relatively less
frequently. By assessing seasonality and its impacts on human activities, we can then
more properly determine the role that prolonged drought has played in the agrarian crisis
in sub-Saharan Africa.
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SOCIAL MID ECONOMIC VALUES OF APPLIED HUMAN CLIMATOLOGY
Wolf H. Weihe
Biological Central Laboratory
University Hospital, University of Zurich
Ramistr. 100, 8044 Zurich, Switzerland

When Renaissance artists depicted Adam and Eve as being naked
in the Garden of Eden they suggested that the climate in
paradise was continuously comfortable at a temperature at
which clothing was not required. The Fall of Man points to the
beginning of the conscious confrontation of mankind with
climate. Since his expulsion from Paradise man has been
searching for comparable comfort while establishing his species
in the many different climates on earth. He still needs to invest
much time, energy and thought on the provision of conditions
of thermal comfort on which his health, performance and well
being depend.

HISTORICAL DEVELOPMENT
Advancing from the tropical climates where the cradle of mankind is
believed to have been (Grayson and Kuehn, 1979) man has gradually
settled down in almost all terrestrial areas. For thousands of years man
has dealt with weather and climate empirically, learning from
experience and coping with unavoidable disasters. In prehistoric times
man lived in caves or simple shelters which provided all-round
protection against beasts, enemies and adverse effects of climate. These
basic motives for protection still exist today but their relative
importance has often changed throughout history. The greatest discovery
of mankind in the search for protection from the cold of the outdoor
climate was the use of fire for heating. In early cultures spinning and
weaving fibres enabled man to make clothing for replacing animal skins
to cover the body. Tools were invented which facilitated the erection of
simple dwellings from local materials. Advanced cultures brought the
refinement of clothing differing in insulation values, the erection of
wooden and stone houses, the heating and cooling of houses, the
utilization of hot springs for heating and bathing, the evaporation of
water from wetted surfaces for cooling, and the instalment of warm and
cool baths. Building of dwellings and Installations was gradually
improved through inventing and trying out new materials, structures and
devices to provide shade from the light and heat of the sun and
protection from the impact of wind, and to utilize wind for cooling and
ventilation. With advancing civilization the materials, methods and
techniques for cooling, heating and clothing were enlarged and refined,
and such methods were utilized for the exploration and conquest of
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climates of which ho knowledge and experience existed. The advent of
trans- and intercontinental land and sea travel of individuals to far
distant areas initiated the exchange of materials, experience, and
knowledge. Experiences were compared and evaluated and the methods
for clothing, housing, heating and cooling tried out under more varying
and daring conditions.

Civilization brought an awareness of the value of the observation of
weather and climate. In Europe this was initiated by the period of
enlightenment which liberated the sciences from dogma and superstition.
The first systematic observations of weather in Europe were initiated in
Paris in the seventeenth century under the French king Louis XIV ( 16431715) but Is was not until the eighteenth century that instrumental
recording was introduced. The invention and construction of instruments
progressed slowly. In 1714 Fahrenheit (1686-1736) constructed a
thermometer with a graduation scale which made measurements
comparable. Thirty years later Celsius (1701-1744) described the
centigrade scale and established the science of thermometry. In 1783
Horace de Saussure (1757-1791) published the “Essai sur hygrométrie".
His studies led to the invention of the hair hygrometer and other
instruments, but the problems of measuring humidity were not overcome
before the middle of the nineteenth century. By the end of the nineteenth
century the four principal factors of the thermal environment, air
temperature, water vapor pressure, short wave solar radiation and air
movement were recognized and Instruments for them qualitative
measurement were available in some industrialized countries.
During the nineteenth century explorer scientists such as Alexander von
Humboldt ( 1769-1859), Charles Darwin ( 1809-1882) and many others
used these early and progressively improved instruments during year
long journeys and brought back with them thousands of recorded data on
climate for which a systematic order was required. The many expeditions
contributed to the development of climatology as a means for the
objective and reliable presentation of the climatic conditions of a
defined area, which was needed for comparison, coordination with and
interpretation of data on flora, fauna and communication between
countries and nations. By the middle of the nineteenth century plant
distribution was used for the classification of climate. The application
of correlation and coordination methods has been continued well into
this century and culminated in the classification of world climates by
Koeppen ( 1931 ), Thornthwaite (1948), Troll and Pfaffen (1964) and Troll
(1968).
That climate consists of changes in the atmosphere and that the changes
affect the human body was stated in 1845 by von Humboldt in his book
“Kosmos”. It may have been the overemphasis on the importance of a
climatology for application to plant and animal life which inhibited the
concern of the medical sciences with the relationships between climate
and man until the beginning of this century. By then Industrialization was
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expanding rapidly and demanded hard labor under unnatural and extreme
thermal conditions. Thermal discomfort with decreased efficiency of the
workers called for a qualification and quantificaltion of the climatic
conditions for work. In 1905 In British mines Haldane ( 1905) used wet
bulb thermometer values to work out recommendations on permissible
and undesirable conditions for mine workers. In 1914 Hill devised the
kata-thermometer, an Instrument with direct relevance to the human
being and later defined cooling power of the air (Hill at al. 1922). After
the experiences during the first world war (1914-1918) when large
contingents of troops had to fight with unusually long and extreme
exposure in greatly differing climates a rising number of scientists
began to investigate the responses of man to climate. In the USA airconditioning engineers focussed their interest on the thermal sensation
of people which led to the elaboration of Effective Temperature (ET) as a
thermal Index by Houghten and Yaglou ( 1923). This was a major
breakthrough and dates the beginning of man's systematic scientific
concern with his thermal environment in relation to health. Long before
the physical and physiological conditions of heat exchange between the
body and the environment were properly investigated and understood this
publication demonstrated that man is able to make precise and
reproducible judgements about his thermal state. By and large
industrialization facilitated as well as demanded technical
developments In the field of heating, ventilation, air conditioning and
refrigeration.

A new stage in history began In the middle of this century with political
movements to allow all nations and people to share in the great
socioeconomic development since Industrialization. A world community
is visualized in which all people have equal rights and chances to enjoy
health and well-being (Laszlo, 1972). An essential aspect is the
provision of thermal comfort and the protection against the adverse
effects of climate. Measures for the Improvement of the socioeconomic
conditions focus on nutrition, clothing and housing all serving for
thermal comfort. People are becoming better protected and learning how
to deal with climate successfully. In the past the better the
socioeconomic conditions in a country were the more effective were the
measures for dealing with climate (Weihe, 1986; World Health
Organization, 1983, 1986).

On a global scale all stages of development of protection against the
adverse effects of climate still exist. The methods and standards
developed in temperate climates do not necessarily represent the
optimal model for realisation in all climates. The Introduction of
elaborate air-conditioning technology to all tropical climates would be
very expensive and only a few people would be in the position to profit
from it. The progress In providing thermal comfort in Industrialized
countries has greatly stimulated interest in the interaction between man
and his environment In physiology, psychology, and medicine. Empirical
achievements in the various cultures are looked upon with new eyes and
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analysed and interpreted on the basis of advanced knowledge in context
with other factors such as the natural resources, economy, population
density, and education to mention a few. The essential drive for thermal
comfort is now seen in an ecological context with the environment
divided into four sections, the physical, the chemical, the biological, and
the sociopsychologlcal.
The complexity of the problem is illustrated by the great Improvements
in the prevention of diseases and the Increase of the life expectancy In
all parts of the world. They are not only achieved through better
protection against the adverse effects of climate, so that more people
can live under conditions of thermal comfort, but also through better
nutrition, hygiene, and measures of preventive medicine. The raising of
socioeconomic standards led to an improvement of control over all
ecological factors that affect human health. The socioeconomic
conditions in post-war Japan were low but they rapidly changed to the
better with the build up of Industries and rising production of goods. In
that country Infant mortality from bronchitis and pneumonia used to be
high in winter. The mortality from both seasonal diseases dropped from
200 deaths/100 000 in 1950 to 24 deaths/100 000 in 1970 and the
typical winter peak of mortality disappeared (Momiyama, 1975). Infant
mortality in Chile and other South-American countries was high at low
temperatures and low humidity with a clear dependence on
socioeconomic conditions of the people, being higher in the poorer less
educated and lower In the better to do and educated classes (MontayaAguilar, 1977). As in Japan the mortality decreased when the
socioeconomic conditions improved (United Nations, 1982; World Health
Organization, 1983).

Industrialization has desirable as well as undesirable results. It has
introduced new stress factors in the ecosystem of modern man such as
air pollution and noise that offset the extent of well-being reached. In
addition as a price of thermal comfort man has been forced to work more
under unnatural extreme thermal conditions in steel mills, mines and
factories and to live in artificial heat Islands building up Inside growing
cities in warm climates which impose more stress than in the rural
areas around them (Weihe, 1986).

PRINCIPAL ACHIEVEMENTS

Important developments have taken place during recent decades in the
application of climatology to human health.
- Protective measures for the body have been widely introduced with
great success so that acute climatic damages such as heat exhaustion,
heatstroke, and frostbite have become rare accidents.
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- The incidence of many seasonal communicable diseases which were
considered to be promoted by climate such as gastrointestinal,
respiratory, insect-transmitted and parasitic diseases, has decreased or
lost the seasonal character since climatological evaluations have been
incorporated in the measures against the transmittance of the causative
agents.
- The particular attention given to the organ systems involved in the
response to heat and cold stress such as the cardiovascular and
respiratory systems has raised the awareness of their susceptibility to
failure when their capacities are reduced by diseases. Individuals at risk
from systemic diseases are profiting from controlling their living
conditions and behavior with respect to weather and climate.

- The awareness that climate affects man's temperature regulation has
promoted a refinement and widening of the application of climatological
data In many directions. From a former limitation to occupational health
and to communicable diseases climate Is now being considered
systematically in many other fields of human health such as recreation,
therapy, sport, travel, clothing and housing.
- On the biological side data for biostatistics become increasingly
available. The recording of biological, in particular medical data has
Improved considerably in number of topics, sample size, reliability, and
standardization. Mortality data separated by cause, gender, age, and
income level are available on a national scale and are based on an
acceptable international terminology such as the International
Classification of Diseases (ICD) of the World Health Organization ( 1977).
- On the meteorological side the availability of data of meteorolological
elements and factors and the density of data sequence is steadily
increasing. The recording stations are being perfected, their number is
steadily growing worldwide and new Instruments are being developed to
enlarge on more specific measurements particularly for the recording of
biologically Important fractions of the solar radiation spectrum. A case
in point are the fully automatic recording stations recently put into
operation In countries like the USA, Japan, and Switzerland. These
stations are independent of a human observer and not limited to a few
readings daily. The huge daily impuit of data is now assessed by
internationally connected computer programmes. New data evaluation
methods have been worked out for a better network within the World
Climate Programme of the World Meteorological Organization.
- The increasing availability of biomedical, climatological, and also of
diverse economic data on the life of the people has facilitated
multivariant correlation studies based on large sample size. The factors
and their relative importance within the man-climate relationship can
now be more consequently extended to consider other factors of the
environment. The systematic separation of the factors which take part In
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the causation of effects enables human biologists, medical
professionals, economists, climatologists, and polititians to make safer
decisions and realistic judgements on the role of climate in the
ecosystem of man.
CATEGORIES OF HUMAN HEALTH

A human health climatology is concerned with the assessment of
meteorological data for correlation and coordination with specific health
topics. The assessment of data needs to be made with regard to a
particular field, question or problem in the vast and diversified area of
human health. Six categories are proposed which cover most aspects of
the life and health of people where climate has or may have an influence.
The categories are:

1;
2.
3.
4
5.
6.

Comfort indoors and outdoors,
Occupational work: time, duration and load,
Sport and leisure,
Travel, vacation and migration,
Prevention of disease, rehabilitation and therapy,
Morbidity and mortality.

The categories can be subdivided depending on the specification of the
biological parameter, e.g., category 2 in work in the heat and work in the
cold. In each subdivision the coordination of the biological parameter
with the climatological parameter has to consider limits of strength
such as the desirable, permissible, and undesirable or intolerable
climatic conditions. The weather conditions in temperate climates can
be expressed as duration and frequency of changes and the limits of
strength defined, e.g., for factory work or the aggravation of
cardiovascular diseases. An overlap or similarity between the categories
and their subdivisions Is apparent and will be revealed by the
assessment of the climatological data. Only a more general description
is outlined here.
Category 1 covers comfort, satisfaction and well-being of healthy single
and groups of individuals at rest and during various physical and mental
occupations indoors and outdoors. It includes Insulative and protective
use of clothing.
Category 2 covers occupational physical and mental work involving high
energy expenditure and endurance for healthy individuals under moderate
and extreme climatic conditions indoors and outdoors.

Category 3 covers voluntary physical work in all kinds of sport, training
and activities during leisure time with respect to performance levels
and exercise duration, and recovery from occupational and voluntary
work.
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Category 4 covers short and long periods of vacation and travel,
migration, nomadic wandering or settling down in another than the native
climate for any length of time. Vacation and travel refer to apparently
healthy individuals who expose themselves to sudden and repeated
change of climate for short- or long-term periods. The mechanisms of
adaptation are of significance for all topics of this category.
Category 5 covers the prevention of communicable and non-communicable
diseases including the distribution, suppression or elimination of the
transmitter insects and viable bacteria, parasites, and allergens. It is
much diversified and branches out into many fields of ecology such as
insect life, plant distribution, and vegetation periods for pollen and
mould distribution. It concerns in particular the high risk groups, e.g.,
infants, the elderly, and weak individuals during recovery from illness.
Category 6 covers the outbreak and exacerbation of and the death from
all diseases in particular those for which an aggravating effect of
weather and climate has been established or may exist, the so-called
meteorotropic diseases.
The diseases considered in categories 5 and 6 should be classified in
accordance with the ICD (World Health Organization, 1977) to make
international communication and comparison possible.

APPLICATION OF CLIMATOLOGY TO HUMAN HEALTH CATEGORIES
For the assessment of meteorological data different topic-orientated
methods are needed. This was first realized by biologists for the various
topics of categories 1 and 2. Physiological parameters or human
activities were compared with single meteorological factors or a
combination of several factors in the numerous thermal indices designed
and tested for cold, hot, dry, humid, sultry, bright, and solar Incident
conditions (ASHRAE, 1972; Lee, 1980; Macpherson, 1962). Some Indices
were developed in order to promote research in applied physiology,
others for practical application in daily life.

Three classes of assessments can be distinguished:
- Class I, those that are based solely on meteorological elements which
are coordinated with human parameters
- Class 2, those that are a combination of meteorological and human
factors;
- Class 3, those that are based on human parameters which are
coordinated with meteorological factors.

Class 1 assessments are most numerous and best known. Examples are
the Discomfort Index (DI) with Ta and Twb as variables (Thom, 1959),
Operative Temperature with Tg and Ta as variables (Herrington, Winslow
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and Gagge, 1937), and the Wet-Bulb Globe Temperature (WBGT) with Ta,
TWfa. and Tg as variables (Yaglou and Minard, 1957). An example of a manorientated climate classification distinct from the Koeppen
classification Is the Human Climate Index (HCI) by Maunder (1962) for
the New Zealand climate. A total of 13 climatic elements is weighted by
use of rating factors for each element and the sum of the 13 weighted
ratings expressed as an index X of the human climate. Selected
climatological data can be directly utilized for defined purposes in
categories 3 and 4. Harlfinger (1985) has extracted from standard
climate tables those data which can be Important or representative of
the local climate for vacation makers on the European continent: mean
dally maximum and minimum temperature, monthly water temperature,
number of days with rain, mean number of hours of sunshine, and the
mean percentage of sunshine per month. Depending on the particular local
conditions, wind speed, days with fog, frequency of thunderstorms and
cooling power of the air may be of Interest as well as air pressure and
UV radiation at vacation places In the Alps or other mountain regions.
The presentation of selected climatological data permits a choice to be
made for coordination with different activities, such as sunshine hours
for sunbathing, water temperature for swimming, wind for sailing, and
clear days for hiking. Reifsnyder ( 1980) designed a bioclimatic index
specifically for backcountry hiking and camping in the USA and Canada,
correlationg mean monthly temperature and windchill temperature below
15.5 *C with monthly mean precipitation. His approach was limited
because for most backcountry areas wind measurements are rare and
sunshine data non-existent. In this case the data would provide
additional Information which would facilitate the hiker's decision on
clothing and pack load or even whether to go at all at a particular time.

Recently Primault (1984) has enlarged on the classical climatological
assessment methods with emphasis on the variation of conditions. He

Fig. 1. Discomfort Index (*C) at 13.00 h over 10-day periods, Zurich, 1967-1985. Rods
indicate maximum and minimum. 50 X of the events are in the rangs from 25 to 75
(Center part of the rod), 80 £ in the range from 10 to 90 ( intermediate part of the
rod). (With permission from B.Primault).

241

calculated means or median values and their standard variation or ranges
for I O-day periods instead of the month as a 30-day standard period
(Figi.). This greater dissolution of 10 instead of 30 days is adapted to
the change in the length of vacation periods with extended weekends and
rapid travel times . The predictability of wanted or unwanted conditions
has been increased as typical short lasting weather phases during
specific months have been revealed that are not evident in the 30-day
periods. Such evaluations are possible for many parameters singly or
combined. Since the introduction of automatic weather recording
stations data are available for every hour and even within an hour.

Class 2 assessments combining meteorological and physiological
parameters are complex and restricted to standardization. Physiological
parameters Include individual judgements on thermal sensation and
thermal comfort such as Effective Temperature (ET) by Houghten and
Yaglou ( 1923) varying Ta, Twb and air velocity for nude and lightly clad
persons. Further examples are the Predicted Four-Hour Sweat Rate
(P4SR) combining Tg, Twb, air velocity, metabolic rate and standard
clothing or the Predicted Mean Vote (PMV) by Fanger ( 1972) considering
Ta, Tmr, water vapor pressure, relative air velocity, metabolic rate ana
thermal resistance of clothing. Solar radiation Is incorporated in the
Index of Thermal Stress (ITS) by Givoni (1969) considering Ta, water
vapor pressure, air velocity, solar radiation and metabolic rate as
variables at three levels of clothing Insulation. Gregorczuk (1968) has
computed enthalpy values on a global scale and coordinated them with
the comfort scale by Brazil. Terjung (1966) described a bioclimatic
classification based on thermal comfort of man and went as far as to
differentiate between physiological climates during day and night.
Finally, class 3 assessments start with physiological parameters, single
or combined to numerical values which then have to be coordinated with
climatological data. They have been worked out for extreme conditions in
heat to determine the safe working times or tolerance times of working
men by coordinating energy expenditure and clothing as variables with
meteorological factors such as Ta and Twb (Lelthead and Lind, 1964; Lind,
1977). Lee and Lemons ( 1949) constructed maps of clothing for global
man.

The number of climatological assessments presently available for
application to topics of categories 5 and 6 Is small. In Israel a
simplified Discomfort Index (DI) by Sohar et al. (1978) has been used to
indicate the time and number of hours permitted for outdoor activities
during the day to prevent heat stroke. In some countries on the European
continent particularly in Germany and Switzerland, with great
differences in local climate and marked and sudden changes of weather,
classifications of weather have been worked out. Best known is the
Temperature Humidity Milieu (THM) by Ungeheuer-Brezowsky (Brezowsky,
1964). This assessment method has been used in correlation studies with
data on morbidity and mortality from a large variety of causes, and has
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recently been applied in biomedical forecasting for informing medical
practitioners of those weather conditions for which an increase in the
incidence of cardiovascular events could be anticipated. The evaluations
of the THM are based on meteorological data covering large areas and are
not prepared separately for each town or city. Local climatological
assessments with regard to human health are mandatory for climatic
spas In several European countries. They are based on a standardized
recording scheme over several years with particular emphasis on heat
and cold Impact and variation of climatic conditions. On the basis of such
extended climatological evaluations the suitable seasons, months, even
hours for various types of climatotherapy and summer and winter sports
such as outdoor swimming, walking, hiking, and skiing can be made. In
Switzerland the altitude of health spas In the mountains Is particularly
considered because of the decrease of temperature and vapor pressure,
and Intensified solar radiation and wind with altitude. Spas are
classified according to the prevailing conditions as having a protective
climate, stress climate or mild or strong stimulating climate. The
classification provides the basis for recommendations on the choice of
the spa for therapy, rehabilitation, cure, recreation and sport.

REQUIREMENTS FOR HUMAN HEALTH CLIMATOLOGY

For the practical application of climatology to human health topics three
requirements should be considered. First, the choice of factors needs to
be based on established or probable stimulus-response relationships. Not
only factors which determine the thermal conditions Indoors and
outdoors but also many others such as light or ultraviolet radiation
Intensity call for consideration. Second, the dynamics of a factor need to
be characterised such as the variation of intensity, the length of time
for which standardized conditions exist and the length of the time span
within which changes occur. Third, the assessment of meteorological and
biological data needs to be purpose-orientated (Prohaska, 1967). It is a
rather useless exercise when the climatologist assesses his data from
the meteorological point of view and the biologist prepares his data for
purely biological representation and the cooperation between the two
only begins afterwards (Lee, 1950). This casual cooperation has
instigated many random correlation studies from which unreasonable
causal relationships were inferred. Correlation does not prove causation
in the effects of the atmoshere on man and as Sargent (1960) stated, is
no more secure than a house of cards.
Progress is dependent on the dialogue between the two disciplines at the
beginning of any assessment with the biologist as the consulter and the
meteorologist as consultant. It is the biologist who formulates the
problem and feels responsible for the human being. Such cooperation
should begin with mutual planning of recording of data In both
disciplines at an early stage. In the past this close cooperation has been
inadequately developed and promoted. It appears that many valuable
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meteorological data are hidden away like treasures in bank safes and
available climatological assessments do not always satisfy the
expectations and requirements of the biologist. The meteorologist cannot
be blamed for this because his primary concern is not focussed on the
health of man. Within his own discipline he Is confronted with
differences in terminology and Interpretation (Prohaska, 1967). The
specific questions and problems designated In the six health categories
and their subdivisions will have to be clarified by the biologist in
advance who will then have to explain to the meteorologist what data is
needed (Lee, 1950). The value of the meteorological data and their
climatological assessment for human health depends on the
understanding of the various human health experts and their readiness to
make use of them.

TEMPERATURE REGULATION AS A GUIDELINE

The brief overview on the achievements In human health climatology has
shown that the direction it has taken has been determined almost
entirely by the problems concerned with man's need and desire for
thermal comfort, avoidance of thermal discomfort, and the protection
from the Impact of extreme thermal conditions. The maintenance of the
heat balance is the primary response which determines or affects all
other behaviors and activities of man. Temperature regulation as the
controlling mechanism over the maintenance of the heat balance is not
limited to autonomic-mechanisms but extends into the higher levels of
the individual and the social group. Temperature regulation has the
highest ranking of the regulation mechanisms followed by nutrition and
reproduction. This Is expressed by the fact that It Is predominantly under
the control of the consciousness. The need and desire for thermal
comfort and protection from climate Is common to all people and
necessarily operates beyond the individual in the group and population. A
systems view of temperature regulation serves as a guideline for a
system analysis of the ramifications at the various levels of
temperature regulation in the life of the Individual and the group. Laszlo
( 1972) has grappled with the systems view of the world, Brody ( 1973)
with systems view application for man and the implications for
medicine, and Popper and Eccles (1977) with the psychophysical
interrelationships of the self in their three-world-theory.A model of
temperature regulation incorporated in a systems view of man is
presented in Fig.2.
The model (Fig.2) considers four levels and refers to both the individual
and the group. It should be read from the bottom level to the top level.
The bottom level refers to autonomic regulation as the basis, the three
levels above refer to conscious regulation based on behavior. The level
marked Spontaneous Behavior concerns the spontaneous momentary
behaviors as direct responses to the sensation of discomfort of the
Individual. They include change of posture and location, eating, clothing,
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exercising, and heating or cooling the body or the nearest space around
It. The feelings are modified by Individual preferences, early and late
experiences, attention and expectation, education, customs, and
dependend on awareness of available means and cultural and historical
determinants from the levels above. As the behaviors become routine

ATMOSPHERE
Air temperature, Heat radiation, Water vapor pressure, Air velocity

F 1g.2. Systems view of temperature regulation.

they operate from the uncounsciousness but any arousal by excess
stimulus or danger will bring them back Instantly Into the consciousness.
All behaviors at this level are self centered, momentary and unrelated
to the past or future.
On the higher level of consciousness the involvement of the mind creates
an enormous widening of the repertoire of temperature regulation with
Intellectual Behavior. The mind processes the three principal feelings
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thermal sensation, comfort and discomfort with reflection on past
experiences and possible consequences in the future. Hypotheses are
intelligently worked out and put on trial, new information is compiled by
exploration and experimentation such as methods for a healthy life and
the utilization of climate for therapy, and techniques are invented and
refined to furnish thermal comfort for the individual and social groups.
Examples are engineering technologies, air conditioning techniques and
climate determined building design. Whole industries have grown out of
the intellectual engagement of man in thermal comfort. New complex
behaviors will result with learning and there is a continuous
modification, abandoning and replacing of methods and behaviors.

Finally there is the supraindividual level on the top representing the
world which man has created with his mind in history and cultures, with
tradition, religion and moral values. Behaviors in individual regulation at
lower levels are determined by cultural adaptation at the higher level
with attitudes and concepts acquired, modified, abolished or reactivated
throughout history. Traditions and historical events have effects for
many generations. The inclusion of this level of socio-cultural behaviors
is mandatory because it constitutes a background with and against which
the individual acts and can compare his behaviors with those of the
social group. An estimation of the social values of a human health
climatology would be misleading without a consideration of the strong,
often dictating influences from this level on the behaviors at the lower
levels. Humanitarian aims are attracting more attention at the present
time than ever before. An extensive description of the model (Fig.2) is
given elsewhere (Weihe, 1987).

VALUES OF HUMAN HEALTH CLIMATOLOGY
The values of climate can be divided into those for human economy and
those for human health and health related activities. The values of
climate for economy have been dealt with extensively by Maunder (1970)
in "The value of weather". The values of climate for human health have
been a matter of concern only recently since the mechanisms of thermal
control in the body were systematically investigated and the thermal
conditions in the vicinity of the body better defined. Much of the recent
development consisted in revealing and overcoming the many errors and
fallacies particularly about topics of the health categories 5 and 6 such
as meteorotropic diseases. False values are being separated from true
values.

The coordination of human with meteorological parameters in applied
human climatology underwent a first large scale test during the last
world war ( 1939-1945) when the fighting efficiency and survival of
troops had to be secured in the Arctic, high mountains, cold and hot
continental climates, in dry and humid tropics, on ships, on land and in
the air (Adolph, 1947; Burton and Edholm, 1955; Ellis, 1953; Leithead and
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operations, but physiologists who were responsible for human survival
under climatic extremes interested them in preparing selected data for
application to purposes of human health. The cooperation which began
during the war was continued In the subsequent period In the last 40
years. It was promoted by the striking Improvement of the socioeconomic
conditions providing more time and money for leisure and vacation in
conjunction with modern development in means for mass transportation
by road, rail, sea, and air. It is now possible for a great many people to
make one or more changes of several weeks annually between climates of
significant difference. This has enabled individuals to compare the
effects of various climates on their health and promoted climate
awareness. As a feedback the interest of a growing number of individuals
has arisen in climatological data and weather forecasts and new factors
have found attention such as light Intensity, length of photoperiod, and
intensity of short wave infrared solar radiation and of UV radiation for
travellers to the south. With this temporary mass migration a
confrontation has taken place between the cultures of the native people
in housing and clothing and behaviors for coping with their climate and
the culture of the temporary invaders who Insist on their home customs
in another climate and society of which they have little experience.
The value of applied climatology in assisting the efforts for the
provision of health of the people in the developing countries cannot be
fully estimated as yet. Enough studies have not been made on a
worldwide basis to provide adequate information for generalizations.
Few studies are available In which the economic value of health
orientated climatology is discussed. One topic with enormous economic
consequences is whether a uniform comfort climate should or could be
provided on a global scale. To provide a standard comfort climate for man
worldwide (Fanger, 1972) by heating dwellings In cold climates and
cooling them in hot climates would be particularly expensive for the
tropical climates where the majority of the world population lives
(Weihe, 1979). Through building design some buffering effect against
strong heat can be achieved, but a much more Important factor is man
himself through the adaptive changes of neutrality and comfort
temperatures. As Aullclems (1982) has shown the accepted Indoor
temperatures can be allowed to vary up to the upper limits of the
comfort zone. This may be a difference of 4-5 'C from the common 23 'C
to the permissible 28 *C. The substantial savings of energy for cooling
would extend over several months in hot climates. Costs for cooling are
about twice as high as for heating. In addition the people living in the
buildings would not be forced to adapt to unnatural cool conditions
Indoors during the hot season by Increasing the thermal gradient indooroutdoor which would Introduce additional stress. Here cultural-social
developments placed in the top level of the temperature regulation model
may prove to be of superior value to unrealistic theories of a uniform
comfort climate for all mankind.
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In a report of the regional WHO office for Europe (World Health
Organization, 1982) on “economic aspects of communicable diseases” it
is stated that “economic issues in health care, health economics is now
widely recognized as having an essential part to play in the planning and
delivery of health services. - particularly important applications have
been found in assessing the economic burden imposed by different
diseases and In evaluating alternative methods of prevention and
treatment through cost-effectiveness and cost-benefit types of
analysis" (p. I). The analysis of a health topic in terms of health
economics Imposes complex problems and will have to begin with an
assessment of the role of climate and includes a calculation of the cost
components, divided into direct costs and Indirect costs of the topic,
e.g., individual cases of sudden heart death during the warm season or
pneumonia during the cold season. The role played by climate in the case
and whether the particular climatic situation was considered by the
patient or the doctor would have to be clarified. Apart from a direct
damaging effect, the active or passive role of the patient In the event
needs to be clarified. If he played a passive role because he was exposed
to the adverse climatic conditions without means for protection, then
his living conditions need improvement. This Is a public health topic. If
he played an active role either by risking exposure or by not behaving In
accordance with his state of health and the climatic conditions, it
remains an open question whether better education and warning would
have helped to prevent the event. The example illustrates that in every
case the cost component of applied climatology shows an extremely wide
range of variation.
An easier example would be an economic analysis of the value of
climatotherapy. The expenses for the treatment of a patient with
climatotherapy during a 4-week stay In a sanatorium can be compared
easily with those for pharmacotherapy as an out-patient (Johnson and
Sullivan, 1975). Climatology is limited to climatic spas/ pharmocotherapy can be applied everywhere.

At the moment we can only contemplate on the economic and social
values of applied human health climatology as It Is as yet poorly
developed. The few examples of efficient application of climatological
data as for the prevention of damage and early Invalidity from work In
extreme local conditions are not representative for the vast range
indicated by the six health categories. An interesting and promising field
for estimating the economic value of applied climatology is in the
tourist industry which has Increased in size and expanded into more
climates from year to year.

The social value of a human health climatology is large. People need to be
educated to behave and direct their daily life in accordance with the
Influences of the weather and climate. For this they do need the
respective Information. In those countries which can afford an efficient
meteorological recording network resources should be made available to
make use of the data and means for the health of their people. The
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success depends on the continuing cooperation of the meteorological
services with specialists in the multiple disciplines of health and
diseases.
One essential point should never be forgotten in the analysis of health
economy. In most instances climate does not play a leading role in the
concerted plurifactorial causation of any deviation from health. It may
be a releaser, an aggravator or the finishing stroke. The relative
Importance of climate is often hard to estimate. In many Instances is is
not the Impact of climate on man but the adverse behavior of man with
respect to a given climate which caused the strain. Too often man either
voluntarily or involuntarily does not act with consideration of a given
climate and so hampers his temperature regulation. There is great hope
that with the increasing awareness of the features of climates people
will learn to utilize climate in their favor and not behave to their
disadvantage because of ignorance. Education in climate-health
relationships will certainly contribute greatly to the value of preventive
medicine.

CONCLUSION

Human health climatology is not yet a properly defined and developed
applied science apart from a few fields In Industrial medicine. This
makes it extremely difficult to estimate its social and economic value.
However as climate directs the daily life of man and man needs to
control his heat balance In the ever changing atmosperic environment the
social value of applied human health climatology for the welfare of
mankind Is large. At present this is generally accepted by only a few
persons. More knowledge has to be gained about the interrelationship
between man and the atmosphere through systematic cooperation
between health experts and climate experts.
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SOCIAL MID ECONOMIC VALUE OF HUMAN HEALTH CLIMATOLOGY

WITH SPECIAL REFERENCE TO THE INDIAN SUB-CONTINENT
W. Selvamurthy
Defence Institute of Physiology and Allied Sciences
Delhi Cantt-110 010
India

INTRODUCTION

Climate is known to influence human health and efficiency. During the
past two decades scientists, working in environmental physiology and
biometeorology, have clearly demonstrated the impact of micro- and
macro-climate on health and efficiency (Tromp and Bouma, 1979). The
macro-climate includes thermal stress, altitude, pressure, geomagnetic field,
precipitation, air chemistry, water and soil, whereas the micro-climate may,
in addition, involve factors such as noise and vibration, air ionization,
electromagnetic field, aerosols and particles in the ambient air. Serious
concern has been voiced that there have been considerable changes at both
these climate scales in some regions. The aetiology of the problem can be
attributed to rapid industrialisation, exclusive deforestation, careless
exploitation of the natural resources, uncontrolled pollution and lack of
awareness and concern for maintaining the quality of the environment, among
the public (Selvamurthy, 1983). These factors assume gigantic proportions,
particularly in developing countries, due to rapidly extending
industrialisation, poor socio-economic conditions and mass illiteracy. The
Indian sub-continent is no exception, being a fast developing country.
CLIMATES IN INDIA
The Indian sub-continent presents a wide spectrum of climate ranging
from the arid climate of Rajasthan, the sub-arid climate of central Deccan,
the hot humid climate of coastal southern India, the sub-humid climate of
Northern India, the per humid climate of some North-eastern areas, such as
Chirapunji, to the Alpine climates of the Himalayan high altitudes (Mazumdar
and Sharma, 1964). Northern India, due to its proximity to the Himalayas on
one side and the arid zones of Rajasthan on the other side, experiences
different climatic extremes in summer and winter. In view of the diversity of
climates and' the ethnic variations in population, India catches the attention
of climatologists from all over the globe, who are interested in exploring the
climatic impact on human health and efficiency.

HIGH ALTITUDE CLIMATE
Extensive research has been conducted in India, in the field of
environmental physiology, particularly in relation to the extreme climates
prevailing in high altitudes, cold regions of the Himalayas and deserts.
These studies have been primarily carried out by the Defence Laboratories, due
to their immediate application for the Armed Forces personnel. Research in
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high altitude has revealed the mechanism underlying the adaptation to high
altitude climate, aetiology and pathology of acute mountain sickness, high
altitude pulmonary oedema, hypothermia and cold injuries, and the therapeutic
measures for these clinical conditions (Selvamurthy et al., 1978; 1981; 1986;
Selvamurthy, 1984; Sharma et al., 1979; Mani, 1974). These research efforts
have resulted in an improved quality of life for natives of high altitudes and
sojourners, including tourists, and have diminished the problems of
mountaineering. Improved health standards and recent advances in high
altitude medicine have enhanced the inflow of adventurous tourists to the
remote high altitude areas, which has contributed to the improvement of the
socio-economic status of these under-developed communities.
TROPICAL CLIMATE
India has basically a tropical climate due to its proximity to the
equator. Considerable effort, therefore, has been focussed on acclimatisation
to heat stress and in finding out suitable measures to minimise or prevent
heat casualties. Recent studies have revealed some methods suitable for
replenishment of fluid and electrolyte in the human body during work in
tropical climates which may offset the decline in physical efficiency in hot
environments (Pichan and Sharma, 1985; Sharma et al., 1983). A simple
cumulative discomfort index (Sohar, 1983; Mazumdar, 1964) has been developed
which can be applied to minimise the rate of heat casualties. More efforts
will be made to disseminate research findings through mass media to the common
man who works in the field under the hot sun. This may enable the rural
population to plan the work-rest schedule according to the climatic factors
prevailing in different seasons, thereby improving their health and
efficiency. Environmental education through primary health centres, mass
media, schools, regarding the adverse effects of the hot climate and regarding
suitable protective measures such as suitable clothing, nutrition and
fluid-salt replenishment, could bring about the required behavioural
adaptation in tropical climates. Recent studies have also revealed the
importance of potassium replenishment for improving work performance in hot
environments (Malhotra et al., 1981). Tender coconut water is rich in
potassium and attempts may be made to produce synthetic tender coconut water
which can be made available to the workers in tropical climates.

INDUSTRIAL MICRO-CLIMATE

The micro-climate in industries in tropical countries poses additional
problems of thermal stress, particularly during the summer months. This is
true for mine workers also. Exposure of these workers to cool climatic rooms
prior to and after work in hot environments may ameliorate their discomfort
level and improve their health and efficiency (Pichan et al., 1985).
TROPICAL DISEASES
The hot humid climate prevailing in the southern coastal regions of
India favours the prevalence of specific tropical diseases. The seasonal
increase in malaria, filariasis, cholera and weather-related tropical
diseases, such as pollinosis, vasomotor rhinitis and bronchial asthma, is
common in these areas. Enteric, parasitic and respiratory diseases are also
widely distributed in these regions. Medical research for the eradication in
India and abroad,' to control the menace of these weather-related diseases, has
produced fruitful results. Failure of monsoon, drought and change of wind
directions may aggravate these clinical problems. Further epidemiological
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research is required to correlate the prevalence of tropical communicable
diseases with the meteorological factors. This would enable us to forecast
the sudden spread of these weather-related diseases and to take prophylactic
measures in the form of stocking essential drugs and being prepared to face
the eventualities. WHO gives priority for research in this area (Selvamurthy,
1986; WHO Report, 1985).

HOUSING AND URBANIZATION
Another potential application of human health climatology in
developing countries would be in the field of housing, urbanization and town
planning. This would improve the comfort level inside houses, minimise the
formation of heat islands and the greenhouse effect.
There is a continuous
migration of rural population to the cities, which renders meticulous planning
necessary in urbanization very difficult. In addition, human health
climatology serves as a means of making tourism more profitable in developing
countries.

Meteorological factors, such as annual data of temperature, humidity,
precipitation, wind velocity and direction, should be taken into consideration
when selecting a locality for housing or for industrial complexes. From these
data, the likelihood of a spread of aerosols, particles, etc., to the nearby
locality could be predicted with a fair degree of accuracy. This would
minimise the adverse effects of industrial pollution on human health. This is
particularly true for industries which handle hazardous chemicals.

CLIMATOTHERAPY
Extensive research is required on the scientific basis of
climatotherapy and balneology. Some data are available on the therapeutic
application of exposure to moderate altitude climate on some of the
respiratory diseases such as asthma and bronchitis (Tromp and Bouma, 1970).
Sulphur and sauna baths are reported to be useful in alleviating some problems
related to skin disorders and arthritis. This field has gained popularity
among Europeans, who spend holidays in health resorts and spas for cure. In
developing countries it has not gained momentum due to socio-economic
constraints. The sanatoria are located at moderate altitudes. While so much
is spoken about the adverse effects of extreme climates, little is known about
the beneficial effects of different moderate climates, which requires due
consideration by the scientists.
CLIMATE AND TRADITIONAL MEDICINE

Recent studies have shown a positive indication that some traditional
systems, such as yoga, can help to improve tolerance of and acclimatization to
environmental stress. A combination of climatotherapy and yoga may form a
complimentary system of medicine for many clinical conditions. WHO may
encourage research programmes in this aspect particularly in developing
countries which may help the health authorities to reach WHO's goal of "Health
for all by the year 2000".
There is a lack of knowledge regarding drug response and dosage under
various climatic conditions, which may be different in summer from that
necessary in the winter. Studies are also required in this aspect.
Homeopathy and Ayurveda have identified drugs for various climate-related
diseases (Misra, 1986).
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POLLUTION

Pollution is one of the major problems of developing countries, due to
the sporadic growth of industries and the increase in automobiles, which emit
gaseous, chemical and particulate pollutants into the air, water and soil.
Air pollution may affect the local climate, quality of life and efficiency.
There is a big question "Is the climate changing?" which has raised great
concern, anxiety and urgency for remedial measures. Environmental engineering
can play a vital role in controlling pollution, particularly in developing
countries. Administrators, health authorities and officials concerned with
housing, urbanization and town planning should effectively apply health
climatology whenever they are planning for growth, productivity or development.
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Introduction
The climatic conditions in a man-made urban environment may differ appreciably from
those in the surrounding natural or rural environs.

The indoor climate and comfort conditions in any given building depend on the
climatic conditions surrounding the building.
But each urban man-made element:
buildings, road, parking areas, factories, etc., create around and above it a modified
climate with which it interacts.
The modified urban micro-climatic conditions form the immediate environment of
the individual buildings. The outdoor temperature, wind speed and solar radiation to
which an individual building is exposed is not the regional "synoptic" climate but the local
micro-climate as modified by the "structure" of the city, mainly at the scale of the
neighborhood where the building is located. This modified climate directly affects the
indoor comfort conditions and the energy use of the inhabitants for heating and/or air
conditioning.

The desired modifications of the regional climate are very different in different
climates. In regions with cold winters and comfortable summers, it is desirable to elevate
the urban temperature above the regional level, to minimize the wind speed in the urban
space, mainly near the ground, and to maximize the exposure of buildings and streets to
the sun.
In regions with hot summers and comfortable winters, it is desirable to lower the
urban temperature as much as possible, or at least to minimize the usual elevation of the
urban temperature above the regional level (the heat Jsland phenomenon). It is also
desirable to provide shade for pedestrians on the sidewalks and in some regions (hot-wet)
to increase the wind speed in the streets.

However, in many regions there might be different and opposite objectives of urban
climate modifications in summer and in winter, e.g. regions which have cold winters and
hot summers (either hot dry or hot humid). The urban design objectives in such regions for
the winter would be to minimize wind speed and maximize solar exposure while for the
summer it would be quite the opposite.

Fortunately, in many cases it is possible to take advantage of seasonal changes in
the prevailing wind directions and/or of the seasonal changes in the sun-path, so as to get
different effects of the urban and building design details in the different seasons, thus
improving the urban climate year round.

Effects of planning features on the urban climate
Many features of the physical structure of the city can affect the urban climate. As
the structure of the city can be controlled by urban design it is possible to modify the
urban climate, to improve the comfort of the inhabitants outdoors and indoors, and to
reduce the energy demand of the buildings for heating in winter and for cooling in
summer. Some of the physical features of the urban area which have an effect on its
climate are discussed below.
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Town location within a region
The location of a town within a given region may have the most permanent effect on
the urban climate and the comfort of the inhabitants. Different locations within a given
region may differ in their temperature, wind conditions, humidity, precipitation, fog,
inversion prevalence, etc. Such variations may be caused by differences in distance from
the sea, altitude, direction of slopes, and the general topography of the area. Such local
climatic differences can have significant effects on the comfort of the residents and the
overall attractiveness of the different locations.

The actual criteria for the choice of a location for a town within a given region
depends of course, on the nature of the climate. For example, in a cold climate the
criteria may include protection from the winds while in a hot climate, and especially hot
humid-one, the preference would be for locations with maximum wind exposure.
The choice of a location with a better natural climate will enhance the comfort of
the inhabitants, shorten the length of the seasons when heating or cooling is required and
reduce the energy demand even when heating or cooling are being required. A favorable
urban climate of a town near an area of natural beauty may contribute to the attraction
of tourists and the development of the town.
Many coastal areas, especially in the tropical and subtropical latitudes, are prone to
tropical storms and hurricanes.
These storms are accompanied by very heavy
precipitation and, along the coast, also by marked elevation of the sea level, resulting
from the strong on-shore winds. The floods resulting from the heavy precipitation often
cause widespread loss of life and property damage.

Whenever variations in topography can either minimize or maximize the floods and
sea-surge hazards they should be carefully considered in decisions concerning the location
of new towns, or expansion of existing towns.
Valley bottoms, even shallow ones, can be reserved for discharge of the run-off
water, and land uses allocated to them should be compatible with this function
(e.g. grazing, green open spaces, etc.).
Density and size of the built-up area
The density and size of the built-up area affect the degree by which the regional
climate is modified by the town, to create a specific urban climate. Such modifications
occur mainly in the air temperature, wind conditions, radiation balance and natural
lighting, as well as in the prevalence and duration of fog and cloudiness.

The effect of a given density level depends to a large extent on the urban design
details. In particular, the size and shape of the buildings and their relative positions can
modify the effect of density.

The temperature modifications by a city are expressed mainly in the "heat island"
phenomenon, especially during calm and clear nights, when the urban air temperature is
usually higher than the temperature of the surrounding open country.

Urban density affects greatly the ventilation conditions in the streets and thus also
the potential for natural ventilation of buildings. This effect, however, depends greatly
on the details of the urban physical structure. It is possible to obtain a wide range of
ventilation conditions even in a densely built-up area by applying different urban design
approaches. In fact, it is possible to have an urban area of higher density, obtained by a
mixture of high and low buildings, with better ventilation conditions than an area with
lower density but obtained with buildings of the same height.
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Tall buildings, which rise appreciably above the roof level of the neighboring
buildings, create strong air currents in the area. This phenomenon is due to the fact that
the highrise building is exposed to the main wind currents that flow above the "general"
level of the urban canopy, which are stronger than those flowing through the urban canopy
itself.

Width and orientation of streets and buildings
When the city streets are parallel to the direction of the wind, they create obstacle-free
passageways, through which the prevailing winds can penetrate into the heart of the urban
area. In this case, as the streets are wider, the air flow encounters less resistance from
the buildings on the sides'of the streets, thus improving the general urban ventilation. A
similar phenomenon occurs when the streets lie at a small angle to the prevailing winds.

When the city streets are perpendicular to the wind direction, and the buildings
lining these streets are long row buildings of about the same height, the principal air
current flows above the buildings. The air flow in the streets is mainly the result of a
secondary air current, caused by the friction of the wind blowing above the city against
the buildings lining the streets. Under these conditions, the ventilation of urban space is
hardly affected by the width of the streets.
When the streets are angled in an oblique direction of the wind, the wind creates
two effects: The first is an air flow in the direction of the street, which is concentrated
mainly on the downwind side of the street, and the second effect is pressure on the
buildings alongside the street. On the other (upwind) side of the street, the air movement
is gentler and a low pressure zone surrounds the buildings. In this case, the widening of
the streets improves the ventilation conditions both within the buildings and in the
streets.
The direction of the streets with relation to the North and their width determine the
conditions of shade and sunshine on the faces of the buildings and on the sidewalks lining
the streets. This affects the temperature and conditions within the buildings as well as
the possibilities of protecting the pedestrian on the sidewalk from the sun in summer or of
providing sunlight in the streets in winter. Narrower streets reduce sun penetration to the
street level and solar impingement on buildings parallel to the street.

Green open areas
Urban open spaces have a marked influence on many aspects of the quality of the urban
environment.

The environmental conditions within the urban open spaces may have significant
impact on the comfort conditions experienced in them and consequently on their
attractiveness and utilization by the public.
The major contributions of green open spaces to the climatic
environment:

quality of the urban

- Improvement of the general urban climate, and especially natural ventilation
conditions, outdoor shading, protection from cold winds, pleasant areas for rest,
etc.. The climatic "contribution" of open spaces is mainly in summer.
- Reduction of natural dust and air pollution from transportation, industry, heating
and cooling installations, etc.
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Special details of buildings affecting the outdoor conditions
A number of details in the planning of buildings have a marked influence on the climatic
conditions affecting pedestrians walking outdoors - especially with regard to protection
against rain, sun and glare from the streets.
Protection against sun and rain for pedestrians on the sidewalks can be provided by
buildings with overhanging roofs, or collonades in which the ground floor is set back from
the edge of the road, with the upper stories jutting out, supported by pillars (or other
means).

Planned use of such means, through appropriate urban building legislation, can be
very important with respect to lessening the thermal load on residents in the city's
streets.
The color of the building walls not only affects the interior climate conditions, but
also the lighting and glare in the streets. In this respect there is, in many instances,
contradiction between the requirements of indoor climate and those necessary to reduce
the blinding glare, but this contradiction can often be resolved by design details. For
example, horizontal overhangs from buildings, which protect the windows from solar
radiation, can cover the entire length of the wall and thus also shade parts of the wall
from direct solar radiation while hiding part of the wall above them, and in this manner
also reduce the blinding glare.

Building design features affecting the indoor climate
Many design features of a building affect the interior's thermal conditions, such as the
building's layout, orientation, window size, location and shading details, properties of the
building materials and the external color.
Buildings layout
The term layout in this context refers mainly to the compactness or otherwise of the
house plan.
The ratio of the building envelope's surface area to its volume or floor area
determines, on the one hand, the relative exposure of the building to solar radiation and,
on the other hand, its exposure to the ambient air. The more compact the house plan, the
smaller the surface area of the walls for a given floor area. A larger surface area of the
walls causes a greater heat gain or loss and a greater energy expenditure of the
conditioning equipment.

However, an outspread plan may offer better opportunities for natural ventilation,
natural lighting, and more freedom and flexibility in the design of the space. It may also
enable faster cooling in summer evenings and so may reduce the need for air conditioning
in seasons and hours when comfort can be provided by natural ventilation.

Building orientation
Two main issues are of interest when dealing with the subject of
orientation: the solar exposure and the ventilation potential.

the building's

In most regions the objective of orientation with respect to the sun is to maximize
solar exposure in winter and to minimize it in summer. This is possible because of the
seasonal changes in the altitude of the sun, and to some extent also due to changes in the
sun's azimuth.

Higher solar intensity in summer is on the eastern and western walls (as well as the
roof). Higher solar intensity in winter is on the walls facing the Equator.
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This pattern of solar impingement on the different walls results in a clear
preference for north-south orientations for the main facades, and especially for the
windows.
Such orientation enables easy and inexpensive shading in summer on the
southern windows (in the Northern Hemisphere), and the wall in general, by horizontal
overhangs. Such overhangs effectively block the rays of the mid-summer sun. In winter,
the rays of the lower sun can penetrate below the overhang and be used for heating.

To provide good potential for natural ventilation at least one of the walls of any
dwelling unit should be exposed to the wind. It is not necessary to "face" the wind
directly. Even with winds oblique to a wall by up to about 60° from the perpendicular
(normal) it is possible to use windows in the wall as inlets for the wind (see later on for
more details). This fact gives to planners a great deal of freedom (over a range of 120
degrees) in choosing adequate orientation from the ventilation aspect.
The openings in the walls which are in the "shadow" of the wind can then serve as
outlets for the wind, thus enabling "cross-ventilation" of the whole building.
In many regions conflicts may exist between the
and the orientation best for natural ventilation.
In
dominant wind direction is east (in the "Trade Wind"
Belt"). These two orientations are the most unfavorable

best orientation for solar control
particular, in many regions the
Belt) or west (in the "Westerlies
from the solar control aspect.

In choosing the optimal orientation several factors have to be taken into account:
a) Orientation for good ventilation has more "degrees of freedom" and therefore
the requirements are less rigid than is the case with orientation for solar control. This
factor tends to put more weight on the solar control issue.
b) Protection from the wind (in winter) is easier to provide by design details than
insuring cross ventilation.
c) In cold-cloudy regions, wind protection may be the most important
consideration affecting orientation.
d) In cold but sunny regions the solar exposure in winter may be more important
than wind protection. Often the two objectives can be achieved by appropriate design
details.
e) In hot-dry regions solar protection in summer is often the most important
consideration.
f)
In hot-humid regions natural ventilation is the most important issue.

Window size, location and details
In general, ordinary windows tend to increase the heat loss of the building in winter and to
lower the indoor temperatures thus increasing the likelihood of cold discomfort and the
need for heating energy.
In hot regions ordinary windows tend to raise the indoor daytime temperature, and
the larger the window area the greater is their heating effect, especially when sun
penetration is not effectively prevented by shading or orientation. But even when sun
penetration is completely eliminated and the windows are closed, their low thermal
resistance and the air infiltration through the surrounding cracks makes them the weakest
point from the aspect of heat gain.

It is generally assumed that, both in cold and in hot regions, small windows are more
suitable for preventing indoor temperature drop or elevation, respectively, than larger
ones. However, with special design details, such as with insulated shutters, large windows
can provide advantages from the thermal point of view.
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When highly insulated shutters are added to large windows their thermal effect can
be adjusted to the varying needs, both diurnally and annually. In summer, the shutters can
be closed during the hot hours, admitting light into the house only through small, shaded
glazed sections. In the evening and night hours the shutters and the windows can be left
open, increasing the rate of cooling of the interior.

In winter, large southern windows can provide significant direct solar heating of the
interior.
Closing the insulated shutters during the night traps the heat indoors and
reduces the rate of cooling and thus helps maintaining comfortable indoor night
temperatures.

Shading of windows and glazed walls
Prevention of sun penetration into the interior space of a building by effective shading of
windows and other glazed areas is one of the major requirements for indoor comfort in
any region with a hot summer, whether a dry or a wet one. Such shading can be provided
either by fixed shading devices, which are integral elements of the building's structure, or
by operable shades.

Fixed shading elements can be horizontal (overhangs), vertical (fins) or inclined.
Their effectiveness depends greatly on the orientation of the glazing which they are
supposed to protect.

Horizontal overhangs over glazing is most effective for solar control when applied
to glazing facing the Equator (south in the Northern Hemisphere). Particularly in low
latitudes southern and northern overhangs can provide effective protection from the
direct sun rays.
Contrary to common conceptions horizontal overhangs of a given depth are also
more effective than vertical fins for glazing facing east or west, especially if the windows
are in the form of elongated horizontal strips. (This form, by the way, is also more
effective in providing wind-induced ventilation).
Operable shading devices, such as shutters, awnings, Venetian blinds, etc., can be
either internal or external to the glazing. Internal devices are much less effective than
external shading in preventing solar heating of the interior space, although they can be
very effective in controlling indoor natural lighting.

In regions with hot summers external operable devices are more effective than fixed
shading in providing solar control adjusted to the changing comfort requirements during
different seasons and time of the day.

Urban design guidelines for hot dry regions
Hot dry regions are found in the sub-tropical latitudes, approximately between 15 and 30
degrees north and south of the Equator, in central and western Asia, the Middle East,
Africa, North and South America, and in central and north Australia.
These regions are characterized mainly by their aridity, high summer daytime
temperatures, large diurnal temperature range and high solar radiation.
In some arid regions typical daytime summer temperatures are in the 32-36° range
while in hotter regions they may be well above 40 and up to 45° C.

Some regions which are hot in summer may experience comfortable winters, while
others may have winter temperatures well below freezing. Because winter temperatures
vary from place to place, heating requirments may vary greatly in different hot dry
regions of the world.

265

In many hot-dry regions dust is a major problem, mainly in the afternoons.
Minimizing dust levels in the urban area should therefore be one of the major objectives
at the urban design level, as well as in the treatment of the individual lots
and
the
buildings.

The main objective of urban design in hot-dry regions, from the climatic aspect, is
to mitigate the stresses imposed by the climate on people staying outdoors (working,
shopping, playing, strolling, etc.). An additional objective is to improve the chances of
the individual buildings to provide an indoor comfortable environment with minimum
usage of energy.
To ameliorate the heat stress on summer days, neighbourhoods should be planned
so that distances for walking people and playing children are short. Sidewalks should be
shaded as much as possible, either by trees or by the buildings along them. Shade is
particularly desirable in places where people (and mainly children) congregate outdoors
during daytime hours.

Distribution of shopping places, schools, and urban services depends, of course, on
the organization of such services in the society and may differ greatly between different
countries and societies. In any case, it is desirable to ensure close-by basic services even
in societies which rely mostly on individual and organized motorized transport, such as
central shopping centres, bussing to schools, etc.

Town location
In choosing a location for a town or a neighborhood in a hot dry region one should look for
places with lower summer temperatures and good ventilation conditions, mainly in the
evenings and at night.
Different locations within a given region may differ in their
temperature, wind conditions, etc.
Variations in altitude, in particular, may cause
appreciable differences in temperature over short distances.

Local variations in topography may affect greatly the wind conditions.
Thus
windward slopes of a hill experience much higher wind speeds than the leeward slopes.
Similarly, windward slopes of mountains may be more moist and experience higher
precipitation than the leeward slopes.

Therefore, in hot-dry regions, locations with lower temperatures and better wind
conditions, namely locations with higher elevations and windward slopes, as well as valley
parallel to the winds and openings of valleys with nocturnal winds, may be preferable,
provided that dust can be suppressed durin ghte windy hours, e.g. by appropriate
vegegation and ground treatment.
Urban density considerations in hot-dry regions
The density of the built up area (land coverage by buildings) in hot-dry climate may have
both positive and negative effects on human comfort outdoors and on the indoor climate
of the buildings.
With a given building's height increasing urban density means smaller open spaces
between and around the buildings. The effect of the reduced distances depends to a large
extent on the orientation of the walls in question.
When the distance between the buildings is decreased along the East-West axis the
mutual shading of the E/W walls of a given building by its neighbours increases. As long
as adequate natural ventilation of the building can be achieved, without openings in the
eastern or western walls, or if the natural ventilation through openings in these walls is
not affected by the reduced distances, the effect on the indoor climate can be beneficial
because the solar impact on the walls in summer is reduced.
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The effect of distance between buildings along the north/south axis is quite
different. In winter it may reduce the possibilities of utilizing solar energy for heating
because the low altitude of the sun in the sky. A southern wall of one building may be
shaded by another building in front of it.

Consequently, when the main orientation of the building is to the north and south
it is possible to increase the density of the built up area by reducing the side distances
between neighboring buildings without causing deterioration in the thermal quality of the
urban environment.
Orientation and width of streets
In a hot dry climate the main objectives related to the street's layout are to provide
maximum shade in summer for pedestrians and minimum solar exposure of the buildings
along the streets.
From the urban ventilation aspect the problem of street layout in hot dry climate
is secondary because during daytime hours high air speed is not needed outdoors and not
desired indoors. In the evenings people staying outdoors can be comfortable even with
light winds, as temperatures are lower than indoors.

Narrow streets often provide better shading by buildings for pedestrians on
sidewalks than wide streets. However, shade for sidewalks can be provided even in wide
streets by special details of the buildings.
A north-south orientation of a street may result in a east-west orientation of
buildings along the street, which will cause unfavorable solar exposure for these buildings.

In dust-prone areas wide streets parallel to the wind direction may aggrevate the
dust problem in the town as a whole.
In hot dry regions the main concern with regard to ventilation is to insure the
potential for ventilating the buildings during the evenings. To the extent that such
ventilation can be insured by the design of the buildings themselves (e.g. by use of wind
catchers of some type) the street ventilation is of little importance.

Reducing dust by town planning
The main factors affecting the frequency, intensity and range of local dust storms are
ground cover and the wind speed near ground level. Both these factors can be affected by
neighborhood design features.

Without irrigation the soil is practically exposed and provides a source of dust.
Therefore, as a planning policy, the density of the built up area (land coverage)
should avoid unbuilt areas that the private citizen and the municipality cannot
realistically keep up as landscaped areas.
Urban green areas in the form of strips of trees perpendicular to the wind can be
effectivein reducing the dust level. This point should be considered in the design of the
urban green spaces in desert regions.

Building design for hot dry regions
As the summer is the stressful season in a hot-dry climate the building design should aim
mainly to lower indoor temperatures and maximize comfort during the summer period.
However, in regions with hot-dry summers but cold winters (e.g. the high plateau of Iran)

winter performance should also be considered carefully.
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Physiological comfort in summer in a hot dry region can be maintained as long as
the indoor temperature is kept below 28° C when ventilation is to be eliminated, i.e.,
during the hot hours of the outdoor air. Elimination of ventilation by outdoor air in the
hot hours of the day is necessary in order to minimize the rate of heating of the interior.

The upper limit of the comfort zone can be further extended by increasing the
indoor air speed with the help of indoor fans, e.g. by ceiling fans. With indoor air speed of
about lm/sec the comfort limit would be about 30° C.
Limiting the elevation of the indoor temperature and keeping it within the
boundaries of the comfort zone, without ventilation by outdoor air, can be achieved by the
following means:
Minimizing the solar heat load on the building through orientation, external
colors, shading of windows, etc.
2. Minimizing the inward heat flow during daytime hours by adequate insulation
and minimal air infiltration.
3. Providing high heat capacity to enable absorption of penetrating and internally
generated heat with small elevation of indoor temperatures.
4. Provision for rapid heat loss from the interior by natural ventilation during
evening and night hours.

1.

Building's shape in hot dry climate
In a hot dry climate the surface area of the external envelope of the building, from the
daytime aspect, should be as small as possible, to minimize the heat flow into the
building. The combination of a small surface area and insulated high mass materials for
the envelope is very effective in reducing the daytime heating rate.

The objective in the summer evening and night hours would be to speed up as
much as possible the cooling rate of the interior. It calls for a spread-out building with
greater exposure to the outdoor air.

It is possible by appropriate architectural design solutions to change daily or
hourly the effective surface area of the building's envelope and thus to increase the
exposure of the building mass to the evening cooler air.
If the building facades are "indented" by deep and narrow porches the surface area
of the envelope is greatly increased. Relatively large openings, doors and windows in
these walls, could connect the rooms to the porches. The deep and narrow porches also
provide very effective shading for these openings.
Such deep porches can be equipped with closeable insulated shutters along the
lines of the adjoining walls. When these shutters are closed they become an integral part
of the building's envelope.

During the evening and night hours, the shutters should be opened. The air space
of the porches become immediately part of the outdoor environment. The large openings,
when open, can provide effective cross-ventilation even when the outdoor wind speed
decreases during the evening hours.
Internal courtyards or patios are very common features in traditional houses in
hot-dry climates.

It is commonly assumed that such internal patios help in maintaining cooled indoor
temperatures. However, the actual climatic effects of an internal patio depends greatly
on its design details and its "treatment".
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An "untreated" internal patio with bare soil or with hard floor (concrete tiles,
etc.) can increase the rate of the indoor temperature elevation. This is due to the
effective increase in the surface area of the building's envelope.
The patio itself can provide, of course, an area with a more pleasant climate than
that of the indoor's during the evening and night hours.

However, with different treatments, a patio can have much more favorable
impact on the indoor climate, as well as having more pleasant "outdoor" climate than the
exposed environment in a hot-dry climate.

This modification of the patio's climate can be achieved by shading it, preferably
by a pergola with vines or by trees with high trunks and wide canopies, and by enhancing
evaporative cooling of the air confined within the courtyard space.
Building orientation and solar exposure
The main objective in deciding upon a given orientation in hot dry regions is to minimize
the impact of the sun on the building in summer. In regions with cold winters a second
objective is to maximize the solar utilization in winter.
The highest intensities of the impinging solar radiation in summer occur on the
eastern and western walls, and in winter the highest intensity of impinging radiation on
the southern wall.
This pattern of solar impingement on the different walls results in a clear
preference in subtropical hot dry regions for north-south orientations for the main
facades, and especially for the windows.

Window's size, location and details
In hot dry regions ordinary windows tend to raise the indoor daytime temperature, and the
larger the window area the greater is their heating effect. Vernacular buildings in desert
regions, built mainly from compacted mud or with adobe blocks, usually have very small
windows. It should be pointed out that traditional way of life of inhabitants in vernacular
houses in hot dry regoins was to sleep on the roof or in a courtyard, testifying to the
uncomfortable indoor conditions which prevailed indoors during the summer nights. With
special design details large windows can be provided in these regions with advantages
from the thermal point of view. When highly insulated shutters are added to large
openable windows their thermal effect can be adjusted to the varying needs, both
diurnally and annually. In summer, the shutters can be closed during the hot hours,
admitting light into the house only through small, shaded windows. In the evening the
shutters and the windows can be opened, increasing the rate of cooling of the interior.
In winter, large southern windows can provide significant direct solar heating of
the interior. Closing the insulated shutters during the night traps the heat indoors and
reduces the rate of cooling and thus helps to maintain comfortable indoor night
temperatures.

Properties of materials for desert regions
In hot deserts high thermal resistance of the envelope elements is necessary in order to
minimize the conductive heat flow into the buildings' mass during the daytime hours. As
different desert regions have different daytime (maximum) temperatures in summer the
required thermal resistance may be related to the "design" summer temperature of the
region in question, namely the average maximum temperature experienced in the hottest
month.
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A high thermal resistance of the envelope would of course reduce also the rate of
cooling during the evening. But the required cooling rate can be achieved if ample
ventilation of the interior is provided in the evening and night hours, thus bypassing the
thermal resistance of the envelope.

A high heat capacity is desirable in desert regions in order to take advantage of
the large diurnal range to lower the indoor maximum, by closing the building during
daytime hours and ventilating it in the evening and night hours.

Urban design guidelines for hot-humid regions
Most of the countries in the hot-humid areas are developing countries. This fact has
direct implications on the practicality of "modern" concepts of urban and building design
from the climatic viewpoint.

The vast majority of people cannot afford air-conditioning. Therefore thermal
stress (and its impact on health and productivity) should be minimized primarily by
appropriate urban and building design details.

From the urban and building design viewpoint, the major climatic characteristic is
the combination of high rainfall, high temperature and high humidity and cloudiness.

Locational considerations in hot-humid regions
When a new town is planned in a given region having a hot-humid and "wet" climate, or
when a new neighborhood is being planned or reconstructed in an existing city, the
following considerations should guide the planners:
- Avoidance of flood prone areas for dense residential or commercial land uses.
Such flood water may originate in areas far away from the town itself (e.g.
mountains around it).
- Preference for areas with good natural wind conditions and, if available, also
lower temperatures. This factor is important mainly for residential areas, but
even in the streets of commercial areas good ventilation is important for the
comfort of the pedestrians.
- Availability of natural drainage in the small-scale topograhical features of the
area, mainly for excess rain water accumulated within the urban area itself.

Layout of the street’s network
The main climatic objectives, in a hot humid climate, concerning the street layout within
the urban area are to provide good ventilation conditions for pedestrians in the streets and
good potential for ventilation of the buildings along the streets. Another objective is to
provide shade over sidewalks in streets with large concentrations of pedestrians.
The best ventilation within the streets and the sidewalks is achieved when the street
is parallel to the direction of the prevailing winds during the afternoon hours (when the
urban temperature reaches its maximum).

Streets perpendicular to the wind direction, with closely spaced long buildings along
them, may block the wind in the whole urban area, therefore such long uninterrupted
streets are not recommended in hot humid regions.

A good street layout, from the urban ventilation aspect, is when wide main avenues
are oriented at an oblique angle to the prevailing winds (e.g. at about 30°).
This
orientation still enables penetration of the wind into the heart of the town. The buildings
along such avenues are exposed to different air pressures on their front and back facades.
This situation provides a good potential for natural ventilation of the buildings while at
the same time provides also good ventilation in the streets.
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Urban density and building heights in hot-humid regions
Generally speaking, the higher the density of the buildings in a given area, the poorer will
be its ventilation conditions. However, for a given density level there can be different
urban ventilation conditions, depending on the particular configuration of buildings by
which this density is obtained.

High-rise buildings, designated for high income families with few or without
children, can augment the street level wind speed and thus improve the urban climate in
hot-humid regions when dispersed among lower buildings.
At any given urban density level, better climatic conditions can be achieved in hothumid regions with higher buildings spaced farther apart.
Detached houses are exposed to the outdoor on all sides. This feature provides good
potential for natural ventilation.

Consequently, during the evening and night hours, when the outdoor wind usually
weakens or subsides, a detached house will cool down faster than other types of buildings,
providing better comfort.
Townhouses are comprised of a set of several single family units, attached to each
other on their sidewalls, thus forming a "row" of dwelling units. The units can range in
height from a single storey up to three stories.

In hot-humid regions townhouses provide the next best building type from the
climatic aspect, after detached houses. The roof details can form "wind-catchers", taking
advantage of the higher wind speed at higher elevation above the ground level.
In multi-storied townhouses, staircases can form natural shafts for vertical air flow.
When these shafts are large enough, they transform the whole space of the house into an
integrated space from the air flow aspect.
Multi-storied apartment buildings may present difficulties for provision of cross
ventilation, unless they are planned with staircases (or elevators in buldings with too many
storeys for walkup) serving only two units per floor.

The worst conditions would be in buildings with internal, double-loaded corridors.
Therefore such apartment buildings should be avoided in hot-humid regions, in spite of
being the least expensive.
When the corridor is external and open (like a balcony), it is theoretically possible to
have cross ventilation in the apartments along it. In order to have such ventilation, doors
and windows in the walls along the corridor should be left open. This, of course, severely
interferes with the visual and acoustical privacy of the occupants.

Principles of building design for hot-humid regions
The objectives of building design in hot-humid regions can be summarized in the following
items:
Minimizing solar heating of the buildings.
Maximizing the rate of cooling in the evenings.
Providing effective natural ventilation, even during the rains.
Preventing intrusion of insects, even when the building is being ventilated.
Providing spaces for semi-outdoor activities as integral part of the "living
space".
Preventing rain penetration, even during rainstorms.
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An important design feature is to insure that all the main rooms in the building will
have at least two external walls, where windows can be provided.

"Deep" porches, between surrounding rooms, can help in promoting the ventilation
potential and the cooling rate during the evening and night hours. They can also provide a
protected semi-outdoor space for family use, with some degree of privacy.
Many hot-humid regions at low latitudes have winds mainly from the East (the Trade
Wind Belt). In this case there is a conflict between the best orientation for the solar
aspect (South-North) and that optimal for ventilation. This apparent conflict can be
resolved by suitable design details.

Porches can be designed to be interspaced between the rooms. The main openings of
the rooms (doors, for example) can be placed in the wall sections leading to the porches,
with only small and shaded windows in the main Eastern wall. The small eastern windows
can than be protected from the rains by suitable shutters. The porches can also serve as
semi-open space, providing protection from sun and rain for many family activities.

By this design the building can benefit from cross-ventilation by the easterly winds
while the main openings face north and south and are effectively shaded by the porches.
The "ideal" layout of the building's plan in a hot humid climate is a detached
elongated building with a single row of rooms with openings (windows and/or doors) in two
opposite walls.

However, with urbanization and the rising cost of land it may be impractical
economically to design such narrow and elongated buildings. Often the building depth has
to be increased to accomodate at least two rooms between the external walls. This is
particularly so in multi-storey apartment buildings, which become more common in dense
urban areas.
The optimal design solution in this case is to have an "open plan" for the dwelling
unit. An "open plan" implies locating various functions within a unified space. Separation
between the various functions in accomplished by "symbolic" barriers, such as furniture,
changes in level, open grids, etc.

Together with the ventilation issue, effective prevention of solar heating of the
building is critical for providing indoor comfort in hot humid regions. This point is even
more critical in hot-humid climates than in hot dry climates because the windows may be
much larger for the sake of ventilation.
In single storey buildings it is possible to shade the walls and the windows by wide
verandas. Shading by vegetation can also be provided relatively easily to such buildings in
hot humid climates.

In hot humid regions the temperature may be quite high during the rains and, of
course, accompanied by high humidity. In this situation ventilation is very important for
comfort also during the rains.
Therefore, the design of the building should enable natural ventilation during the
rainy period, even when accompanied by high winds, with effective prevention of water
penetration through the open windows or doors leading to balconies.

Choice of materials in hot-humid regions
The main desired performance characteristics of the building materials would be to
minimize solar heating of the interior during daytime and to maximize the rate of cooling
during the evening and night hours. Reduction of the indoor air temperature below the
outdoor level in ventilated buildings is not practical, and therefore should not be aimed at
in hot-humid regions.
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Such performance characteristics call for medium thermal resistance of the
envelope, mainly in proportion to the expected impact of solar radiation on the building,
and for low heat capacity. Such low thermal capacity can enhance the rate of cooling of
the building during the evening and night hours.

In hurricane prone areas, however, lightweight walls may be more susceptible to
damage than high-mass masonry materials, such as filled concrete blocks, etc. Thus,
where materials are available and at reasonable cost, the inhabitants would prefer a high
mass building.
It is possible to have structurally a high mass building which thermally performs as a
low mass one. To this end the walls should be constructed of two layers: the high mass,
structural wall as the external layer and an insulating material as the interior one.
A lower cost solution would be to have an air space, lined by a finishing layer, on the
inner side of the wall. The finishing layer should be rigid enough for the common uses of a
wall surface in a house.

Design guidelines for monsoon climate
Regions with Monsoon climates have two distinctive hot seasons: a hot-dry one (usually
April-June in the Northern Hemisphere) and a hot-humid-wet one (usually JulySeptember). Regions with Monsoon climates are found mainly in India, South-east Asia
and West Africa. The condition of central India will be assumed in the following.

During the hot dry season, daytime ventilation of buildings is undesirable because it
will introduce hot, dust-laden air into the building interior.

In the evening and night hours indoor and outdoor ventilation is very important, both
for physiological comfort and for flushing out heat stored during daytime in the building
materials, as well as in the mass of the "urban structure".
During the hot-wet (the Monsoon) season the primary objective is that of providing
ventilation, even during the rains, to facilitate sweat evaporation in view of the high
humidity, while preventing water penetration into the building through the windows (open
for ventilation). Outdoor rain protection for pedestrians, mainly in the commercial and
cultural centers in the urban sections, is also very important.

Although the average solar radiation is weaker in the hot-humid season than in the
hot-dry one, it can add significantly to physiological heat stress and buildings heat load.
When the sky is clear in hours between the cloudy periods, solar intensity can be very
high. Therefore solar protection is important outdoors and indoors in this season as well.
The desired thermal performance characteristics of the building during the hothumid season are very different from those desired during the hot-dry season. The small
outdoor temperature range does not enable the achievement of large reduction of the
indoor temperature below the outdoor's daytime level, even in an un-ventilated, high-mass
building.
The high humidity makes daytime ventilation essential for physiological
comfort, thus making the objective of lowering the indoor temperature below the outdoor
level an unattainable one.
The conflicting performance requirements during the different seasons call for a
building which can change its thermal performance characteristics and the relationship
between the indoor and the outdoor temperature patterns during the different seasons.
Thus, the building should have compact and "closed" characteristics during the hot dry
season and "behave" like an "open" but sheltered building during the hot-wet season.

m
Such an adaptable design can actually be suggested. The overall external boundary
of the building should provide minimum wall area, in order to reduce the daytime heat
gain during the hot dry season.
However, the building should be "indented" by deep porches equipped with closable
insulated panels. Preferably indented porches on different sides of the building should be
interconnected, directly or through intermediate rooms, to form "breezeways". These
breezeways can serve many different climatic and household functions during different
times.
During the hot-wet season the breezeways can be left open continously. In this
mode they provide a semi-outdoor area, well ventilated but sheltered from sun and rain,
where various household activities can take place.
During the hot dry season the insulated panels should be kept closed during the hot
daytime hours, forming an integral part of the envelope, thus minimizing heat flow
through them into the building. The area of the (closed) breezeway is then an integral
part of the building as a whole and can be used for any purpose.

In the evenings they should be opened to enable cross-ventilation of the building's
interior. The area of the breezeway itself would be the most comfortable area in the
building and can serve as a place for such household activities as eating, resting, sleeping,
etc.
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