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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.J, 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 XNFOCLIMA 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

HUMAN ECOLOGY AND CLIMATOLOGY

V.P. Kaznacheev
Institute of Clinical and Experimental Medicine, Academy of
Medical Sciences of the USSR, Siberian Branch, Novosibirsk
630092, USSR

Introduction

Industrial exploration of areas of the Earth with extreme
climates (high latitudes, deserts, high altitudes, tropics) has raised
interest in the ecological aspects of climatology - the science, which
studies the environmental impact of the climatic conditions and their
changes in various continents (Kobysheva et al., 1980).
According to V.I. Vernadsky (1978), climate constitutes one
of the most significant conditions for development and evolution of the
biosphere, and is of the utmost importance to the human environment.
The evolution of life indeed proceeded under pronounced climatic fluctua
tions during different geological eras.

The importance of an interaction of the geophysical and cosmic
factors upon life was first proposed by Vernadsky. Basing himself on
this assumption, he drew the principal conclusion that the biosphere is
a planetary-cosmic phenomenon.

A.L. Chyzhevsky (1930), in establishing the principles of this
new science called heliobiology, introduced the concept of a compensatoryself-preserving function of the biosphere which is essential for the
existence of Living organisms under the planetary-cosmic conditions
prevailing on Earth.
According to Vernadsky, already during the first decades of
the 20th century mankind became a "geological force" which was able to
change the surface of Earth through human activities which have become
further amplified by man's Later achievements in engineering and science.
At present, we can see that this Vernadsky's foresight was completely
corroborated.
Another proposition by Vernadsky, namely a transition of
the biosphere into a noosphere is also under intensive development.

Gradually, various aspects of the global and regional ecology
are becoming of greater importance. A new interdisciplinary science human ecology - is also under development.
As Earth's ecology undergoes
ever greater "cosmitization", human ecology now constitutes part of a
more general branch of science - cosmic anthropoecology.
Further scien
tific trends have recently Led to the development of a new field called
"cosmic terralogy" (A.V. Sidorenko, 1982; AL.A. Grigoryev, Kondratyev,
1985).
For a quantitative evaluation of planetary-cosmic relationships
connected with climatology, it is necessary to use special biospheric
units and to evaluate for instance the dynamics of the hydrosphere from
the point of view of the general thermodynamics. Any classification of
biospheric units must take into consideration the Linkage of events
which occur in the biosphere with those in the hydrosphere, as well as
the influences upon both of them of cosmic factors. To meet these
requirements we suggest as an example the basic-solar biospheric unit (BSU)
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which is tied with the fluvial run-off of large rivers. In Siberia
there are the Ob river, the Lena river and the Enisey river. BSU is
to be considered as a system which includes: 1)
input (rewatering)';
2)
channel, which serves for transference of water masses and
accompanying minerals and chemical compounds (riverbed and its basin);
3)
outlet with a run-off of the water masses into an ocean or sea.
As time unit for the hydrospheric BSU a time-span of the complete solar
cycle (22-23 years) as well as its fractions of 11 and 5,5 years, which
display changes in the solar activity, are suggested to be applied
(Kaznacheev, 1982).
Cosmo-ecological factors and the biosphere
From scientific publications the significance of some inter
relationships within the systems "cosmos-weather" and "cosmos-climate"
are becoming more and more evident (Solar-terrestrial relationships,
weather and climate,1982; Sidyakin et al., 1985; Mizun, 1985).
For
instance the role of cosmic and solar radiation, particularly of
corpuscular nature, in the formation of various types of synoptic weather
systems is at present under intensive study. These problems, when applied
to the biosphere, may be defined as a part of the interdisciplinary
science which we call bioclimatology.

In our opinion interactions of cosmic radiation with atmospheric
processes so far have been studied insufficiently.
This is not only due
to the complexity of the problem, but also due to the prevalence of a
geocentric instead of the heliocentric way of thinking in climatology.
The achievements of the cosmonauts strongly favour the promotion of such
new ideas.
Weak ecological relations with the biosphere
In studies of the relationships between cosmos and the biosphere
the so-called weak ecological relations are being studied quite insuffi
ciently or are not being taken into account in the least. Apparently,
this is because among the natural scientists the idea prevails that
strong high-energy interactions must play the primary role.
Let us discuss this question in more detail. It is well known
that a main component of the universe is photonic fluxes.
In addition
to the astrophysical functions of these fluxes, medico-biological studies
have shown that there exist ultraweak emissions of photons by living
organisms at various stages of their evolution with the exception of algae
bacteria and protozoa. One may assume that interactions between function
ing living systems, being displayed in different forms of their vital
activities may be basically of an electromagnetic nature.
For many years
we have studied the phenomenon of intercellular interaction at a distance.
This phenomenon has been shown to be due to electromagnetic emissions in
the visible range of a system consisting of two tissue cultures, one of
them affected by a damaging agent, such as viruses, UV~radiation or
sublimate (Kaznacheev, Mikhailova, 1981, 1985).

It has also been established that the intrinsic electromagnetic
emissions of cells is capable of a "distant initiation" in other cells
of a series of complex processes which closely simulated the status of
the emitting cells. By application in a modelling experiment to a cell
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culture in an extreme state various pathogenic factors, we have revealed
a response effect in cells of a detector-culture which had only optical
contact with the "emitter-culture" through a thin quartz plate. This
"response-effect" of the "detector-culture" is an imitation of the patho
logical state in the "emitter-culture", and we have designated it as a
"mirror-cytopathical effect" (MCE) (Kaznacheev, Mikhailova, 1981).

We have concluded that cells in cultures emit quanta or electro
magnetic fields.
It may be assumed that, for any cell, emissions are an
obligatory manifestation of its vital activity, in other words this is
an off-beat emission. We assume further that for the cell itself this
emission serves as an internal system for transfer of information and is
of great importance for the cell's vitality. This hypothesis has been
proposed by us and also by other research workers.

When studying the distant intercellular interactions we have
also revealed the existence of seasonal fluctuations of the "minor cytopathical effect" (Fig. 1). There were both positive and negative results
of the experiments, but their mutual probability varied from month to
month. This has led us to assume that the outcome of any experiment may
be influenced by some uncontrolled heliogeophysical factors.
A statis
tical presentation of the experimental data corroborated this proposal
(Table 1).

It turns out that when pronounced disturbances of the geo
magnetic field are combined with a positive value in the interplanetary
magnetic field sector and with a large number of bursts on the Sun, the
appearance of MCE had a probability of 0-30%. At a more favourable
heliogeophysical situation MCE appeared in 70-80% of the experiments.
The difference is quite significant! We have also revealed the bio
tropic effect in cells of a tissue-culture which was grown under hypomagnetic conditions, i.e.ina chamber shielded against the external
geomagnetic field.
Thus, the experimental data obtained indicate that the geo
magnetic field is a necessary condition for the vitality of the bio
logical systems.
It is conceivable that, similarly as other ecological
factors, the natural electromagnetic fields have played a significant
role in the evolution of the biosphere. It may also be conceived that
the cellular and, possibly also the molecular, structure of living
matter is basically exposed to external electromagnetic fields. The
structure of cell cultures and their distant intercellular inter
actions may be considered as prospective tests for a biodetection of
external physical forces. We have presented the possible idea of the
existence of life forms of fields, and of electromagnetic homeostatis
(Kaznacheev, 1983; Kaznacheev, Mikhailova, 1985). This trend in
thinking is very prospective and promising of new discoveries through
the study of weak electromagnetic interactions. According to our point
of view, the electromagnetic fields of dual corpuscular-wave nature
furnish the basis for life on Earth (the living matter). The living
matter may be considered as a particular combination of flows of
material-informative contents.

Ecological aspects of climatology

All weather- and climate-forming elements obtain a more
profound comprehension when being considered from a cosmic ecological
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point of view;
i.e. when all abiotic factors are taken into account.
It is of particular importance to consider in bioclimatological
studies such week ecological interactions as the reaction of man to
the heliometeotropic mechanisms. New classes are needed for studies
of the mechanisms of biotropic effects of astroclimatic-geographical
factors, as well as of their complexes.

At an era of the scientific-industrial revolution characterized
by intensive urbanization in the developed countries, studies of weather
and climate conditions must include consideration of anthropogenic
pollution of the atmosphere. This is becoming more and more urgent for
the development of both regional and global-scale ecology (Budyko, 1977;
Izrael, 1984).
It is well known that chemical compounds discharged
into the air as a result of a natural process or of an accident, by
a factor with unclosed-circuit, may spead over vast territories.
For
example, smoke from peat-fires in the European part of the USSR in
summer 1972 reached the Kazakhstan which is situated more than 2000
ki lometres away.

In our opinion the pollution approach to ecology has turned
a new leaf through studies of the permissible concentrations of toxic
substances and limiting standards. There is now a need for a more
comprehensive evaluation of the impact of pollution than only from the
traditional mutual potential impact point of view. As industrial smog
still hangs over many cities at times of anticyclonic weather, methods
for ecological monitoring of the environment to control its impact are
under rapid development (Izrael, 1984). But alongside with improvement
of technical means for the control over the environment, it is also
important to apply a cosmic anthropology approach to the dynamic state
based on evaluation of basic solar units.
Ecological aspects of climatology are necessary for a further
development of studies of the problems of human climatophysiology
and cIimatopathology. Presently, there is a large literature concerning
these problems (Mezernitsky, 1937; Assman, 1966; Danishevsky, 1968;
Matyukhin, 1971; Andronova et al., 1982;
Faust, 1978, etc.).
It is
not our task to give a thorough analysis of these scientific trends.
Here, we shall emphasize only some methodological aspects.

There is a need to elaborate the interrelated features of
the "cosmic radiations-solar radiation-climate-weather conditions of
various biological systems".

Studies of solar-biospheric relations
We consider that studies of the solar-biospheric relations
should be based on the following methodological principles:

analyses of fluctuations in electromagnetic field
intensity, in relation to changes of the climatic
types throughout Earth's history;
inclusion of the anthropogenic electromagnetic fields
("noises") into the cycles of the solar activity for
understanding of their biotropic effects;
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-

a review of the meteotropic reactions as related to
a changed resistance of the biosystem ("targets")
caused by helioclimatographic factors at the time
of the scientific-industrial revolution;
a study of the mass-scale migrations of Earth's
population and of its possible significance for the
global processes in the biosphere.

Heliometeorotropic reactions in man

On the other hand, it is also of importance to study the general
reactions of biological systems caused by natural physical factors and
based on the concept of human constitutional types - such as runners,
stayers and the intermediary ones. We have offered a classification of
varieties of human's responses to the electromagnetic field and differ
entiate between normal, excessive, insufficient paradoxal and patho
logical types of responses. Theoretical considerations have been
published earlier (Kaznacheev, 1980, 1983). The above-mentioned differ
entiation of human's heliometeorotropic reactions would allow for their
forecasting.

Heretofore, the mechanisms of the heliometeotropic reactions
of a healthy or sick person have been studied quite inadequately and
this impedes the carrying out of treatment and prophylaxis. To promote
the studies on this problem the Siberian branch of the Academic of
Medical Sciences of the USSR has elaborated the scientific programme
"Sun-Climate-Man" (Kaznacheev et al., 1977).
Based on this programme
under the aegis of the Institute of Clinical and Experimental Medicine,
global and synchronous studies have been carried out on the biotropic
effects of the astroclimatogeographical factors during the period of
the quiet Sun and the disturbed Sun (1985). The results have been
partly published.
Recreational properties of climate

The ecological aspects of the climatology include also studies
of the Earth's various climate types. Presently, the "recreational geography"is under intensive development (Tsarfis, 1979).
An encyclo
paedic guidance about sanatoria and resorts in the USSR has been
published (Tshasov, 1983). A network of sanatoria and resorts is under
development in the Soviet Union thus favouring the réabilitation of large
groups of people by the use of climatic factors.

The methodological bases for the population's recreation, in
our opinion, need further development. The scientific council on the
problems of the biosphere at the Presidium of the Academy of Sciences
of the USSR initiated two conferences on the problems of the Soviet's
recreational zones and their development which took place in Kislovodsk
(1979) and in Yalta (1983). We have proposed that it is necessary
to promote further this scientific trend on the basis of the biospheric
approach. Large recreational zones in the USSR, such as Crimea, have
to be regarded as parts of the biosphere with pronounced recreational
properties but Limited resources. This approach makes it necessary to
regulate migration of people from remote climatic-geographical zones
to recreational areas of the country.
It is also necessary on a broader
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scale to use the recreational properties of every climatic-geographical
zone through the development of the local recreational institutions
(tourist centres, sanatoria, holiday camps, etc.).
Climatic and
balneological resources are available at almost every geographical zone
of the USSR. They have to be used for prophylaxis based on anthropogeological weariness (Kaznacheev, 1983). To meet recreational purposes,
the problem of the bioclimatological zonation of the country's terri
tories should also be washed out.
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Monthly manifestations of the Mirror Citopathic Effects/MCEZ
for the decade 1966-1976
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Number of chambers with positive MCPE

B.

Number of chambers with negative MCPE

11

Table 1

Distant Intercellular Interactions under various helio
geophysical conditions
(Results of investigations in 1966-1976)
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+
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-
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THE USE OF SATELLITE IMAGERY IN DETERMINING
THE RELATIONSHIP BETWEEN CLIMATE AND HEALTH

Petar Jovanovic, M.D.M.P.H.
Association of Scientific Unions
8, Omladinskih Brigada
11070 Belgrade, Yugoslavia

INTRODUCTION

The use of satellite imagery in meteorology was the first application
of space technology in earth-oriented studies. This technology has gradually
been accepted in almost all social and economic sectors except that of public
health. The impact of climate on health is still studied on the basis of "in
situ" - on the ground and in air-collected samples and data.
Considering that satellite remote sensing imagery is used in almost
all health and climate-related sectors and activities as a useful source of
information for their research and development, the hypothesis was made that
satellite imagery could also be a useful tool in public health, e.g.
epidemiological activities. Research was undertaken to test this hypothesis.
The general objective of the study was to check whether climate-environmental
elements and factors are detectable from space. Existing sensor-systems were
reviewed. A special objective of the research was to specify climate
elements, parameters and factors which are detectable from space and relate
them to health problems. The relationship between climate zones and the
distribution of incidence and prevalence of health problems and diseases,
including the pathogens and various vectors, were examined.
Meteorology and climatology were amongst the first branches to use
satellite remote sensing for operational and research purposes. Other sectors
which heavily depend on satellite information include agriculture, forestry,
geology, hydrology, communications and urban and regional planning, as
presented in Table 1.

THE HYPOTHESIS
Many health-related sectors are using information from satellites. In
particular (1) climatic parameters and conditions can be monitored from space;
(2) health/disease parameters can be related to climatic conditions. Thus,
(3) health related parameters and conditions can be monitored from space.

This classical syllogism should be scientifically analyzed and
verified.
THE STUDY

The study focussed on the identification of climate parameters and
conditions that could be monitored from space and are related to health, see
Tables 2-4.
The scope of the study did not include the proof or provision
of evidence that some climate parameters are directly related to specific
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diseases or health conditions. Satellite photographs and images available in
remote sensing centres and published reports on health and satellite imagery
were used in the study. First an analogical approach was applied, then a
comparative, and finally an analytical methodology was used in an attempt to
identify parameters and conditions.

RESULTS AND CONCLUSIONS
As indicated in Tables 5-8, satellite imagery can be very useful in
analyzing the relationship between climate, health and diseases. It can also
be used in the prevention and control of climate-related health problems or
diseases.
It is thus suggested that the capacity of todays space-based
sensors is sufficient to discern climatic parameters and conditions of direct
relevance to specific pathogen and health activities. This includes:

Detection (assessment, identification) of climate conditions likely
to support growth of pathogen or vector (chemical, physical or
biological)/

-

Control of endemic, parasitic climate-related diseases by
environmental manipulation and/or modifications.

Evaluation of the effect of environmental preventive changes.

Survey of environmental changes after extreme meteorological events
causing health problems,
Survey of specific health factors in various climate zones,

Directing control measures against endemic diseases,
Synchronising preventive, control, and therapeutic measures.

A major advantage in using space-based monitoring is the feasibility
to survey large, even unaccessible regions as well as cover large
populations.
It should thus enable cheaper, but at the same time better,
field surveys, even though "ground truth" data will have to be collected by
traditional means.
It is felt that this technique, when further developed,
will be a useful tool in epidemiological and other public health related
activities, e.g. malaria control, skin-cancer, epidemiology, etc.
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Climate and health-related Sectors using Satellite
Technology

Meteorology
Climatology
Agriculture
Forestry
Fishery
Hydrology
Pedology
Geology
Cartography
Communication
General: radio, TV
Individual: personal, police
Navigation
Frontier-coastal disaster warning
Resource monitoring
Ocean monitoring
Urban planning
Regional planning
Development works :
Water works
Forestation
Others
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I
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A
T
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TABLE

2s

Non-classified health-related climate elements and
factors likely to support the growth or transport of
pathogen (chemical, physical, biological)

Climate elements (variables)
detectable from space

Combination of elements
detectable from space

Air + Watery + Soi l_s_

Me teorologiica l_eyents_:

Temperature, humidity, evaporation
Cloudiness
Insolation
Solar-terrestrial radiation
Wind speed and direction
Precipitation
Snow cover
Aerosols and ions
Geogas emanations
Front radiation
Cold air ionisation
Warm air ionisation
Electromagnetic induction

Cyclonic activities
Extreme events
Storms
Frontal activities

Zones of_cOTifprts_
Sensitive temperature
(wind effect,
humidity effect)

Natural d.i_sas_ter^:
Floods, droughts,
earthquakes,tornados

TABLE

3s

Health-related classified climate elements detectable
from space in horizontal and vertical profile

AIR

Temperature
Humidity
Aerosols
Radiation
Wind
Clouds
Atmosph. pressure
Trace gases
Air pollution

WATER

SOIL

Temperature
Evaporation
Watersols
Radiation
Wind
Water level

Temperature
Soil moisture

Radiation
Wind
Precipitation
Geoevaporation
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TABLE

4:

Detectable from space

Natural climate factors
(Physical, chemical, biological)
Modificators of climate
(rel. invariable)

Anthropogenic climate factors,
modificators
(Slow variables)

Earth rotation
Earth revolution
Geographic lat. long.
Land, water distribution
Altitude
Mountains-plains
(reliefs)
Soil - water, ice, snow
Vegetation
Atmospheric circulation
Air masses transformation
Atmospheric composition

Deforestation
Desertification
Forestation
Water development
Urbanisation
Industrial air pollution and
aerosols (N0x,SOX,CHX,)
Trace gases (C02)
Ozone layer modification
Water turbidity
Underwater vegetation
Water level fluctuation
Weather modification

TABLE

5i

Communicable diseases related to climate parameters
detectable from space

Diseases

Climate parameters likely
to support pathogen,
host or vector

Endemic ;

Specific;

Malaria
Schistosomiasis
Onchocercosis
Trypanosomiasis

Temperature (of air, water)
Humidity of air
Water flow speed, depth
Wind speed
Altitude of soil
Vegetation (on soil,
in water)
Precipitation

Climate type

Tropical
Hot
Wet
Moderate
Cold

Other»

air-, water-,
soil-borne diseases

The same as above

In all climate
zones
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TABLE

6:

Non-communicable diseases related to climate parameters
detectable from space

Anthropogenic climate
parameters

Type of climate
modification

Respiratory diseases
Allergic asthma
Vitamin D
deficiency

Air pollution
Temperature inversion
Decrease of ultra-violet
radiation

Urban and
industrial zones

Natural epidemic
and endemics
combined with
anthropogenic
diseases

Acid rains
Trace gases
Heavy metals
Combination of climatic
factors

Local and
trans-frontier
climate
variations

Diseases

TABLE

7:

Diseases related to expected global climate changes

Anthropogenic climate
parameters

Global climate
perturbation

General geographical
redistribution of
environmental
diseases, endemic
and epidemic

Increase of trace gases
General warming
Ice cap melting
Sea level increase
Inundations
Climate belt change
Cyclone pathway change

Chemical summer
age on Earth

Eye diseases
Skin cancer
Immunodeficiency
diseases

Ozone layer depletion
due to chloro-fluoro
carbon increase
Increase of ultra-violet
radiation

Ultra-violet
burning through
ozone holes
during chemical
summer

Diseases
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TABLE

c
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8:

Climate and health-related expanding and increasing
anthropogenic environmental changes detectable from
space

1. Water accumulations for energy, water
supply and food production
2. Urbanisation with consequent
air, water and soil pollution
3. Coal- and fuel-fired energy production
4. Soil degradation
5. Water degradation
6. Air - climate change
7. Biota degradation
8. Food pollution
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PHYSIOLOGICAL MECHANISMS OF ADAPTATION UNDER EXTREME ENVIRONMENTAL
CONDITIONS

F.F. Sultanov
Institute of Physiology and Experimental
Pathology of the Arid Zone of TSSR A S, Ashkhabad, USSR

Introduction

The range of possibilities for adaptation of a living being
and its reserves are best studied under so-called extreme conditions.
In spite of its wide usage, the meaning of the word "extremity" is not
yet clearly defined. The main idea of the term indicates inadequacy
of environmental conditions.

Evolutionary adaptation is known to provide species having
adequate conditions within their ecological niche with potentiality for
a variety of unusual combinations of natural factors. The examples are
abundant as at present living organisms occupy practically all possible
ecological niches of the planet.
It should be noted that extreme conditions mostly occur in
connection with man's activities.
For man they could be voluntary and
forced travels, accidents, specific activities such as reaching a
mountain-top, or subjugation of Arctic, Antarctic and the near space.
If, from the above definition, one assumes that extreme condi
tions are inadequate, one automatically excludes the possibility of a
living system to adapt itself to such conditions.
In other words, it
is agreed that functional ability during a long life of a man or an
animal to fully adapt to extreme, hence inadequate, surroundings are
impossible.
Paradoxical though it may appear, such "survival" has been
thoroughly studied in experiments on adaptation.

Not infrequently, when investigating some physiological phenomenazwe deliberately place the organism under study in the most unfavour
able external environment.
But the time of exposure to these extreme
factors is limited. With repeated exposure, the time of relatively safe
stay of an organism in extreme surroundings and, in case of animals,
the time of their survival in special experiments increase,a fact which
is taken by some researchers as a positive evidence of adaptability to
extreme conditions. However, whether we deal with real adaptation in
these cases is doubtful.

Assessment of phase space conditions
An extremity of the natural factors can be estimated only
through reactions of the organism itself; hence it is necessary to assess
the phases of various space conditions and their transition from one
stage into the other.
The first phase space conditions is characteristic of an
adequate environment and of the fact that the range of the homeostatic

21

parameters is regulated by an ecology-dependent specific norm for
reactions with some individual variations.

Transition into the second phase space conditions occurs after
a long period of changes in the environment which has acquired a character
of relative inadequacy and in the initial stages may be regarded as sub
extreme.
An arrangement for long exposure to subextreme circumstances
assumes that the organism can adapt and form a new stable state through
structural and functional alterations. Nevertheless, even if we deal
with an individual organism, the adaptation of which seems to be quite
favourable, the second phase conditions remain relatively inadequate.
This is revealed through a reduction of specific and non-specific resist
ance, in an increase of the energy expenditure required for existence and
in a decrease of the reserves against really extreme conditions. This is
the complex of ecological "pride of adaptation" which ultimately leads to
the decrease of the general health in man and to the fall of productivity
in cattle.
While it is possible to treat the second phase space conditions
as a state of adaptation, the third phase is exclusively a state of
compensation under extreme environmental conditions.
Existence of the
organism in the third phase is not accompanied by a stabilization of the
homeostatic parameters.

Consequently, in long-term exposure to extreme surroundings
the physiological mechanisms fail to provide full adaptation of the indi
vidual. Only a compensation for increasing changes is possible which is
regulated by the reserves of the organism. The length of survival in
extreme surroundings depends on the range of a compensation of the phase
space conditions which vary according J:o the intensity and combination
of existing factors as well as to the initial state and the present
available resources.
The third phase space may in its turn be divided into two phase
spaces according to the relation to reversibility of developing shifts.
The space of reversible shifts defines the limits within which destabili
zation of the state can be abolished when the organism returns to ade
quate conditions.
Trespassing of the limit leads to a chain reaction
of the destabilization of homeostatis and of the regulation within the
organism which is followed by death of the organism even in adequate
conditions.

It is necessary to point out that phase spaces describe only
the reactions of the organism itself against inadequate environments
(factology) and represent an attempt to regulate and classify the states
under these surroundings.
The key point of the problem is the presence
of common mechanisms for individual adaptation, fitness and survival
under extreme environmental conditions.
Synthetical investigations in ecological physiology
In this connection there arises a problem of synthetical invest
igations in ecological physiology. Time characteristics of adaptation
are the least studied but they are concerned with the most common events
of adaptation in various conditions.
As a rule, we distinguish three

22

stages of adaptation:
(i) an acute period with rapid mobilization of
defensive specific and non-specific reactions;
(ii) a period of
formation of a functional system with predominance of specific defensive
reactions;
(iii) a period of structural and functional optimization.
We believe that these periods are completely related to the general
ecological principles of adaptive processes. The idea of these principles
is that they reflect the characteristics of the dynamic environment with
some elements of anticipating prognosis. Genetic adaptation deals with
structural and functional adaptation in the terms of geological epochs
whereas populational adaptation occurs over dozens of years and is
possible due to the heterogeneity of genetic resources of the population.
Great attention is to be paid to the biological time scale which is
specific for different species. Here, we come across a stumbling-stone
of the methodological approach, namely the choice of the "model" for
studying adaptation. The most common "experimental model" for invest
igating physiological adaptation is the rat. To facilitate biochemical
findings linear rats (mice) are preferably used nowadays.

By decreasing the variability of structural and metabolic
reactions the investigator facilitates his experimental studies on the
one hand but sharply limits the ecological range of possible intei—
pretations of his findings on the other. He may have to explain physio
logical mechanisms at the level of the situational and seasonal adapta
tions alone if he intends to remain within the limits of the ecological
approach.

Thus these "models" (mice) are good for studying only the first
two stages of the process of adaptation. During these stages the neuro
physiological and hormonal-humoral factors of regulation are of paramount
importance, while adaptive modifications of behaviour become most
significant in natural conditions. At the same time change of behaviour the most perfect form of adaptation - is impossible without a correspond
ing structural-metabolic basis. With such an approach the emphases shift
when we try to explain the data obtained.

An adequate pattern of behaviour is created through a break
of the preceding one. The forms of this break Leading to the emergence
of a new pattern may vary from reconstruction of some elements to anta
gonistic modifications.
The process frequently occurs as an approbation
of the existing programmes.
In rats the change may involve either active
defensive and even aggressive behaviour or, on the contrary, passive
reaction of subsidence. Both models were ecologically confirmed by real
situations. However, under the influence of intensive natural factors
nevertheless they turned out to be inadequate. The occurrence of a
reconstruction of the adaptive behaviour sharply reduces the stability
of the animals' behaviour in extreme environmental conditions. Whatever
the nature of the improving factor, there is a process of mobilization
of reactions of the nervous and humoral complexes which is not specific
for the present factor. We have called this mobilization "the protective
hood". Our investigations have shown that in the majority of cases the
action period of the protective hood does not exceed 3 or 5 days.
It is
worth noting that after the first 3 to 5 days of a relatively favourable
state of people in a desert their general condition is markedly aggravated.
Later,it begins to improve gradually in parallel with an optimization of
the structure of the body reactions which reflects a new ecological situa
tion. We ascribe this dynamics to a discontinuation of "the protective
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hood" and to a transition to a new behavioural programme including the
corresponding structural and metabolic supply.

During the period of structural and functional optimization
a basic requirement is related to the ecological fitness of the new
behavioural pattern (programme) which is intimately related to the
problems of preservation of life, to the realization of programmes
for reproduction of species, and to preservation of generations.
In
this case adaptive characteristics, being specific for each leading
factor of the surroundings, must meet the requirements of the overall
ecologically important programme.
In natural environments very separate
factors may produce opposite, antagonistic reactions, but during the
period of structural and functional optimization they become integrated
for the organism into a single dynamic force of the living conditions.

SEASONAL ATMOSPHERIC CHARACTERISTICS
SIGNIFICANT FOR ACUTE VASCULAR DISEASES

Nada Plesko
Hydrometeorological Institute
Zagreb, YugosLovia

ABSTRACT

The
frequency of
embolism, in
investigated

relation of daily atmospheric conditions to the daily
cerebral vascular attack, myocardial infarction and lung
other words, acute vascular diseases (VD), have been
for seasons in Zagreb on the basis of a two-year period.

It is shown that cold fronts are more significant than warm
fronts for vascular patients in the continental part of Croatia
(Yugoslavia).

A correlation among numerous meteorological elements and
the incidence of VD has been studied for a series of seven-day moving
periods. By means of significant correlation coefficients it was
emphasized that seven-day moving periods in the cold part of the year
are unfavourable if the air temperature and pressure are low, if their
interdiurnal fluctuation is great and if mid-day instability is
decreased (in anticyclonic conditions). The significance of meteoro
logical elements disappears in the warm part of the year, although
cold periods remain unfavourable during the whole year.

A CHRONOLOGICAL APPROACH TO THE STUDY OF WEATHER INFLUENCES
ON HEALTHY AND SICK PEOPLE

F.I. Komarov, S.I. Rapoport, L.V. Eriomina
1st Moscow Medical Institute, Moscow, USSR
A.V. Komrakov
Central Research Institute of Curortology
and Physical Therapy, Moscow, USSR

Introduction

Such a phenomenon as rhythmic changes in an organism has received
considerable attention by various specialists in recent years: physicians,
mathematicians, biologists, chemists, physicists, climatologists, etc.
To a great extent the interest in this problem can be explained by the
universality of rhythmic processes in nature and by their great theoretical
and practical signficiance.
A new branch of medicine - chronomedicine has been introduced.
Investigations of biological rhythms in the organic world provide
a dialectical and materialistic basis for understanding of the laws of exist
ence and for the development of biological systems. To a certain extent, such
studies provide a methodology for the science about life.
Rhythmically
changing functions make it possible for an organism to adequately react to
evei—changing conditions of the environment and of homeostasis. This makes
them especially significant in human adaptation. The adaptive property of
biorhythms has proven particularly important since it ensures the interaction
between an organism and the environment.

In this principle an essential role is attributed to stable cyclic
processes occurring in the environment as "season sensors" and to night-day
succession of many basic parameters.
Biorhythms in an organism are believed to be of great clinical
significance. According to Aschoff (1967), the succession of physiological
functions and processes, developed during the course of evolution, is a
prerequisite for good health and capacity for work.
As HiIderbrandt (1976)
concludes "health is an optimum correlation of interrelated rhythms of
physiological functions and their correspondence with cyclic changes in the
envi ronment".

Many reliable experimental and clinical findings show that it is
necessary in studies of human health to take into account night-day and
season rhythms, which are synchronized by day-light or meteorological and
helio-geophysical factors of the environment (Matjukhin et.al., 1976).

Hippocrates noted that "..much depends on atmospheric phenomena,
because the state of organisms changes in accordance with the succession
of seasons".
Findings of scientists at home and abroad suggest that despite
differences in aetiology and pathogenesis many deseases have much in common.
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e.g., the discordance of functions between themselves and outer space sensors.
Proceeding from the notions of medical climatology De Rudder (1938)
developed a theory of weather and seasons as pathogenic factors, which
has become widely known.
A new notion of pathological human stage called
disynchronosis has also been developed (Al jakrinsky, 1975).

Disynchronosis and diseases
Any kind of stress, any ailment or disease, particularly cardio
vascular, nervous-mental, gastro and intestinal diseases have proved to
be accompanied by desinchronosis. Peptic ulcer is characterized by night
day and seasonal clinic rhythmics and hence it is a most suitable object
for study in chronomedicine.

Eriomina (1983), while investigating circadian rythms of the
psycho-physiological function of peptic ulcer and duodenal ulcer patients
found that exacerbation was accompanied by the development of both inner
and outer disynchronosis, revealed by changes of the acrophase and the
amplitude of the studied functions.
Patients under observation suffering
from peptic ulcer and duodenal ulcer did not show any specific symptoms of
desinchronosis. The frequency of disynchronosis with peptic ulcer and
duodenal ulcer patients appeared to be nearly the same (about 75%).
It was
noted that the succession of circadian rhythms may serve both as an
objective indicator of effective treatment and as one of the prognostic
criteria. Disorder in circadian rhythms in the last phase of a treatment that is desinchronosis - allowed to select a number of patients under the
threat of relapse.
Practically all the clinical physicians dealing with peptic ulcer
observe that exacerbation with this group of patients is more frequent in
autumn and spring.
It is in these seasons of the year that severe complica
tions after peptic ulcer, postoperational complications and even deaths
prevaiI.

Each season has its weather-climatic characteristics.
Such transi
tion periods as spring and autumn are characterized by higher mobility of
synoptic-meteorologicaI parameters, that is by their high changeability
within a night-day period. Since the transition process is the most
difficult for an organism, it is only natural that it most vividly reveals
the reliability of the regulation system. As a rule it is revealed in the
weakest link of regulation of any organ or system, affected by a pathologic
process.

Consideration of the adaptation problem from the point of view of
chronobiology widens the methodological approach to the problem of meteopathology. We believe that meteoropathic reactions should be considered
as a particular case of an organism's disadaptation. Hence the problems of
chronomedicine and meteoropathology should be considered in their dialectic
unity.
To a great extent changes of environment factors seem to be one of
the reasons for development of disynchronosis with weakened or ill persons;
symptoms of disynchronosis are also indicative of worsening of the general
state of health and of influence exerted by environment factors.
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Clinical examination of ulcer patients
Proceeding from these assumptions we started developing a complex
chronobiological approach to investigate whether healthy and sick
persons are influenced. Peptic and duedonal ulcer was taken for a model.
Results of clinical examination of ulcer patients were analysed and compared
with helio-geophysical and synoptic-meteorological data collected within the
the city of Moscow. With the purpose of finding out the characteristics of
the disease development and symptoms most evident with ulcer patients a
formalized card called "Dynamics of psychophysiological functions and
subjective sensations of ulcer patients" was prepared.
In addition to
passport data of patients, the card included the records of self-observation
and tests for estimating the psychological status. It was adapted for
entering the collected data into the computer.
Special attention was given
to the determination of a patient's state during night-day periods in order
to determine regularities in the rythm of the psycho-physiological function.
A blank method "Supos-8" developed in Chekhoslovakia was used for this
purpose.
It allows for a positional grade determination of a patient's
psychological state. The estimate involves components like psychologically
quiet, sense of strength - activity, urge towards action, impulsiveness reactivity, anxiety - nervousness (agitation), fear, depression, despondency
etc.

Example of phycho-physiological dynamics in patient
The description of patient K's state during his stay in hospital
in April 1985 can serve as an example of this approach. During his stay
in hospital the patient had irregular developments. However, we focused on
the period from 18 to 30 April, which seemed to reflect the change in
the patient's state most clearly. We also supposed that worsening of his
health was to a great extent due to the influence of environmental factors.
The patient showed some psycho-physiological dynamics under the favourable
conditions of clinic and socio-psychological comfort during the course of
the treatment in hospital.
During the analysed period the components of
positive psychical state (psychic quiet, sense of strength, urge toward
activity, impulsiveness) were scarcely represented.
Besides an increase of
depression and despondency was noted. The enumerated components were
formalized irregularly, and the process of normalization was affected by
changes within night-day and several day periods. At the same time, the
symptoms of desinchronosis intensified. Low correlation coefficients
(0.1 - 0.4) between basic physiological parameters of body temperature and
pulse was noted.
This period was characterized by a considerable change of basic
synoptic-meteorological indicators. At the same time two strong magnetic
storms took place, which caused the unsteadily state of the Earth's
magnetic field.

Physicians often look for an explanation why new ulcers
appear in the gastroduodenal tract even when the patient's state is satis
factory and there are no signs of exacerbation of the disease.
A complex approach to the investigation of the pathology of a
disease through examination of a patient's biorhythms and comparison of the
findings with data about environment changes helps to establish both
connections and reasons for the development of complications and exacerba
tions and certainly contributes also to the discovering of pathology
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formation of peptic and duodenal ulcers with regard to changes in environ
mental conditions.

We believe that this approach is a perspective one.
It could be
applied not only in ulcer treatment but to other diseases and also to
the diagnostics of meteorosensitivity of healthy people.
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TWO-FREQUENCY IMPEDANCEMETRY OF THE HUMAN HAND
UNDER TEMPERATURE INFLUENCE ON THE ORGANISM

V.E. Palchikov and A.S. Osenny
Institute of Physiology, Siberian Branch of the USSR Academy
of Medical Sciences, Novosibirsk, USSR

Introduction
The hand is the most active part of the human body in maintaining
temperature homeostasis under external temperature effects on the human
organism. The characteristics and range of variability of the structure
functional organization of the hand determine its functional potentia
lities. To describe structure-functional characteristics and their
dynamics the electro-impedancemetry method, based on the interaction of
bioobjects with an external alternating current, could be quite informative
(Osenny, Tornuev, 1981). However, no concrete data exist about' the rela
tion between hand impedance indices and climatic characteristics (temper
ature in particular) of any region where man is living. Physiological
mechanisms, stipulating differences in impedance indices are either lacking
or weakly substantiated. The dynamics of the hand impedance after altera
tion of the effects of external temperature has not yet been studied.
Method of investigation

Hand impedance (HI): High-frequency (HFI) and Low-frequency
(LFI) hand impedance were measured with the express-method at two fixed
frequencies of 1 MHz and 10 kHz with two frequency conductometers "TONUS-2"
(Aleinikov, Vereschagin, Osenny, ^981). To measure HI the active electrode
made in the form of a cup (0.2 cnri ) filled with electroconductive pa^te was
put on the forefinger-tip and the indifferent metal electrode (40 cm ) on
the palm of the same hand.

The hand finger temperature (HFT) was measured on the foregingei—
tips with a clinical electric thermometer (TREM-1).
To complete inter-electrode HI through estimation of the contribu
tion of skin stratum corneum impedance 17 control experiments were carried
out on the 11 volunteers using skin impregnation with usual water (1-2 min)
and skin mechanical treatment to remove stratum corneum.
To estimate HI dependence on temperature 11 control experiments
were made on 9 volunteers using Local cooling and heating of the hands
(from + 17°C to + 33°C).
To estimate seasonal dynamics of HI 15 male subjects (20-33 years
old) were examined in summer (June) and 24 subjects (17-56 years old) in
winter (February).

As inhabitants of different climatic regions, the following
subjects were taken: a)
inhabitants of Ivano-Frankovsk ("Europeans":
7 subjects, 25-55 years old); b)
inhabitants of Novosibirsk ("Siberians":
5 subjects, 22-29 years old). Investigations were carried out in JulyAugust in the morning and in the evening (at 07.00 and 16.00 h):
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"Europeans" were examined in Ivano-Frankovsk before the
departure, and on the first day in the week after return
as well;
"Siberians" were examined in Novosibirsk for 3 days;

-

All subjects were examined in Nizhnevartovsk (the north of
Western Siberia) during two weeks of staying under field
conditions, starting from the third day.

According to climatic data (Mamontov, 1979) the climate in Novosibirsk
is colder than in Ivano-Frankovsk, but warmer than in Nizhnevartovsk.

Results and discussion
The small area of the active electrode ensures the locality of
the impedance measurement, i.e., impedance measurement of the soft
tissues in the vicinity of the electrode. However, it is necessary to
know the contribution of skin impedance, its stratum corneum in particular,
to the complete interelectrode HI. At the frequency of 10 KHz the
current runs mainly through the intercellulary (Schwan, 1955) and there
fore stratum corneum, which consists of corneous scales with small water
content between them, contributes significantly to a complete LFI
(75-85%). At the frequency of 1 MHz its contribution to a complete HFI
is not significant (14-20%) due to the decrease of the stratum corneum
capacity (Nyboer, 1959). The blood-filling quantity of intra- and
extracellular liquid and the macrostructural polarization of intra
cellular formations are more significant (Schwan, 1955).
The passive short-term changes of the hand temperature caused
opposite changes in HI. The gradient of impedance alterations was on the
average 2% which correlates well with the known data obtained on isolated
tissues and skin (Maslov, 1952; Slynko, 1972). However, the character
istics of the responses of the physiological organism under th.e long-term
temperature influences may arouse some changes in the temperature gradient
of HI.
Thus, in winter there was a reliable increase of impedance
(HFI= 957 + 25 Ohm, LFI = 4 637 + 266 Ohm) as compared with summer
(HFI = 817 + 25 Ohm, p
0.001; LFI = 2 575 ± 103 Ohm, p < 0.001). The
increase of LFI (33%) was essentially greater than of HFI (17%), when the
HFT decreased on the average by 4.9°C (p < 0.001). According to our data,
perspiration and water saturation of stratum corneum may be more signifi
cant for LFI. Decrease of perspiration and increase of skin dryness
rises its heat-insulating properties and may serve as a quick and economic
response during adaptation to long-term low temperature environmental
influence.

The initial values of HFI and their dynamics under effects of
temperature should reflect the adaptive structure-functional character
istics of the hand in the inhabitants of different climatic regions. Thus
in "Siberians" the initial value of HFI (832+40 Ohm) and LFI (2 942±116 Ohm)
were greater (p<0.01) than in the "Europeans" (HFI = 603 + 19 Ohm);
LFI = 2 236 + 97 Ohm) having warmer climatic living conditions. HFT in
both groups had unreliable differences (p>0.05).
In "Siberians” translocations from Novosibirsk to Ivano-Frankovsk
(region with similar climatic conditions in that season: July, air temper
ature during investigations + 24°C and + 25-25°C, respectively) caused a
small decrease of HFI (p-cO.001) and LFI (p>0.05) and increase of HFT
(p<0.05). Their impedance indices remained greater (p<0.01) than in
"Europeans".
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In both groups after translocation from Ivano-Frankovsk to
Nizhnevartovsk under the direct influence of cold conditions (low air
temperature in the morning during investigations - +13-16 C) there was an
increase in HI. The increase of HFI in "Siberians" and "Europeans"
(100% and 70%, respectively) was greater than of LFI (40% add 30%). The
increase of HI in "Siberians" was greater than in "Europeans". HFT in
"Siberians" decreased unreliably (p>0.05) and "Europeans" had a steady
decrease of HFT on the average by 3-5 C (p<0.05). That is to say that
heat-insulation characteristics of the hand in "Siberians" under lowtemperature influences turned out to be effective.
The differences of vasomotoring responses are evidently more significant in this case (greater
changes of HFT).

To explain HFI dynamics only at the expense of blood flow and
blood filling is not complete.
It should be taken into account that at
frequences of 1 MHz the current runs easily enough through the cell
structures (Schwan, 1955).
Impedance of intracellular formations
(cellular electrolytes, intracellular water content, conformative proper
ties of albuminous complexes and so on) may be of great importance during
adaptation to Low temperature conditions. These principles may be seen
also in plants, which lack blood flow. Thus impedance of frost-resistant
plants is greater under thermo-neutral conditions.
Its increase in winter
and during experimental cooling is also greater than in Less frost
resistant plants (Voinikov E.A., 1977). To increase thermoresistance of
biochemical reactions structural changes of enzyme complexes are possible
(Hachachca, Somero, 1970). Although in the examined situations the role
of these mechanisms may yield to hemodynamics in forming of HFI they
cannot be excluded.

Greater Lability of structure-functional characteristics of the
hand defines greater mobility of adaptive responses.
In "Siberians"
under rather high external temperatures (+18-25 C) during evening invest
igations, i ndi ces of HI and HFT did not differ from the initial ones
(p>0.05).
In "Europeans" an increase of HI was found both at low
external temperatures during morning investigations in accordance with
the decrease of HFT, and at rather high external temperatures during
subsequent evening investigations, when HFT indices increased to the
initial Level. That is to say, the reaction was based on "stress-syndrome"
principle.
The results show that the express-method of two-frequency
impedancemetry of the human hand is rather informative.
It is simple in
usage, ensures reliability and complete reproduction of results and may
be used in estimations of the structure-functional characteristics of
the human body surface under temperature influences on the human organism.
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QUANTITATIVE ESTIMATION OF COMPLEX ENVIRONMENTAL EFFECTS
ON THE HUMAN ORGANISM

V.A. Matyukhin and E.Yu. Kushnirenko
Institute of Physiology, Siberian Branch of the USSR Academy
of Medical Sciences, Movosibirsk, USSR

Introduction

The variety of climatic zones within the territory of the
USSR and the large translocations of people induced by socio-ecological
problems and recreation needs, make the problem of forecasting the
acclimatizational loads after translocations to new climatic conditions
quite important |1|.
It is worth mentioning that at present there exist
practically no quantitative indices which can be used for an evaluation
of integrated environmental effects and which take into account the
significance of translocations for inhabitants native of different
climatic zones.

This work presents a very simple mathematical model which will
permit a quantitative estimate of the requirements which the environment
impose on a human organism, and also the changes in these requirements
after translocation to new climatic conditions |4| .
The development of the applied model

Using a system approach |8| an inhabitant native of a given
climatic zone with his established physiological stereotype of indices
and functions of the organism will be considered as a system.
Climatic,
geophysical and some other environmental factors affecting directly the
state of this system are characterized by a set of parameters
(x^, ......... , xn).
It should be stressed that the function characterizes
the integral tool requirements which the environment imposes on the
human organism, but not a certain kind of its reaction.

For the parameters x^, ____ , xn the values xq^, ............ xQn
indicate the values when the environmental stress effects on the
organism are at a minimum (for example comfortable Living conditions for
parameters like temperature and air humidity).
Assuming, in the first approximation, that the relative change
of the function K(x., ........... x is proportional to the difference |x.—x .
1'
' n
' i
oi
hence

AK (x^, ...... xn)

K (x„,........... , x )
1Z
' n

Ax i. I*1 x 01.

(1)

Note that this dependence may be different for various parameters,
according to their physiological significance.
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The corresponding differential equation in partial derivatives
3K(x.,__ ,x )
------------------------ --= -^ . (X .
2>x.------------------------- ii
i

1
---- 77----------------- r—
K (x.,... , x )
1
n
where

oL

-

X . )
oi

is the coefficient of proportionality.

The solution of this equation gives:
K(x.,— ,x ) = G(x.,..,x )exp|-(x. - x . )^/2L?l
1
n
1
n
L
i
oi
iJ
where

G(x^,...,xn) is the function of the system response, which

depends on all parameters, excluding x.,
exp|-(x^ - x

2
2
) /2L^ |

is an exponential factor, representing the

dependence of K(x^,__ ,xn>on the parameter x^,
L. = 1/lQT

is a scale multiplier with a parameter dimension jx^|.

L. may be different if x.<x .
1

1

01

or

x.>x ..

1O1

The value L. determines
i

the scale of the probable deviations for parameter x., i.e. determines
the area of "normal" or "usual" climatic influence.
For n variables, the solution of the equation system given
under (2) for function K(x.,__ ,x ) will be:
1
n

K(xd,__ ,x ) =
1
n

| lexp I-(x - x ) /2L 1
1 1
L
m
om
mJ
m=1

(4)

multiparameter function K(x_,__ ,x ) from formula (4), taken as
1
n
geometric average of all n parameters, will be defined as the integral
load index HL. When x„ = x„.,...,x = x„ the HL value in this point
1
01
m
Om
is 1; this means that the response imposed on the system by the
environment is at a minimum.
Deviation of any parameter x. from its
value x . decreases the HL value and indicates that the
load of
the environment on the system is increased. The smaller the IIL value is
the greater is the environmental load on the system.

The

When the parameters x^,...,x deviate from their average numbers
with the mean square deviation values £
,__ ,6
the function
X4
X
i
n
K(x.,__ ,x ) has the deviation $K(x.,
,x ). The most probable values
1
n
1_____ ' n
4K(x^,__ ,x^) for each time point are calculated as a function error of
n independent variables. It is possible in this way to take into account
the most probable characteristics of the adaptation [6,7]
of inhabitants
native of a given region to the most frequently occurring values of
meteo-parameters in a given season.
For unusual or extremely rare values
at a given place of parameter x. HL becomes smaller than the value
K(x.,...,x ) - (5K(x.,...,x ). This leaves a so-called "interval" of
1
n
1'
n
probable HL values and indicates that the environment imposes unusual
requi rements.
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After translocation of inhabitants native of an examined
climatic zone to another one the values x^.z
,xo , and L.,
,L
01
On'
1'
' n
are preserved. The x.values in this case are parameter values at the
place of translocation. By this approach any climatic zone is considered
only from the point of view of inhabitants native of another climatic
zone.

A quantitative illustration of the modelling approach
The assumed mathematical model was tested for the calculation
of probable climatic load on normal human organisms.
The average monthly
values of six parameters, which affect human thermal state 19j , namely
temperature, absolute air humidity, wind speed, sun radiance, amplitudes
of average monthly temperature, amplitudes of average monthly humidity
values, were used as basic parameters.
IIL was calculated for all months
of the year by use of long-term mean values of the above meteo-parameters
for Novosibirsk (continental climate) and for Vladivostok [2, 3] (monsoon
climate). By use of the above-mentioned mean square deviations of all
parameters from their average values the probable dispersion of IIL was
also determined.
To establish the borderlines of the "external loads
zones", the following numerical IIL values were chosen:

1.

Zone of regional norm

0.882 <IIL

2.

Zone of common deviations

0.778

3.

Zone of functional tensions

0.606 <IIL < 0.778

4.

Zone of rare effects

0.378< IIL < 0.606

5.

Zone of extremely rare effects

IIL

IIL

1

0.882

0.378

Zones 1 and 2 include all the IIL values, corresponding both
to average values of meteo-parameters, and to values with deviation from
average value of + 2 x..
For a normal man climatic loacbwithin
0.778 < IILd are quite usual both with seasonal changes and after
translocation. Values within Zone 3 may occur either when seasonal
weather is extremely unusual (for native inhabitants) or after a trans
location to new climatic zones (for migrants).
In evaluating the
possibilities for translocation of people to such climatic conditions,
where the estimated IIL values belong to Zone 4, significant functional
tension in newcomers must be foreseen. Staying in those climatic
conditions which correspond to IIL values, smaller than 0.378 (Zone 5) even in the case of completely healthy people - should be limited in
time and special medical control is needed.
Figure 1 shows the "interval"
of the IIL values for Novosibirsk.
If IIL values are within the limits
of the "interval", native inhabitants will endure all meteo-parameters in
a given season without extreme tensions on the compensative mechanisms.
The IIL results for Novosibirsk correspond well with the medicobiological concepts about which requirements a continental climate imposes
on the compensâtive mechanisms:
IIL values reach winter values in November;
IIL values in April do not significantly differ from March because of the
existence of large temperature changes;
the summer period of Large IIL
values is rather short.
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Figure 1 demonstrates also IIL values for inhabitants native of
Novosibirsk after translocation to Vladivostok.
It is evident that in
July and August obtained values of IIL calculated on the basis of the
migrant's state are quite untypical of him for this season of the year.
Moreover there are interesting peculiarities with those winter periods
in Vladivostok, when in spite of higher monthly air temperature and sunny
days, the migrant has the same IIL value as at his native place during
severe continental winters |6, 2|.

Average values of temperatures for many years, if used for IIL
calculations, may smoothen real weather conditions in examined regions;
nevertheless the model permits estimating the loads both when Living
constantly in a certain climate zone and after translocation |5|.
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Figure 1 - The "interval" IIL for native inhabitants of the
regions with continental climate (curve 1);
the calculated
values of IIL for the migrant who arrived at far-eastern
monsoon climate from a continental climate region (curve 2).

THE INFLUENCE OF WEATHER ON MEASLES AND PNEUMONIA IN NAIROBI

J.K. Nganga and G.K. Ngugi
Meteorology Department
University of Nairobi, Kenya

INTRODUCTION
The study of the relationship between various diseases and met
eorological
elements has been carried out since early times.
A reasonably
good relationship has been found indicating that, to a certain extent, some
diseases get worse in certain types of weather (Osterman et. al 1981,
Derrick 1965, Tromp 1963).

Two of
the most
common diseases
in children are measles and
pneumonia.
These are worldwide epidemic diseases and have been found to be
subject to fluctuations and seasonal variations in incidences.
Most of the
studies have been carried out in temperate zones.
Nairobi is located at 1°S and 40°E at an altitude of 1.6 km above the
mean sea level.
Nairobi, as in the rest of the East African region, is under
the South Easterly Trades during the Northern Summer and the North Easterly
Trades during the Northern Winter.
There are two distinct rainfall seasons,
one centred around April and the other around November following the movement
of the Inter-Tropical Convergence Zone (ITCZ).
In between the rainy seasons,
there is a hot dry period between December and March and a period of cool and
stable air mass associated with the Northward extension of the southern high
pressure
ridge
from June
to September.
This situation
results
in' a
considerable amount of low clouds during that period.

METHODOLOGY
Daily hospital records over a two-year period for patients suffering
from measles and pneumonia were obtained from the Kenyatta National Hospital.
Daily
Dry
Bulb
temperature,
sunshine
hours,
relative
humidity,
mean
temperature and rainfall amount were collected from a nearby meteorological
station over the same period.

To determine the influence of each meteorological parameter on the
diseases, correlation analysis (r) was determined from the monthly mean values.

I x y
VÏ X2xy2

where x is the mean of the x variable, y is the mean of the y variable. In
this case, x is the meteorological parameter while y is the number of patients.
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To determine how long it takes for a change of weather to have an
effect On the health of the patients, averages of the meteorological
parameters for the days prior to the actual day on which the patient reported
for hospital consultations were calculated and their correlation coefficient
determined.
RESULTS AND DISCUSSION

Figures 1 and 2 show the monthly total number of patients with measles
and pneumonia who visited the National hospital. Most of the patients were
seen during the period May to September, the cold months. The number of
patients who reported during the dry period, December to February, was very
low.
The correlation coefficients between the meteorological elements
considered and the number of patients are shown in Tables 1 and 2. There is a
negative correlation with the sunshine hours, Dry Bulb temperature and the
mean temperature and a positive correlation with the relative humidity and the
amount of rain. The averages for groups of days with lag are shown in Tables
3 and 4.
From the results, measles and pneumonia appear to be more common in
the cold months. During this period, Nairobi has a low temperature, low
sunshine hours (due to cloudy conditions), and high relative humidity and
rainfall. Two explanations can be given for this. Firstly, that the
organisms associated with the diseases are able to thrive at low
temperatures.
Secondly, during the cold season children stay more indoors and
close together and, hence, there is a greater probability of infection.

Most of the patients who visit the National Hospital are in the lower
income group which are subject to overcrowding, poor nutrition and other
health-related problems.
Their children, are usually lightly dressed and hence
stand a high chance of infection. The results compare well with a study
carried out earlier in Nairobi on the effect of meteorological parameter on
asthma (Fleisher and Asnani, 1978) in which the cold season was found to have
more asthmatic patients.

Table 1: CORRELATION COEFFICIENTS BETWEEN SOME METEOROLOGICAL
PARAMETERS AND THE NUMBER OF MEASLES PATIENTS

1979
1980

Sunshine
Hours

Dry Bulb
Temp.

Mean
Temp.

Relative
Humidity

Amount
of Rain

-0.14
-0.55

-0.87
-0.43

-0.05
-0.55

0.20
0.41

0.23
0.31

Table 2: CORRELATION COEFFICIENTS BETWEEN SOME METEOROLOGICAL
PARAMETERS AND THE NUMBER OF PNEUMONIA PATIENTS

1979
1980

Sunshine
Hours

Dry Bulb
Temp.

Mean
Temp.

Relative
Humidity

Amount
of Rain

-0.11
-0.21

-0.40
-0.36

-0.15
-0.34

0.30
0.40

0.14
0.55
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Table 3: CORRELATION COEFFICIENTS WITH 9-12 DAYS LAG FOR MEASLES

Dry Bulb Temp.
Relative Humidity
Sunshine Hours
Amount of Rain

9D

10D

IIP

12D

-0.31
0.20
-0.40
0.30

-0.21
0.25
-0.32
0.24

-0.30
0.30
-0.25
0.26

-0.26
0.20
-0.35
0.24

Table 4: CORRELATION COEFFICIENTS WITH 7-9 DAYS LAG FOR PNEUMONIA

Dry Bulb Temp.
Relative Humidity
Sunshine Hours
Amount of Rain

7D

8D

9D

-0.23
-0.24
-0.32
-0.22

-0.29
-0.28
0.35
-0.14

0.35
-0.33
0.28
-0.20
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FIG. 1 TOTAL MONTHLY NUMBER OF MEASLES PATIENTS

Total Number of Patients

FIG, 2 TOTAL MONTHLY NUMBER OF PNEUMONIA PATIENTS

Months of the year

INFLUENCE OF TEMPERATURE AND HUMIDITY
CONDITIONS ON THE BODIES OF VIETNAMESE PEOPLE
Nong Thi Loc
Hydrometeorological Service
Hanoi, Vietnam

ABSTRACT

In this paper, the author uses some biological indices to study
the degree of climatic adaptability of Vietnamese people.

The author presents data proving that the climatic adaptability
of Vietnamese differ from each other in regions which have different
temperature and humidity conditions.

Furthermore, a preliminary analysis is given of the relation
ship between temperature and humidity conditions and some diseases in
different seasons.

SEASONAL FLUCTUATIONS OF METEOROPATHOLOGICAL ATMOSPHERIC
INFLUENCES CAUSED BY DIFFERENT LEVELS OF SUN ACTIVITY

I.V. Butjeva, T.G. Shveynova, S.S. Devyatova
Central Scientific Research Institute of Health
Resort and Physical Therapy, Moscow, USSR

Introduction

There have been a great number of scientific investigations,
conferences and symposia devoted to the studies of heliogeophysical
processes. Nevertheless, the problems of the character, periodicity
and physical mechanisms of these phenomena as well as their correla
tions with human health have not yet been solved.
Our investigation is the first one based on an integrated
effect on man of the meteopathologicaL atmospheric elements caused by
the combined influence of meteorological processes and weather condi
tions related to the dynamics of geomagnetic disturbances.

Four types of meteoropathologicaL atmospheric influences,
determined according to data from Moscow, were considered:
spastic,
hypoxic, mixed and indifferent (Ovcharova, Butjeva, 1982). The class
ification was based on the following main criteria:
isobaric field
characteristics of atmospheric fronts, degree of deviation from the
daily variation of the main meteorological elements and the discomfort
level of the hygrothermal conditions (Butjeva et.al., 1984).
The spastic effect is caused by the separate and combined
influence of the atmospheric cold front, high pressure, low temperature
and wind velocity.
The hypoxic effect is caused by the influence of
the atmospheric warm fronts, low pressure, high temperature and humid
air. The degree of meteoropathological atmospheric influence (weak,
strong and moderate) is determined also by the dependence on the level
of standard deviation of meteorological elements from the mean value.
Great importance in this respect is given to changes in the atmospheric
electric field (Butjeva, Ovcharova, 1980).
Various indifferent conditions are also created by immigratory
cyclones, small gradient isobaric fields or anticyclones which are not
followed by considerable deviation of the main meteorological factors
from the climatic norm.
Usually these conditions do not cause meteoropathological reaction in man.

The formation of spastic atmospheric influences contribute to
the frequent development in man and in different localities of spastic
reactions which are related to such kinds of illness that lead to bad
sleep.

Hypoxic atmospheric conditions lead to a decrease in arterial
blood oxygen saturation and oxygen consumption and may cause weakness,
sleepiness, dyspnea (Ovcharova, Butjeva, 1982).
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Analysis of the high sun activity years 1976 to 1984
The years of the high sun activity from 1976 to 1984 were
chosen for analysis.
During these years weak tendencies for increase
in spastic and decrease of hypoxic atmospheric influence were revealed.
At the same time, it was hardly possible to speak about a static, one
way directed change of different meteopathological influences during
the period considered. All this agrees with facts presented by a number
of authors, according to A. Pittok (1982) who, having analysed a great
number of sources, states:
"There is little or no convincing statistical
evidence of the existence or practical use of any correlation between
sunspots and weather conditions".
The data which we have obtained show a more definite existence
of inter-annual and inter-seasonal influences of meteoropathological
phenomena. The structure of the bioclimatic conditions during the three
seasons considered have shown 1-2 summer cycles which are independent of
the sun's activity level but evidently caused by changes of the general
circulation process and other weather conditions. The same cycles were
characteristic of the frequency of the formation of geomagnetic distur
bances at the same time as, for example, the relative number of sunspots,
which is one indication, of the sun's activity, shows a regular shift from
minimum to maximum (from 1976 to 1979-1981) and then a constant decrease.
During the winter as well as in the spring months an opposite
phase change of repeated spastic and hypoxic atmospheric influence was
noted. This was evidently caused by the great similarity of the main
meteorological processes of the two seasons.
The fluctuations in
frequency of the formation of indifferent weather types resemble those
of the main parameters of the spastic type formation, but in spring there
are greater inter-annual changes than in winter. During the spring
season other weather types have shorter inter-annual cycles and higher
frequency of amplitudes connected with considerable changes of the meteo
rological regime.
Extreme repetition of the spastic atmospheric influence
was discovered during the same years, i.e. maxima in 1979 and 1982;
minima in 1977, 1981 and 1983.

Periods of minimal spastic and maximal hypoxic atmospheric
influence coincide with periods of maximal frequency .of meridianal circu
lation and with minimal frequency of zonal circulation (see Table 1).

TABLE 1
Fluctuations of Atmospheric Circulation

years

1976

1977

1978

1979

1980

1981

1982

1983

zonal circulation

185

146

191

180

181

152

186

188

meridional
ci rculat i on

184

219

174

175

185

203

179

257
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In summer two year cycles with smoother changes of phases than
in other periods predominated.
In 1981 a greater (20%) decrease of
spastic atmospheric influence on man and a maximal peak of hypoxic type
frequency was noted.
During this period hygrothermal discomfort condi
tions occurred frequently (sultriness and overheating). They
developed mainly in the area of the low gradient isobaric fields on the
outskirts of the anticyclones.
In 1982 a maximal sun activity character
ized by high number of sunspots, decrease of the number of days with
zonal circulation and increase of the number of days with meridianal
circulation was noted.
More marked heliogeophysical processes are found in the autumn.
The amplitude of the frequency of geomagnetic disturbances is maximal in
this season (20% in comparison with 14 in summer and 8-12% in winter and
spring). Thus our investigation has shown that main attention should be
given to the inter-annual and inter-seasonal variation of heliogeo
physical factors when we want to determine the level of meteopathologicaI
atmospheric influence.
This is important particularly for developing
methods for forecasting health improvement of population and negative
climatic influence prophylaxis.
In this case the influence of solar
activity processes is less clear.
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BIOPHYSICAL ASPECTS OF HUMAN ADAPTATION IN THE FAR NORTH
N.R. Deryapa, A.F. Trofimov
Institute of Clinical and Experimental Medicine, Siberian
Branch of the USSR Academy of Medical Sciences
Novosibirsk, USSR

Introduction

The theoretical heritage of the Russian natural scientists
V.I. Vernadsky (1960) and A.L. Chizhevsky (1976) is the source of numerous
studies in the field of human bioclimatology.
Special attention is
devoted to the biotropic effects of magnetic fields whose existence can
be considered to be proven in principle. More and more emphasis is given
to studies of the ecological aspects of electromagnetic fields (EMF) as
an important component of climate. This is a significant problem within
a new, rapidly developing, interdisciplinary science called cosmic anthro
poecology.
It involves the assessment of the characteristics of the
response of the human organism to natural physical factors in different
climatogeographical regions and forms a basis for our understanding of
human adaptation in regions of the Earth with extreme geographical condi
tions including the Far North (V.P. Kaznacheev, 1980; N.R. Deryapa et.al.,
1980; A.P. Avtsyn et.al., 1985, etc.).
As it is known that effects of the biotropic action of the EMF,
to a large extent, depend on amplitude, frequency, polarization and other
field parameters (B.M. Vladimirsky, 1984), it was assumed that highlatitude variations of the amplitude-spectral characteristics of EMF in
the Polar Regions would be useful to demonstrate the vital activitiy of
the human organism. Hence, the Laboratory of Helioclimatopathology has
performed synchronous observations of healthy persons and arterial hyper
tensive patients (a total of 252) with the purpose of studying the parti
culars of magnetoreactivity in man living in the Far North.

Changes in arterial pressure in response to magnetic load in the Far North
The investigations were carried out during the 1985 polar day a period of minimal solar activity - in places situated in higher latitudes
than 73 North, i.e. in the area of the auroral oval.
The basic method used was that of "graduated magnetic loads"
developed in the Laboratory of Helioclimatopathology, Institute of Clinical
and Experimental Medicine, Siberian Branch of the USSR Academy of Medical
Sciences (N.R. Deryapa, A.V. Trofimov, V.E. Razin, 1982).
The degree of changes in the physiological parameters of the test
subjects in response to magnetic load proved to be dependent on their
length of service in the polar region. This dependence is clearly shown
for systolic arterial pressure (Fig. 1).

During the first months of residence in the Far North, systolic
arterial pressure (AP) decreased by an average of 2.7+1.5 mm Hg for each
degree of magnetic load.
In subjects with 5 to 10 years of polar service
this decrease in AP was 8.4+1.7 mm Hg.
In case of longer polar service
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(10 to 20 years), the average decrease in AP was 4.2+2.0 mm Hg, but
only 0.3+1.9 mm Hg when the service exceeded 20 years.
In subjects with 10-year polar service, hypertensive responses
(increased AP) to degrees of magnetic Load were twice as strong as in
subjects whose polar service was less than one year.

The manifestation rate of magnetoreactivity also proved
to be related to polar service.
In subjects with less than one-year
residence in the polar regions, changes in systolic AP at the end of
a magnetic load period occurred four times as frequently as in those
with longer polar service. The AP level in subjects with short-term
(i.e. less than one year) adaptation to the Far North conditions was
slow to be restored to normal as compared to similar findings in
Long-time residents under similar conditions.
Changes in electric conductivity

No significant changes in electrical conductivity at the Left
side points have been revealed, but at the reflexotherapy points on
the right side a certain relationship to the Length of polar service
was traced.
For instance, in a group of subjects having a Length of
polar service of up to 2 months, the vector value of variations in
electrical parameters at point C-9 was an average of - O.O5+O.O5 /*A,
and in subjects with 3 to 5-year residence in the Far North it was
+0.77+0.32 ,uA (P<0.05). This index was significantly different from
values on record of a group of subjects with more than 20-year polar
residence, where it was - 0.34+0.20 yu-A (Pc 0.01).
A certain effect on the dynamics of magnetoreactivity
was found in residents of the polar regions caused by the state of the
Earth’s magnetosphere.
In particular, the tolerance to physical exercise
changed (Figure 3).
Changes in pulse rate

Certain trends have been found also for the pulse rate.
After
the first year of residence in the Far North, bradycardia prevailed
in response to magnetic Load. With Longer polar service, however, the
direction of the responses of the organism changed. Thus, an increase
in heart rate in response to magnetic Load prevailed in subjects with
a residential period of 2 to 10 years. After 10 years, on the contrary,
a decrease in pulse rate was noted as compared with the initial values
before magnetic Load.
Changes related to the length of polar service
(Figure 2) also have been found in electrophysiological parameters at
refLexotherapy points.
The pulse rate in healthy subjects on step ergometry performed
during a magnetic storm was 135+5,0 beats per minute.
It turned out to
be considerably higher than in the same subjects on graduated physical
exercise during a quiet period of the magnetosphere when this index was
only 114+4.8 beats per minute (P<0.01).
The examination of arterial hypertensive patients brought out
some peculiarities of magnetoreactivity.
A tendency to bradycardia
was revealed on exposure to various degrees of magnetic Loads;
reciprocal hypertension responses, i.e. increases in AP, became more
frequent in tests after a magnetic storm.
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Conclusions
Thus, the effects of the heliogeophysical factors of the Far
North on the formation of magnetoreactivity were brought out both
in healthy persons and in patients with arterial hypertension.
From
our standpoint, the geomagnetic field in the polar regions may be
considered an ecological prerequisite and a risk factor for the aggrava
tion of chronic diseases among population which may show up in the form
of meteoropathic reactions and magnetoreactivity.

To a certain degree, the findings can be explained with the
conception of "polar stress syndrome" (V.P. Kaznacheev, 1980), electro
magnetic homeostasis and heliogeophysical imprinting (V.P. Kaznacheev
et.al, 1985). These indications require further investigations.
However,
even at present it is evidently necessary to select persons for service
in the Far North in terms of their magnetic sensitivity. It is also
desirable to establish a system for prophylactic medical examination and
to carry out treatment- and prophylactic activities among magneto- and
weather-sensitive contingents in the light of forecasts about helio
geophysical and weather conditions (T.I. Andronova et.al., 1982).
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1 • Degree of a reduction in systolic arterial pressure on
test exposure to magnetic field versus length of polar

service

1 - up to 1 year (n - 34); 2 - 1-3 years (n - 31); 3 - 3-5 years
(n « 31); 4 - 5-10 years (n - 32); 5 - 10-20 years (n - 33);

6 - over 20 years (n - 32). P,

, , £<0.01

1, 3-4-6
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Fig. 2. Degree of a change in the electrical conductivity (ai J)
of refl exotherapy points (C-9 on the right) on test expo

sure to magnetic field versus length of polar service

1 - up to 1 year (n - 34); 2 - 1-3 years (n - 31); 3 - 3-5 years
(n • 31); 4 - 5-10 years (n • 32); 5 - 10-20 years (n - 33);
6 - over 20 years (n - 32). P, <<0.01. P.

K <<0.05
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Fig. 3. Number of pulse beats (per minute) in healthy human sub

jects (n - 23) on perfonning a step test under the con
ditions of quiet (I) and disturbed (II) Earth magneto

sphere
△ I - changes in the total vector of geomagnetic field.

PI-II< °
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SOME PROBLEMS OF THE RATIONAL USE OF
HEALTH RESORT-CLIMATIC RESOURCES OF THE ARMENIAN SSR

J.A. Stepanian
Armenian Scientific-Research Institute of
Spa Treatment and Physiotherapy
Erevan, USSR

Introduction

The Armenian SSR is a mountainous land, the surface of which
is a combination of folded mountain ridges and separate volcanic form
ations.
There are no lowlands in Armenia. The average absolute altitude
of the Republic is 1800m.
About 90% of the territory lies more than
1000m above sea level. The Armenian SSR has many highly valuable
recreational resort areas. About 350 groups of mineral springs with
diverse physico-chemical properties have been found in its territory.
The Republic has been divided into ten health improvement zones, of which
we have studied:
the Yerevan hollow zone, the Marmaric-Hankavan zone,
Aragats, Bzhni-Aghveran, Sevan, Lori-Gugark, Zangezur and Shirak zones.
The Marmarik-Hankavan, Bzhni-Aghveran, Lori-Gugark resorts are situated
in picturesque gorge-river basins of the Republic.
Forest landscape,
clear air enriched with oxygen and light ions, presence of large resources
of thermal mineral waters combined with splendidly favourable landscape
and climatic conditions permit these regions to be classified as rare,
unique corners for treatment and rest of workers.
The physico-geographicaI Location, with a complex mountainous
relief covering the whole area of the Republic, creates a great variety
of weather and climate conditions as well as of seasonal climatic regimes
which are discussed below.

Climatic regimes of the Armenian SSR

Over the entire territory of the Armenian SSR, summer is the
most favourable season of the year for an effective use of the climatic
factor for curative purpose.
The resort regions differ particularly in
the energy resources from the Sun.
Hours of sunshine fluctuate from
2 779 in the Sevan basin to 2 011 in Kirovakan with high UV (ultraviolet)
radiation and strong biological activity. Weather conditions in summer
are characterized mainly by their dependence on the extension of flat
lands and the circulation of the atmosphere against a high temperature
background.
This implies the formation of very hot, very dry and also
hot-dry weather reaching its maximum in the Ararat Valley (25 days a
month). With an increase of the altitude of the site, a decrease and in
some regions, even an absence of very hot and very dry weather may be
observed.
Summer weather conditions in the Yerevan "hollow" are special
as regards high temperature conditions, the duration of "hot" days in
June-August being 78-90%, i.e., 24-27 days.
During that season and in
connection with the great impact of high temperature and absolute
humidity of the air, a decrease is observed in the partial density of
oxygen.
Uncomfortable conditions may thus be created for work, rest and
treatment of workers.
In such cases, healthy persons as well as those
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with ill-health feel an insufficiency of oxygen, which may arouse
intensification of hidden hypo-oxygen phenomena in the organism
bringing about a whole series of unhealthy symptoms called meteopathic.
Bioclimate of the Ararat valley in summer

The greater part of the population in the Armenian SSR lives
in the Ararat valley and more than a million live in the capital.
In
view of uncomfortable hygrothermal conditions in summer, residents of
the Ararat valley and Yerevan, in particular, are frequently compelled
to seek protection from possible overheating of the organism.
This
fact demands that both healthy and not so healthy people must leave
for health resort regions where there are more reasonable weather condi
tions.
Summer weather regimes in semi-mountain (more than 1500m above
sea level) and high-mountain (up to 2000m) resort sites differ favour
ably from conditions in the Ararat valley. With an increase in altitude
of the site, a decrease of very hot and dry weather is observed.
In
those regions summer weather regime is characterized by comparatively
optimal hygrothermal conditions.

The Yerevan region in summer
Leaving the Ararat valley for other regions of Armenia, acclima
tization conditions of man in summer differ from those in spring and are
mainly due to the absence of sharp changes in weather.
During the accli
matization period in summer, the weather conditions require the mainte
nance of a definite sanatorium regime.
It is expedient to organize
starting on wàlks and excursions during early morning hours, when the
hygrothermal conditions in Yerevan differ only slightly from those at any
site chosen for rest.
It is recommended that the return be made at the
end of the day when mountains winds rise in Yerevan and the day's heat
dies down.

In Yerevan the period with significantly comfortable conditions
for climatic treatment is quite long during the whole summer.
Due to
the decrease of comfortable conditions during midday hours, an extension
of the overheating zone appears, especially during heliotherapy.
It
follows that during midday hours in Yerevan, there are sometimes un
comfortable heat sensation conditions and the danger of hyperinsolation
of the organism increases.
In order to avoid such conditions, it is
recommended that air and sunbaths be ordinated during morning hours and
at ventilated places.
It is expedient to apply the impulsive method
with rotary tents in heliotherapy.
Impulsive sunbaths by reducing the
number of meteotropic reactions preserve the curative effect and allow
for the arrangement of climatic treatment also during midday hours
when the Sun's spectrum is rich in biologically active ultra-violet
rays.
For this purpose the use of specially constructed equipment,
ensuring a partially ventilated aerarium and artificial cooling of the
sanatorium and residential quarters as well as surroundings Localities
is recommended. Thus, the necessity arises for the isolation of
residents from direct sunrays and from the heat of the exterior air and
also for the use of certain means to soften the microclimate of the
locality: protective means on windows, the wearing of fresh light
clothing, Light footwear, etc.
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In contrast to conditions in Yerevan, climatic-curative measures
are assigned with certain limitations in other resorts. A comfortable
heat-sensation may be reduced due to the presence of winds; however,
through the breaking of the wind force, the duraction of a comfortable ET
increases.
To extend the period of climatic treatment in even higher
regions, the use of corrective means to decrease the cooling influence of
wind should be considered.
For this purpose measures are being taken to
plant forest-preservation belts on the Areguni shore of Lake Sevan and on
the Shirak plateau.

The winter climate

A large portion of the territory of the Republic is characterized
by having comparatively long winters, with low position of the Sun, some
times intrusion of Arctic air masses and transformation processes in the
Middle-Arax maximum conditions.
In winter in all regions studied except
Yerevan, more than half of the days in January are dominated by moderately
frosty weather. The anticyclonic weather regime after an intrusion of
the Arctic air mass, strengthens the formation of rather frosty weather,
which differs from those under calm conditions.
During frontal situations
in the semi-mountain and high mountain health resort regions, heavy snow
fall may occur together with the formation of a stable snow cover.
Charac
teristic features of winter weather are also the absence of severe frosts
and a rather small percent of frosty weather in spite of the rather high
locality. Sunny moderately frosty weather dominates.

It is worth noting that in semi-mountain and high-mountain
regions, the sunshine duration during cloudy weather is 4-6 hours less
than during sunny weather. This regularity is not observed in Yerevan
where this difference is all in all only one hour.
Dispersion of radia
tion decreases during sunny and moderately frosty weather while, during
cloudy weather, it increases considerably particularly in the Shirak
region and the Sevan basin. This regularity is upset only in the capital
of the Republic where there are almost no differences in radiation disper
sion in sunny and cloudy weather. This promotes to some degree inversional
cloudiness and air pollution in Yerevan, reducing the duration of sunny
radiance even on sunny days.
The problem of air pollution
In recent years the capital of the Armenian SSR has grown consider
ably;
it has become one of the most important cultural and economic
centers of the Soviet Union.
At the same time, it is a source of heavy
industrial and transportation pollution, throwing into the atmosphere a
tremendous quantity of industrial and communal waste products.
Automobile
transportation, as well as compactness of buildings and population in the
city bring about unfavourable hygienic conditions for the surrounding air.
All these factors are favoured by the physio-geographical position, i.e.,
the hollowness of the Ararat valley in combination with the dominating anti
cyclonic synoptic situations with calm weather and poor ventilation of the
capital.
In regions of higher altitude the number of sunny days increases
as well as the transparency of the air and the intensiveness of sun radia
tion. These facts further dictate the needs of the population for week-end
trips for a short rest to regions with significantly optimal natural
climatic conditions.
It is also recommended that in Sevan complex winter
climatic treatment include climatic-prophylactic measures. On the basis
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of the rich natural-curative resources, preparatory work has been
accomplished in the Sevan basin for successful organization of Large
sanatoria, as areas for the rest of a Large population.

In the valley of Marmarik River and the Stepanavan region
the presence of wide forest belts and mountain meadows creates
excellent conditions for successful and rational acclimatization.

PHYSIOLOGICAL ANALYSIS OF MAN'S ADAPTATION
TO ARID ZONE CLIMATIC CONDITIONS
N.D. Muradova, G.A. Tupikova
The TSSR Academy of Sciences Institute of
Physiology and Pathology of Arid Zone, Ashkhabad, USSR

Introduction

A number of scientific questions related to arid zone climate
are of importance in Turkmenistan, the largest part of its territory
being occupied with deserts and semi-deserts. The most important
questions are those connected with man's life and activity in arid zone
conditions. Adaptation of man to the extreme climates of a given region
is being developed mainly in relation to such stress factors as high
temperature, sharp seasonal and daily extremes of other meteorological
factors, as well as high intensity of solar radiation. However, adaptogenesis also takes place against the background of a number of climatic
and social conditions which have their impact on the dynamics and
character of adaptive change.
Various experimental data and practical observations show that in
arid zone conditions there may occur strong physiological, physiochemical,
biochemical and structural shifts in the organisms of men and animals.
Moreover, the mechanisms of convective heat transfer undergo very high
tension aimed at increasing the heat excretion from the organism which
leads to functional reconstruction of the cardiovascular system, breathing
metabolism, water and salt exchange, endocrene glands activities, etc.
(F.F. Sultanov, 1978, 1982; A.Kh. Babaeva et al., 1979; A.Yu. Tilis,
M.M. Mirrakhimov, 1980).
Under the influence of arid zone factors it
cannot be avoided that the above shifts of the organism's physiological
systems reflect upon the immune reactivity.

Up to now there is no information in the literature about the
influence of the arid zone factors on immune reactivity of an organism
in process of adaptation.

Immune reactivity in process of adaptation to arid zone conditions
The task was therefore set up to establish the complex character
istics of the status of the humoral link with man's natural immunity in
the course of a two-year adaptation to arid zone conditions. Besides,
some indices of the organisms functional state were studied (i.e., thermal
state, level of efficiency, erythroc te osmotic resistances, morbidity).
On the basis of the data obtained we propose to estimate the degree of
information obtained from the separate indices studied in order to detei—
mine the risk zone of a healthy man in his process of adaptation to arid
zone conditions in Turkmenistan.
480 healthy men aged of 18 to 25 were subjected to a study where
the organized contingent membership was represented by two groups:
1. newcomers - natives of European and Asian parts of the Soviet Union 300 men;
2.
local people - natives of the Republic (Turkmen) - 180
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men. The group of newcomers was divided into two subgroups depending
on the arrival season: the first half of the newcomers arrived at
the end of November, i.e. at the beginning of winter; the second half
at the beginning of the hot summer. Observations were conducted of
the dynamics of adaptation during two years: on the first day after
arrival, after 15 to 20 days, 30 to 40 days as well as after 3, 6, 12,
18, 24 months of stay in the arid zone.
As a result of the study it was clarified that the functional
state indices, as factors of natural immunity, are quite clearly of a
seasonal character inherent to both residents of the republic and to
newly arrived contingent. This seasonal character is typical especially
within the local population.

The results obtained showed a significant role of the season of
arrival of non-adapted people in the arid zone. To arrive in winter and
autumn is most favourable to accelerate the adaptation to conditions of
the arid zone. Thus, the length of the period of adaptation decreases
greatly and morbidity is lower than with spring and summer arrival.
However, efficiency does not change and the dynamics of natural immune
humoral factors is similar to that of the Local population.

Seasonality of adaptation to arid zone conditions
A comparative analysis of the obtained results according to
the season of arrival revealed that the duration of the changes of the
organism's functional state - i.e. the indices of immunity humoral link
of people who arrived in Turkmenistan - was 3 to 6 months during the
course of the spring and summer period of the year. Three adaptation
periods could be traced in these months. The first period, of 1 month's
duration, is characterized by high morbidity and fatigue, decrease
of efficiency, tension of the heat transfer mechanism, accumulation of
heat in the organism, increase of the Load on the cardiovascular
system and its functional tension, as well as manifestations of
overheating. The second period, developing after the second month of
the stay in the arid zone, characterized by a gradual minimization of
indices until after three months of stay, the functional tension of the
organism's homeostatic systems, however, keeping at a lower level of
efficiency.
The third period of adaptation, developing after 6 months
of stay, characterized by stabilization and development of seasonal bioryth indices typical of residents permanently residing in the arid zone.
Comparison with adaptation in the North

By comparing the above dynamic picture of indices obtained
through studies of the process of adaptation with changes observed in
an analogous situation in the North (Taimyr), one can note certain similar
features. The characteristics of the first two phases of the adaptation
process in the first and the second case practically coincide. Both in
the adaptation to a transpolar region, and in adaptation to the arid zone,
one observed during the first month peak-like changes of indices with
subsequent minimization of them after 3 to 6 months. However, the analogy
stops here.
In the regions of the North this process continues further
over 12 months and more, while in the arid zone conditions after 6 months
in fact a relative stabilization of indices occurs. Another significant
difference consists according to data obtained from N.V. Vasil'ev,
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T.I. Kolyada (1979) in the fact that the dynamics of the adaptation
process, judging from natural immunity factors and morbidity, does not
depend strongly on the time of arrival of the contingent in the trans
polar region.
In the arid zone this dependence was clearly expressed,
and this proves that the key factor influencing the state of the
organism's physiological systems in such conditions, is high summer
temperature.

Conelusions
Thus, the results of our study allowed us to single out important
phases of the adaptation of man and to scientifically establish the
optimum periods for people's moving from other climatic regions to the
arid zone. They may also serve as a basis for developing measures for
a rational distribution of industrial activities according to the seasons
of the year when adaptation may be alleviated and accelerated.
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CHANGES IN VIABILITY OF THE HUMAN KIDNEY CELLULAR MONOLAYER
UNDER INFLUENCE OF HELIOGEOPHYSICAL FACTORS IN MOVEMENT
OVER LATITUDES

L.P. Mikhailova, M.P. Ivanova, N.I. Kharina,
I.B. Vladimirsky, I.L. Solontsov
Institute of Clinical and Experimental Medicine
Siberian Department of Acad. Med. Sci., Novosibirsk, USSR

Introduction

The magnetic field of the Earth as an ecological factor has
drawn the attention of many scientists, and many data pointing to an
important role of heliocosmosphysical, geographical and meteorological
factors and to their influence on the biosphere of the Earth have been
collected (Chizhevsky (1983)).
Until now, all aspects of the reaction
of living cells to the atmospheric factors are far from having been
studied completely, and available information about the effect of helio
geophysical factors on the vitality of cells is not sufficient. Such
data may have great theoretical and applied importance, since they may
contribute to our understanding of the evolutionary adaptation of
terrestrial organisms to the influence of these factors.
They will also
help us to get an insight into changes of the physiological functions
involved in the development of pathological processes. The latter,
according to the opinion of Orbeli (1961), is a reverberation of the
evolution with a return to those functional relationships which were
characteristic of its earlier stages.

Experiments to-study the vitality of the growth of a cellular monolayer
The aim of the present study was to investigate the vitality
and characteristics of the growth of a cellular monolayer of a trans
plantable culture of the human embrionic kidney cells. The manifesta
tion of remote cellular interactions (RCI) under high latitude conditions
and the influence of heliogeographical factors were also to be studied.
The experiment was carried out on a transplantable cell line RH (human
ambrionic kidney) synchronously in Novosibirsk and Norilsk during a polar
night. The experimental conditions were strictly standardized (media,
glassware and cell culture). Totally, three series of experiments with
200 flasks in each, were performed during different periods of the polar
night. The obtained data were then treated statistically.

Taking into account the very special situation of Norilsk (69°
Lat., unusual structure of electromagnetic field, the closeness of the
magnetic pole, etc.), we were especially interested in the biophysical
effects as the electromagnetic environment changes noticeably during
the transition from a polar night to the polar day.
For some years, investigators have been comparing different
biological, physico-chemical and geophysical processes going on in
different regions of the Earth.
It has been found that many of these
processes are synchronous and synphasic. The synchronism is also mani
fested in sharp simultaneous changes of many biological phenomena. At
the same time, the oscillations of many biological processes are synphasic
throughout a season, a year, and several years. We studied the following
variables: 1)
Sp, density of monolayer growth; 2) MA, mitotic
activity in %.
Examinations were performed 6, 12, 24, 48, 72, 96, 120,
144 and 168 hrs after incubation.
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In the first series of experiments made on February 5, 1976
it was found that in Norilsk the monolayer cells spread on the glass
poorly;
however, after 48-96 hrs the monolayer growth density improved,
and the growth reached a plateau after 60 hrs;
nevertheless, by the
end the monolayer died.
In Novosibirsk, the monolayer survived for more
than 9 days.
A peak of mitotic activity was found after 24 hrs both in
Norilsk and Novosibirsk; however, in the former place it was 2.5 times
stronger than in the latter.
During the 2nd series, on February 15,
1976 no considerable differences in growth density were found between
the two places.
In the 3rd series which started on December 16, 1976,
Like in the 1st one, the Norilsk monolayer was found to grow better in
all respects:
the growth density was twice as high as in Novosibirsk,
the peak of mitotic activity occurred after 48 hrs and was three times
higher. There appeared many pyknotic cells, and by the end of the 6th
day the monolayer died.
In Novosibirsk it was viable again for more
than 9 days.
Taking into account the statistical significance of the
data obtained, we suppose that the differences of the results of the
three series depended not on the "intrinsic" conditions of the experi
ments, but on the influence of environmental factors, of which the most
important ones were the electromagnetic field of Earth (EEF) and some
other geophysical factors.
Comparison with the interplanetary magnetic field

The obtained results of the experiments were also compared
with data on the K-index, the planetary index (Ap) and with the signs
of the sectors of the interplanetary magnetic field obtained in the
observatories of Norilsk and Novosibirsk.
It was found that
during the 1st experiment the geophysical conditions in Norilsk were
characterized by high magnetic activity. The beginning of the first
experiment coincided with a magnetic storm of high intensity, which
corresponded to a K-index of 8-9 scores (the K-index for 24 hrs was
36 scores). The active period of the magnetic activity remained high
throughout the experiment.
At the same time, in Novosibirsk, the
intensity of the magnetic storm was 7-8 scores (the K-index for 24 hrs
amounted to 28 scores). The duration of the period of magnetic tension
in Novosibirsk was also shorter.

From the analysis of the 2nd experiment it was found that
there was no difference in the growth of the monolayer according to
the above-mentioned variables. The two monolayers were viable for more
than 9 days.
Variations of EEF during the experiments were approximately
equal in the two places, and not large:
Ap = 18, and the local indices
of Norilsk and Novosibirsk were K = 17 and K = 15 respectively.
During the 3rd experiment, there was again an elevation of
the magnetic activity:
in Norilsk K = 36;
in Novosibirsk K = 20,
Ap = 28, i.e. tensed heliomagnetic conditions were present, specially
in Norilsk. The results of the experiment repeated, to some extent,
the kinetics of the 1st experiment. Analysing the tables of signs of
sectors of the interplanetary magnetic field, it was found that the time
of the 1st and the 3rd experiments coincided with the change from minus
to plus, which may be part of the cause of the similarity of the results
of the two experiments.
During the 2nd experiment, the plus changed to
minus.
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The obtained results suggest that the viability of cellular
structures depends considerably on the signs of the interplanetary
magnetic field, its character and duration of exposure. Our data
agree with those found in literature (Vladimirsky,1977;
Dubrov, 1974;
Chizhevsky, 1973).
RCI under high latitude conditions

The next task of our investigation was the study of the RCI
under high latitude conditions. The experiments were made simulta
neously with the study of the viability of the cell monolayer. The gist
of the phenomenon was that, when tissue-culture cells caused by
viruses, toxins and UV-irradiation were in their extreme state, a mirror
"cytophatic effect” (CPE) stimulated the CPE caused by an extreme agent
in the cells of the detector culture which had only an optical contact
through a quartz plate with the initial tissue culture. To solve the
question of the possible influence of the magnetic field of the Earth
on the "mirror CPE", the RCI in Norilsk and Novosibirsk were studied
synchronously. A correlation was found between the RCI phenomenon and
variables of heliogeomagnetic conditions as well as time and place of
the performance of the experiment.
According to our results, there is
a correlation of biological processes at cellular level on the one side
with parameters of the heliomagnetic conditions, time and place of
performance of experiment, the K-index (local index), sign of the inter
planetary magnetic field and the index of solar flares on the other.
The heliomagnetic conditions at the studied latitude may play a signi
ficant role in the life of the cellular monolayer and in the manifesta
tions of RCI phenomenon.

The Obtained results allow us to recommend the use of cell
cultures for studies of the important laws of influence of heliogeo
physical factors on the viability and course pattern of intracellular
processes in a living system.
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ULTRAVIOLET RADIATION IN LARGE CITIES AND POSSIBLE ECOLOGICAL
CONSEQUENCES OF ITS CHANGING FLUX DUE TO ANTHROPOGENIC IMPACT
M.P. Garadzha, Ye.I. Nezval'
Moscow State University, Moscow, USSR

Introduction
UVR is an important factor of the biosphere.
Despite the low
energy illuminance of UVR (290-380 nm), as compared with the radiance of
other wavelengths (at the Latitude of Moscow it is nearly 4% of the
annual total radiation flux), it has extremely high biological and photo
chemical activity.

Variations in UV-radiation
Anthropogenic changes in the spectral composition of solar
radiation can cause irreversible ecological posteffects.
For example,
when the ozone layer gets destroyed due to anthropogenic pollution of
the stratosphere, the short-wave UVR may be markedly increased. At the
same time, the C-region radiation (A<280 nm) may also reach the Earth's
surface, fatally affecting the living organisms. We have calculated
that, in case of the 5-10% decrease of the ozone layer against the standard
magnitude of 320 mat.cm, the short-wave UVR flux (accounting the erythema
effect) at the latitude of Moscow may increase by 10-20% in summer and by
13-28% in winter (5).

Any excess or deficit in UVR may unfavourably affect various
conditions of the human activity. To be able to obtain proper undei—
standing of the hygienic aspects of the environment, particularly in such
a Large city as Moscow, it is necessary to have data on UVR. The
Meteorological Observatory of Moscow State University is the only station
in the USSR which has been continuously observing the UVR for almost 20
years. These observations make it possible to characterize in detail
the UVR regime in Moscow. Within one year the total radiation flux changes
by more than one order of magnitude (Table 1).
Its seasonal distribution
is irregular: on the average for the period from 1968 to 1980, 48% of the
total flux falls in^the summer, 32% in spring, 14% in autumn and only 6%
in winter (157 MJ/m with the variation coefficient of 6%).

Cloudiness is an important factor regulating this radiation flux.
Under average conditions of cloudiness the Losses of total UVR comprise
20 to 40%, as compared with those of clear sky. On days with the minimum
UVR flux, which may be observed when the sky is completely covered by dense
Low-level clouds, these Losses increase to 85-95%. The maximum diurnal
totals exceed the minimum ones by 10 to 15 times.
In summer the variation
coefficient of daily global UVR totals is as high as 30%, increasing up
to 60% in November.

Air pollution and UV-radiation in Moscow
Any city being the source of atmospheric pollution may essentially
change man's habitat.
In addition to natural aerosols, the urban air
contains aerosols of anthropogenic origin. Within the boundaries of such
a Large city as Moscow, the atmospheric pollution is distributed extremely
unevenly. The atmosphere is most turbid in the eastern and south-eastern
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districts of the city where the values of atmospheric turbidity T_ may
by nearly 60% exceed those in the cleaner south-western district ID.
According to our routing observations in Moscow, when the wind has
a northern component, the atmosphere above the city is highly transparent.
As the air moved over the city's territory, the values of the turbidity
factor increased by 12%. The losses of the global DVR in the southern
districts through this increase of turbidity were of 10 to 25%, as compared
with those in the northern ones. With southerly direction of the wind, the
northern districts of the city face even more unfavourable conditions
because the city's impact increased the air turbidity there by 25%, and
the UVR losses reached 30%.

It is not only the value of radiation that undergoes changes due
to urban aerosols. They also alter the spectral composition of radiation.
As seen from episodic spectral measurements made at the Meteorological
Observatory of Moscow State University and on several sites in the vici
nity of Pushchino (a town some 100 km southward of Moscow) on days with
high atmospheric turbidity, the urban aerosol, on the average, makes the
short-wave radiation weaker (4).
Figure 1 shows the global radiation
transmitted through an aerosol layer
(?A/Q) as function of the wave
length;
it also presents the values ^,À,Q calculated on data from Tokyo
(6). One can see that even in a relatively clean district of Moscow an
urban dweller receives 13% less of short-wave UVR than a rural dweller.
The urban development also greatly changes the UVR flux. According
to our data, with the horizon being completely closed by buildings up to
20%, the losses of global UVR constitute 7% in June and 16% in December (2).
An urban dweller spends most of his time indoors where the spectral
distribution of irradiance differs from the natural one. As seen from
measurements made in Moscow, with the solar angle of 27 and the azimut
angle of 180°, the spectrum of the south-oriented indoor conditions 1.5 m
away from the double-glassed window revealed a complete lack of irradiance
with wavelengths under 320 nm, while the UVR of longer waves was found to
be many times weaker than outdoors (Figure 2) (3).
Interannual variation of UV-radiation

The continuous UVR measurements, which were made at the Meteoro
logical Observatory of Moscow State University, allowed us to study also
the annual variation of the UVR flux.
During 1968-1983 the annual
global UVR flux was found to be decreasing by 12% (Figure 3). Within the
same period, the total cloudiness increased by 13% and low cloudiness by
23%; the values of the atmospheric turbidity factor increased by 15%.
The variations in the cloudiness and in the atmospheric turbidity were
largely due to global phenomena:
the peculiar general circulation of the
atmosphere and volcanic activity, which during the last years has increased
all over the world. On the other hand, the further advance of the city
also enhances the impact of the turbidity factor. When acting together,
these phenomena have diminished the annual UVR flux within the time under
consideration.
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Table 1

Diurnal totals of global UVR (290-380 nm) and standard square
deviations of S’ as marked at the Meteorological Observatory
of Moscow State University, 1968-1980, MJ/m

Mean

Max.

Min.

<S”

I.

0.09

0.17

0.02

0.03

II.

0.19

0.43

0.04

0.08

III.

0.36

0.72

0.06

0.15

IV.

0.54

1.12

0.07

0.21

V.

0.76

1.44

0.13

0.25

VI.

0.93

1.36

0.13

0.25

VII.

0.83

1.32

0.10

0.25

VIII.

0.69

1.12

0.11

0.22

IX.

0.43

0.80

0.05

0.18

X.

0.19

0.50

0.03

0.10

XI.

0.08

0.25

0.01

0.05

XII.

0.05

0.12

0.01

0.02

Months
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Figure 1 -

Global radiation transmitted through an aerosol
layer as a function of wavelength. Tokyo data
in curve 4.

Figure 2 -

Spectral distribution of global radiation under
conditions of clear sky
1.
2.

outdoor .conditions
indoor south-oriented conditions
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Figure 3

Variation of:

(a)

annual UV-radiation in Moscow 1970-1982);

(b)

annual mean of T^;

(c)

total amount of cloudiness (1) and that
of lower cloudiness (2).

INFLUENCE OF ARID ZONE CLIMATIC CONDITIONS
-ON POPULATION MORBIDITY AND MEASURES OF PROPHYLAXIS
B.G. Bagirov, V.A. Grafova and N.D. Muradova
The TSSR Academy of Sciences Institute of
Physiology and Pathology of Arid Zone, Ashkhabad, USSR

Introduction

Scientific results from our investigations, carried out over
many years as well as various references in literature testify to the
fact that man's vital activity under conditions of a hot, desert climate
greatly affects the functional state of all physiological systems of the
living organism.
Such systems as the cardiovascular and the water and
salt exchange one's endure the most strenuous tense. High temperature
depresses the motorsecretive function of the digest organs, lowers man's
appetite and results in a considerable decrease of the body weight in
summer. Great loss of water through sweating which may reach 5 to 6
Litres during a working day contributes to great Losses of water soluble
vitamins (C, B^ and B^).
A characteristic depression of immunogenesis
is also noted.
Excessive sweating causes a lowering of the bactericidal
character of the skin glands excretes. These facts in their turn are
reflected in the structure. Level and seasonal dynamics of the popula
tion pathology.
Our and other's scientific data indicate that, in comparison
with residents in moderate climates, higher cardiovascular pathology,
mainly expressed as hypotension and high morbidity of nephrolithiasis,
is typical among the native population in particular in the western
regions of the Republic of Turkmenistan.
Probably, a combination of
the high air temperature and the high mineralization of water plays a
certain role in pathogenesis of these diseases.
In the hot period of
the year some increases in gastrointestinal and skin diseases may occur
(B.G. Bagirov, 1983).

Effects of arid climate on man
The influence of arid climate together with intense solar
radiation on the heat exchange of a human body is to be singled out as
a special problem.
A prolonged effect of these factors for several
months would cause the development of chronic overheating of the organism
(B.G. Bagirov, 1973). A main symptom of this state is a small increase
of the body temperature (37.2 to 37.5 C) against the background of a
sharp increase of the skin temperature (34.5 to 35.5°C). Moreover, a
certain Levelling of the skin temperature on all sites of the body occurs.
This implies that there is a smoothing of the thermotopography and a
reduction of the difference between skin temperature and body temperature.
This shows a deterioration of the convective heat transfer and an accumu
lation of heat in the organism (Table 1).
So far as the cardiovascular
system is concerned, some Lowering of the arterial pressure is observed,
in particular of the systolic pressure, down to 100 to 95 mm Hg, and
even Lower. This is an indication of a deterioration of the heart function.
Significant water losses will result in reduced body weight during the
working day reaching 1.0 - 1.5%.
It should be noted that as a rule the
body weight of men working in open fields may decrease by 3 to 12 kg from
the initial weight registered in early spring. Many persons examined
have so-called thermal oedema on feet and hands.
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Chronic overheating is accompanied by constant thirst, apathy,
languor, adynamies, sleepiness. All this sharply reduces man's efficiency.
Marked functional changes occur against the background of deep bio
chemical shifts observed in the human organism during the hot period of
the year.
Decrease of the neurohormonal activity is established (Sultanov,
1978), and the immune status indices decrease as well (Muradova, 1981).
Moreover, deceleration of homeopoesis (V. Kalugina, 1968) and the amount
of water soluble vitamins in the body are found to decrease (Grafova,
1978).
As chronic overheating is an integral manifestation of biochemical
and functional changes, the state of man in those circumstances is very
similar to the tension in polar regions described by Kaznacheev (1980) and
shown to exist in residents of the North.
However, it should be noted that arid zone residents have a lower
level of catarrhal, rheumatic and some other diseases compared with residents
of mid-latitude climate regions.

Measures of prophylaxis
The specificity of man's pathological state under hot climatic
conditions indicates the need to accomplish a number of purposeful measures
for their prophylaxy and decrease. According to recommendations worked out
by the authors and other Soviet scientists these tasks are being accomplish
ed by measures such as social acts and technical decisions, as well as by
making use of medical and biological methods and techniques.
The measures include large-scale irrigation works, planting of
greenery, and organization of public services and amenities of residential
places. The construction of the main Karakum canal, called the Lenin canal,
besides having large economic impact improved the water supply for Turk
menistan population which lead to a sharp decrease in gastrointestinal
diseases. The arrival of water in the western regions where native popula
tion used to drink highly mineralized water will probably result in a
decrease of nephrolithiasis.
Irrigation, creation of canals, reservoirs
and oases in the desert have also greatly influenced the microclimates of
separate regions and has allowed to mitigate the unfavourable impact of
the hot climate. Along the big canal recreational zones, holiday hotels
and dispensaries have also been established.
Medicoprophylactic work among the natives of the arid zone and
also among tourists from regions with different climate is directed to
relieving the serious effects of and to accelerating adaptation to the
hot climate.
It includes methods for professional selection of persons
who arrive in Central Asia, thermal and hypoxic training, organization
of rational labour regimes, rest, nutrition and drinking regimes, etc. It
has been concluded that by using technical means of air cooling in working
and domestic rooms, a rather negative influence on man in high ambient
temperature can be achieved. We have worked out favourable regimes for
the use of aii—conditioners in very hot climate. These measures are
based on interchange of periods of rational labour and rest.
Decrease
of the hot impact are also mitigated through shortening of working time
under ambient high temperature, protection from direct solar radiation
and decrease of thermal tense through holding the organism at rest.

To strengthen health for working men in conditions of hot
climate, a number of social privileges and compensations are granted.
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In particular, for those who work in open industrial territories
increased periods of leave and early retirement age are introduced,
thirst quenching and toning drinks are given free of charge, etc.
Conelusions

As far as the questions touched upon in this article are of
concern to the USSR in general, there is a need for further improvement
of labour conditions and way of life of native populations, widening of
social services, as well as improvements of medicophysiological methods and
techniques for human adaptation to climate in hot and desert regions.
Scientifically, the development of Long-term forecasting of the many
year influence of the complex climatic and social factors on health
and durability of the local and arrived population in arid zone regions
is being planned.
Reference1
6
5
4
3
2

1.

Bagirov, B.G. (1973) - Gigiena truda pri nefteburovykh i
stroitel’nykh rabotakh v usloviyakh zhartogo klimata. Ashkhabad,
"Ylym" Publishers.

2.

Grafova, V.A. (1978) - Obespechennest' vodorasvorimymi vitaminami
sei1skokhozhyaistvennykh rabochikh v zavisimosti ot kolichestva
depolnitel'no vvodimykh vitaminov v usloviyakh zharkogo klimata
Turkmenii.
In boot "Gigiena pitaniya sei 'skokhozyaistvennykh
rabochikh v usloviyakh Turkmenistana". Ashkhabad, "Ylym"
Publishers, pp. 48-51.

3.

Kaznavheev, V.P, (1980) - Sovremennye aspecty adaptatsii.
sibirsk, "Nauka" Publishers.

4.

Kalugina, V.I. (1968) - Gemopoez i regeneratsiya krovi v usloviyakh
zharkogo klimata. Tashkent, "Meditsina" Publishers.

5.

Muradova, N.D., Mommadov, I.M. (1982) - Nekotorye immunologicheskie
i morfologicheskie pokazateli krovi pri deistvii na organism
cheloveka vysokoi temperatury i fizicheskoi nagruzki.
In book
"Medico-geograficheskie problemy aridnoi zony. Ashkhabad, "Ylym"
Publishers, pp. 52-59.

6.

Sultanov, F.F. (1978) -

Gipertermia.

Novo

Ashkhabad, "Ylym" Publishers.

72

1

Table

X.

time

7-8 hours

^\indi ces
seasons

AWST

skin T

15 - 16 hours

AWST

skin T

spring - autumn

30

+ 0.4

36.1 + 0.1

32.0 + 0.5

36.5 + 0.1

summer

34.1 + 0.1

36.5 + 0.7

35.0 + 0.03

36.8 + 0.1

NOTE:

AWST -

average-weighed skin temperature

TOPIC 2:

THE PROVISION OF HEALTH RECORDS INCLUDING

EPIDEMIOLOGICAL STUDIES FOR STATISTICAL HUMAN
BIOMETEOROLOGY

CHARACTERISTICS OF THE CLINICAL COURSE OF THE HYPERTENSIVE
DISEASE UNDER DIFFERENT CLIMATIC CONDITIONS
A.N. Mitropolsky
Leningrad Postgraduate Institute of Medical Experts
Leningrad, USSR

Introduction

Hypertensive disease is one of the most widespread circulation
diseases occurring in all types of climatic conditions.
The importance of studies of a possible climate impact upon
human health is proved by the fact that such problems were discussed
Lately at several congresses, meetings and alL-union symposia (1978,
1979, 1981). Until recently, however, various trends connected with
these problems have not yet been solved.
In particular, the character
istics of the clinical course of the hypertensive disease under various
climatic conditions have not been worked out clearly.
Authors of most studies describing the clinical course of hyper
tensive disease in various climates unfortunately have not based their
work on a comparison between the clinical course of the disease within
representative groups of patients treated under different climatic
conditions.
Investigations of the effect of climate on the hypertensive disease

As our task was to study the effect of different climatic
conditions upon the clinical course of-hypertensive diseases, we selected
three representative groups of hypertensive disease cases consisting of
50 patients each; patients in Group I were treated in the arid zone;
patients in Group II were treated in the temperate climate zone;
patients
in Group III were treated in the Polar zone.

All the patients were males aged from 20 to 50 years. Before
the onset of the disease the patients worked under similar working condi
tions and used the same type of nutrition.
The in-patient examination
was similar for all groups and performed with the use of the same standard
methods and according to the same programme.
Cases of symptomatic hyper
tensive disease were carefully excluded from all the groups under examin
ation. The compared groups were also of the same groups as to their
clinical characteristics; only the cases of stages I and II, however,
were examined from this point of view.
The arid zone climate is characterized by constantly high air
temperature, high solar radiation and relatively rare magnetic storms
(which is due to the remoteness of the Earth's magnetic field);
food
there is rich in vitamins.
The Polar zone is characterized by constantly low air temperature
smaller level of solar radiation (Polar nights);
frequent magnetic storms
and relative vitamin deficiency of the food.
The following was concluded from the analysed cases.
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Results

It was found typical that the clinical course of hypertensive
disease under arid zone conditions as compared to the temperate climate
zone of the USSR is more benign in character, manifesting itself in less
frequent development of complications. Hypertensive crises in Group I
occurred only half as often and their severity degree was less
pronounced than in Group II. Myocardia infarction resulting from
accompanying coronary disease in Group I was recorded only in 1% of the
cases, while in Group II it happened in 3% of the cases. The reason for
this was less pronounced lipid metabolism (blood serum cholesterol
M^ - 4,9 + 0,1 mmol/l; M^ - 5,7 + 0,1 mmol/l) and coagulative system
disorders in Group I patients (blood serum prothrombin M. - 80 + 5,1;
M^ - 98 + 3,2).
It should be noted that the in-patient treatment in the
arid zone was shorter than in the temperate zone (M. - 23 days;
M^ ~ 26 days).
In the Polar (Arctic) zone the clinical course of hypertensive
disease differs from that in the temperate zone by a greater malignancy:
hypertensive crises occurred more often and were more severe; myocardiac
infarction in Group III occurred twice as often than in Group II;
lipid
metabolism and coagulative system disorders in Group III were also more
pronounced (M$ - cholesterol 6,2 + 0,3 mmol/l; and M^ ~ 5,3 + 0,1 mmol/l;
blood serum prothrombin M^ - 104 + 23; M^ ~ 98,3 + o). The average
time of the in-patient treatment in Group III was considerably longer
than in Group II (M^ - 56 days and M^ “ 26 days).

The peripheral white blood cells are known to indicate the
state of reactivity of the body. The count of white cells in the hyper
tensive disease cases under different climatic conditions proved that the
number of white cells in the Group III cases was reliably Lower than in
Group I patients.
In the PoLar zone the decrease of total amount of the peripheral
blood white cells was recorded on account of neutrophiles as compared to
the temperate zone;
conversely, in the arid zone there was a trend to
neutrophilia and eosinophilia.

The revealed changes in the peripheral blood indicate a
decrease of the body reactivity in the Polar zone, and some neutrophilia
as well as the tendency to eosinophilia with some increase of bodily
reactivity in patients of the arid zone.

Climate conditions and emergency calls in Leningrad
With the aim of determining the effect of climatic conditions
upon the clinical course of the hypertensive disease we studied the
seasonal effect in the temperate zone upon the rate of emergency calls of
the patients in the Emergency Centre in Leningrad during two years.
30,472 calls were analysed.

It has been found that in summer when the solar radiation level
in Leningrad is 10 times higher than in winter the number of calls of
hypertensive cases in the Emergency Centre for Hypertensive Crises and
Brain Lesions is several times less than in winter (P<0,01).

In addition, the effect of magnetic storms upon the rate of
emergency calls of the hypertensive disease cases in Leningrad Emergency
Centre was studied by use of data on the daily fluctuations of the Earth's
magnetic field collected from the Astrophysical Observatory in Poolkovo.
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By comparing the number of emergency calls on days of "magnetic
storms" (when magnetic field fluctuations reached 15 to 140 oerst.) with
those on so-called "quiet days" (when magnetic field fluctuations were
within the limits of 5 to 10 oerst.) the following results were obtained.

For 10 "quiet days" there were 2620 calls (M - 22) for hyper
tensive crises and 200 calls for myocardiac infarction (M - 3). During
10 days with "magnetic storms" there were 4100 calls for hypertensive
crises (M - 44) and 480 calls for
statistical processing of the data proved the significance of the above
changes (P<0,01).
The seasonal changes of the main peripheral blood indices have
also been studied and it was indicated that the total number of peri
pheral white blood cells in summer is prone to an increase but the
changes found are not statistically significant.
Another result was found through an analysis of the changes of
the level of leucocytic elements.
Relative and absolute number of
easinophils and lymphocytes is greater in winter than in summer.
Changes
in the segmented nuclear leucocytic level show an opposite tendency:
in
summer their level increases as against winter, a change which is statis
tically significant.

The seasonal changes in the peripheral blood picture have gene
rally a trend similar to that found in different climatic zones.
Effects of Earth's magnetic field

To find out the effect of the Earth's magnetic field upon body
reactivity we analysed the peripheral blood picture in healthy indi
viduals during the days when the magnetic field was normal (up to 10 oerst.)
and at times of magnetic storms (15 - 140 oerst.). This analysis showed
a significant decrease of the leucocytic count in healthy individuals in
time of magnetic storms.

Conclusions

Hence, it seems that ultraviolet deficiency and magnetic storms
bring about a decrease of body reactivity in hypertensive disease cases.
It is indicated by the above-mentioned results that the more
benign clinical course of the hypertensive disease in the arid zone may,
at least to a certain extent, be due to a beneficial effect of solar
radiation, absence of magnetic storms and food rich in vitamins. All
these factors improve body reactivity.

On the other hand, the Arctic climate with its frequent magnetic
storms, polar nights and vitamin deficiency causes a decrease of body
reactivity and a more severe clinical course of the hypertensive disease.
The revealed characteristics of the clinical course of the hyper
tensive disease under various climatic conditions ought to be taken into
account when treating hypertensive disease cases.

EPIDEMIOLOGICAL ANALYSIS OF INFECTIOUS DISEASES
IN EUROPEAN COUNTRIES IN CONSIDERATION OF INFLUENZA EPIDEMICS
A. Machalek
Health Department of the City of Vienna
Central Institute of Meteorology and Geodynamics
A - 1190 Vienna, Austria

ABSTRACT

Seasonal rhythms of infectious diseases in European countries
are discussed.
Correlations between incidence of disease and heat
and/or cold waves are analysed.

The following annual morbidity rates were investigated:
(i)

Diphteria;

(ii)

Scarlet fever;

(iii)

Hepatitis;

(iv)

Whooping-cough;

(v)

Mumps;

(vi)

Poliomyelitis;

(vii)

Influenza.

In a special case the influenza morbidity waves in the city
of Vienna during ten years were investigated. As a result, the possi
bility of forecasting influenza epidemics seems possible.

MORBIDITY AND WEATHER
A. S. Al-Aloosy
Department of Statistics, College of Adm. and Economics
University of Baghdad,
Wazyria, Baghdad, Iraq

ABSTRACT

Climate and weather have long been associated with disease. The study
of this association is called "Meteoropathology". Man is influenced by his
surroundings, by the biosphere, which includes the atmosphere from the ground
level up to 100 meters above the surface of the earth. The complex consisting
of the temperature, relative humidity, sunshine and the solar radiation forms
a major part of available records; it is reported at all weather stations
daily.
The daily number of patients' visits were obtained from two
specialized hospitals in Baghdad:
1.
2.

Ibn-Alnafis Hospital of Heart and Circulatory diseases.
Health Center Clinic of Allergic diseases (Asthma, Nose, Skin).

Daily classification of patients according to diseases and age groups
( < 15, 15-55, > 55 years) for the time series of 1983 and 1984 was made.
Two criteria were applied to create two samples (i)
sample of episode days,
(ii)
sample of control days.
1.

Weather factor criterion:
(a)
Maximum Temperature
(b)
Minimum Temperature
(c)
Relative Humidity
(d)
Solar Radiation

(
45°C,
40°C, ^35°C);
( < 0°C,
5°C, < 10°C);
> 50%
480 MW/cm2.

The corresponding time series of morbidity will be divided into two
samples (episodes and control) accordingly.
2.

Average morbidity criterion:

Here we consider the morbidity days of larger than or equal to the
average of that particular disease under study; the rest of the days form a
control sample.

A non-parametric test statistics is applied to test the hypothesis
that a change in weather factors is followed by a change in morbidity. The
same test is applied for the second criterion to test the hypothesis that a
change in morbidity is followed by a change in weather factors.
In general,
the results of the test showed a significant difference between episode and
control samples for allergic diseases for both criteria.
The chronic diseases
(heart failure, asthma, bronchitis, high blood pressure) are not affected by
weather factors, except that heart failure is affected by high temperature.

PROGNOSIS AND PROPHYLAXIS OF METEOROPATHIC RESPONSES IN PATIENTS
WITH ISCHEMIA AND HYPERTENSION
K.Yu. Yuldashev, L.Ya. Khamitov and I.A. Makhmudov
Tashkent Advanced Training Institute for Doctors
USSR Ministry of Health, Tashkent, USSR

Introduction
Urgent tasks of modern medical science remain to be more
profound studies of pathogenesis and prophylaxis as well as treatment
of cardiovascular diseases, in particular ischemia and hypertension.

Weather and climate changes have been shown to lead to
aggravation of symptoms in patients with ischemia (81%) and hypei—
tension (83%). At present different opinions exist about the bio
tropic nature of the meteofactors and the reasons that may point to
the need to undertake prophylaxis for such patients. •
For this reason the following parameters, characteristic of
the state of the atmosphere analysed in their relation to the above
diseases are: atmospheric pressure, air temperature, absolute and
relative humidity, wind velocity and atmospheric electricity. Absolute
oxygen content in atmospheric air (pO^) has also been studied due to
the fact that chronic oxygen deficiency results in coronary insufficiency.

It has been established that normal changes in meteofactors
and weather do not cause aggravation of the diseases but sharp fluctua
tions of meteorological factors, non-characteristic of the season or
of the area may do so.
Investigations of responses to meteopathy

To establish which amplitude of the fluctuations may lead to
aggravation of symptoms, it is necessary to study the fluctuations of
the atmospheric parameters analysed over many years. Data on micro
films for 10 years at 3-hour intervals have been obtained for the
above-mentioned meteorological elements and for the gradient of the
atmospheric electricity potential observed in a given area. On this
basis mean values and variability have been calculated of the meteo
factors mentioned above as well as for p0? of the air at 3-hour
intervals.
The standard deviation was calculated by amplitude;
the
coefficient being derived from a special table (A.M. Merkov,
L.E. Polyakov, 1974).
Calculations were performed by computer. The
results were plotted for the Tashkent area according to the bioclimatograms proposed by V.F. Ovcharova (1978) for each month of the
year at 3-hour intervals.
To plot the present day values of the meteoparameters and of
p0_> in the air, it is necessary to take into account the difference
between these values and the mean variations over many years. Methods
of variability statistics have been applied to calculate the deviations.
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Data on emergency medical treatment of patients with myocardial
infarction and acute cases of coronary deficiency, and of hypertension has
been studied during a 3-year period.
Case records were analysed and a
list of patients in alphabetic order was established. Medical examina
tion of 2915 cases of myocardial infarction, 6968 acute cases of coronary
deficiency and 1692 cases of hypertensive crisis have also been carried
out. Only those case records where the day and the hour of an attack
were given and where clinical data were confirmed by cardiograms and
Laboratory tests performed during the time of emergency treatment were
analysed and considered.
In fact 97% of all emergency cases included
this pathology.

The data thus obtained has many advantages and allows to establish
the seasonal nature and intensity of the cases according to a time-table.
The results give a satisfactory picture of the frequency of acute cases
of ischemia and hypertension in patients of all regions of Tashkent.
Careful medical examination of the cases ensured the reliability of
the data obtained and Listing of the patients allowed to exclude
duplicates. Observations over many years made it possible to character
ize the dynamics of acute cases of ischemia and hypertension and to exclude
occasional symptoms.
It was also possible to study the seasonal fluctuations
in the development of acute myocardial infarction and hypertension under
the climatic conditions of Tashkent area. The seasonal character of acute
ischemia and hypertension was determined through calculation of seasonal
indices and by making seasonal plots according to the system of polar
coordinates.
Seasonal indices were obtained as the percent ratio of the
average daily number of cases per month to the average daily number of
cases per year. The application of this method allowed to exclude the
influence of the difference in number of days in a month. The most
unfavourable months appeared to be January, February, March, May and
November, i.e. those months that are characterized by the most unstable
weather. The analysis of the onset time for myocardial infarction, steno
cardia attacks and hypertensive crises showed the morning hours to be
the most dangerous with the peak at 10.00 h. This is in agreement
with WHO data.
The study of daily lethal cases showed two peaks: at
09.00-10.00 h in the morning and at 20.00-21.00 h. The highest
Lethal rate was registered in January: 8.1%. By analysing the data on
emergency medical treatment together with the studied atmospheric para
meters,
it was found that the number of emergency cases with ischemia
increases by 3-4 times if p0? Level in atmospheric air differs from that
of many years by 1.0 to 1.5 times the standard deviation.

Clinical examination of 160 patients with different states of
ischemia and 123 patients with hypertension has been carried out. 68%
and 83% of them, respectively, appeared to be meteodependent . The
patients were examined for the state of pulmonary ventilation and satura
tion of arterial blood by oxygen. Hemodynamics indices were also analysed.
The results were compared with the levels of meteofactors studied.
Atmospheric hypoxia effect was more pronounced on those days
when Low atmosphere pressure was accompanied by a warm front. Such
days were characterized by the increased number of complaints of general
weakness, undue fatiguability, dyspnea, tachycardia and severe retro
sternal pain.
Increases in respiration volume per minute, tachycardia,
tachypnea and edema were objectively recorded.
The changes
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of the pO^ indices in blood were also recorded. Although the fluctua
tions in arterial blood saturation by oxygen were normal, a tendency to
a decrease was noted (78.5 against 66.2) p< 0.01. The supposition may
be made that a decrease in pO^ in atmospheric air provokes a breakdown
in the ability for the organism to adapt, especially in patients with
ischemia, because it aggravates hypoxia and Leads to spasms of the
coronary vessels.

There has also been found a strong correlation between the
onset of weather conditions responsible for the "hypoxia effect" and
fluctuations in the potential gradient of atmospheric electricity
12-24 hours before the passage of a cyclone or any other sharp change
in weather. This opens the possibility to apply prophylaxie measures
for repeated ischemia attacks in time.
Clinical—functional observations over many years have allowed
us to find biometeorological and meteopathic effects which appear in
the atmosphere and manifest themselves in an organism by pathologic
syndrome of spastic and angiospastic nature. Arterial pressure increased
in meteorosensitive patients with hypertension in case of penetration of
cold air masses and establishment of high atmosphere pressure in the
given region. Patients with hyperkinetic type of blood circulation were
most sensitive to fluctuations in the potential gradient of atmospheric
electricity.
Secondary prophylaxie measures by traditional means of such
patients did not result in a Less number of acute cases of ischemia and
hypertension. . Nor did they shorten the duration needed for stationary
treatment.
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PSYCHOPHYSIOLOGICAL AND BIOCHEMICAL ASPECTS OF
HELIOMETEOROTROPIC RESPONSES OF PILOTS
DURING THE PERIOD OF THE QUIET SUN (1985)
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Introduction

Whether solar activity influences the functional and physio
logical abilities of man is a very important problem among studies of
the interrelationship between man and his environment.
Vast amount of
information of the solar activity phenomenon and its earthy manifesta
tions in terms of solar-biospheric bonds has been presented in various
scientific publications (1, 8, 9). Our present task in magnitobiology
is concerned with gathering scientific information about the biotropic
effect of geomagnetic disturbances (GMD) caused by solar activity during
the period of the quiet Sun.
One may refer to the organism’s response of pilots to GMD
during the period 1982-1984 as an activation response which shows up
in a wide spectrum of fluctuations of cI inico-biochemicaI indices
occurring synchronously at different longitudes of the Earth (3, 6,
10).

Despite a great number of significant works on solar biospheric
bonds the question of the influence of solar and meteorological factors
on performance and physiological indices of pilots remains insufficiently
studied.

Influence of solar and meteorological factors on biochemical indices
with a quiet Sun
The aim of the present paper is to study the influence of the
solar and meteorological factors during the period of the quiet Sun on a
number of biochemical indices.
In 1958 500 virtually healthy pilots from
the European part of the USSR (the "Europe" group), Siberia (the "Siberia"
group) and workers at the land surface (the "Earth" group) were examined.
During the course of the studies the "Earth" group) was the control group.
The average age of the examined subjects was 30-50 years. The life-span,
work standards and nutritional conditions were identical in all three
groups. The subjects were examined in the morning fasting hours both in
winter and in summer, in the period of GMD as well as in a week after and
in a week before GMD. Both constancy and variability in the manpower
groups were examined. According to the technique with the MMP1 test the
subjects with the high and low level of disturbance were selected (2).

Data of the solar activity state, the onset and the end of
magnetic storms, as well as about weather were received from the ionospheromagnetic laboratory of the Western-Siberian Board of Hydrometeo
rology and Environmental Control.
To compare the obtained indices with the geomagnetic character
istics the superposition method of epochs with calculation of the mean
values (M) and the root-mean-square error from the mean values (m)
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was used. The number of daily observations and the number of the
examined subjects were 30 or more. To estimate the reliability of the
differences of the compared values, day by day, the non-parametric
WiIIcock-Mann-Whitney criterion was used (7). The correlation analysis
of the solar activity and weather factors with the medical indices was
carried out at the computing centre of the Institute of Clinical and
Experimental Medicine of the Siberian Branch of the Academy of Medical
Sciences, USSR.

The observation of the pilots (FLO) in the "Siberia" group
showed a significant increase of the errors in the technique
of pi lotting from 3+1 to 9+1 in the days of GMD. The increase of the
errors occurred against the background of the sympatho
adrenal system stress. The fluctuation of the hematologic indices
seemed to be linked with blood redistribution and an alteration of the
ratio of lymphocytes to segmento-nuclear neutrophiles characterized
the course of the adaptative response in the "zone of activation". As
one can see on Figure 1, the content of prothrombin increased from
94+0.7 to 100+0.3% (p<0.0D, and the daily content of fibrinogen
increased from 9.1+0.3 to 11.2+0.3 on the first day of a magnetic storm
both in winter and in summer. Similar results were found with the
"Europe" and "Earth" groups.
In Figure 2 it is shown that the blood sugar content increased
from 4.4+0.0 in quiet days to 5.1+0.07mmol/l in a GMD period of 24 hours
during the first three days of magnetic storm. As one can see from
the same figure, the content of blood potassium increased on the same
days from 4.5+0.1 to 5.0+0.1 mmol/l (p<0.0D, and the content of blood
sodium decreased from 138+2 (in the quiet days) to 124+2 mmol/l both
in winter and in summer. The same took place in the control group "Earth"
and in the pilots in the group "Europe". All these changes are significant.
The indices returned to the initial ones during the second six-day
period after the onset of GMD.

As it is seen in Figure 3, the content of the common lipids
(the sum fraction of beta-lipoproteins (LPLD and LPVLD) and cholesterin) increased significantly in the period of GMD as well. Moreover,
the content of the sum fraction of beta-lipoproteins (LPLD and LPVLD)
increased from 3.8+0.08 to 4.6+0.1 g/l. This fact probably indicates
that the organism needs the lipids as energo-material in periods of
stress on the sympatho-adrenal system.
The content of the direct bilirubin also increased from
1.7+0.2 (in the quiet days, without GMD) to 3.1+0.1 mmol/l in the
period of GMD both in winter and in summer.
As the content of albumin increased from 54+0.5 (2-6 days
before GMD) to 58+0.5% (p<0.05) during a GMD period, the content of
the common protein and all the globulin fractions decreased.
The
content of the common protein decreased from 75+0.5 to 71+0.4 g/l
without significant seasonal differences. The content of the alpha
1-globulin fraction decreased from 4.3+0.17 (in the quiet days) to
3.6+0.17%. The content of alpha 2-globulin fraction decreased from
10.7+0.3 to 8.3+2% (p<0.01). The daily content of beta and gamma
globulins decreased as well during the first two days of GMD;
beta
globulin from 12.5+0.15 to 10.8+0.15% (p<0.05) and gamma globulin
from 18.5+0.2 to 17.2+0.1% (p<0.05).
Similar changes of the bio
chemical indices were noted in the groups "Earth" and "Europe".
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A close correlation of the above-mentioned physiological indices
of pilots with the weather factors in Siberia was also established.
The pilots with high level of disturbance (both subjectively esta
blished and according to clinico-biochemicaI indices) seemed more
sensitive to the heliogeophysical and weather factors than the
pilots
with low level of disturbance. The fluctuations of the physio
logical indices of the healthy pilots and of the "Earth" group occurred
synchronously and synphasely before and after GMD. We suppose this
happened for the same reason despite the difference in residence and
occupation of the subjects. The fluctuations were correlated with data
taken from various scientific publications and the global character of
the influence of solar and geomagnetic activity during the period of
the quiet Sun at different Longitudes of the Earth and under different
climatogeographical conditions was confirmed (4, 11).
It should be
noted that a second wave of parameter fluctuations and of the amplitude
of the indices was recorded on the third-fourth day after the onset of
GMD. We suppose that they are due to the fact that the influence of
the weather factors changed after GMD. We suggest that the degree of
response depends upon different sensitivity of the indices to the
disturbed magnetic field and weather.

Conclusions
1.

A pilot's (FLO) organism responds to the influence of the solar
and geomagnetic activity factors through fluctuations of a wide
spectrum of the clinicobiochemical indices.
This fact suggests
that a common adaptative reaction may develop.

2.

The fluctuation of the biochemical indices occurring generally
a day before GMD appears to be connected with the primary solar
activity that initiates the electromagnetic solar radiation
(for example, solar flares).

3.

The healthy pilots with the high level of disturbance are persons
sensitive to solar and meteorological factors and it is important
to work out preventive and health measures for them.
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Figure 1

The dynamics of prothrombin and fibrinogen content in the
FLO of the "Siberia" group before and after GMD in 1985.
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The dynamics of blood sugar (1), sodium (2) and blood
potassium content in the pilots of the "Siberia" group
before and after GMD in 1985.
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Figure

3

The dynamics of the content of the common lipids (1),
the summary fraction of LPLD and LPVLD (2), and the
common cholesterin (3) in the pilots of the "Siberia"
group before and after GMD in 1985.

HELIOGEOPHYSICAL FACTORS AND SUDDEN DEATH FROM
CORONARY HEART DISEASE IN SOME CLIMATIC
ZONES OF THE COUNTRY

V.P. Novoselov, N.R. Deryapa, T.V. Volkova
Institute Clinical and Experimental Medicine
Siberian Branch of Acad. Sci., Novosibirsk, USSR

Introduction

The coronary heart disease (CHD) which most often affects people
when they are at the age of most intense social activity, brings about
a high incidence of disability and is one of the major causes of mortality
in any population.
In countries with a high Level of urbanization and
high national income per capita, the CHD makes up 37 to 50% of deaths
among all cardiovascular diseases (Metelitsa, Mazur, et al., 1976).
Lately, the mortality from CHD has increased and the CHD has begun to
affect people of younger age (Chazov, 1975, 1980; Tomilin et al., 1980,
et a L. ).
In studies of sudden deaths from CHD, the forensic medical data
are of great importance since they permit us to obtain information about
Latent variants of the disease which constitute almost 30% of all cases
(Kipshidze, 1973).

A Large amount of information has been accumulated on the thanatogenesis of sudden deaths from CHD;
however, studies have so far been
focussed on the influence of endogenous factors;
of the exogenous ones,
only those related to the social environment have been investigated.
In
addition, it is known that among the factors influencing the incidence of
sudden death, a certain roLe is played by cosmophysicaL, heliogeographical
and meteorological ones (Shagylyjov, 1974;
PotyLchansky, 1979; Porksheyan
Dynkina, 1982; Naumenko, CherkezishviLi, 1985).
In this connection, it was felt that a comparative study of the
impact of heliogeographical effects on the incidence of sudden deaths
from CHD within the framework of unified scientific programme might be
useful, especially through investigating differences between climatic zones
which belong to economically developing areas.

To tackle this problem, an analysis of sudden deaths from CHD
was carried out on the data collected in the Bureaus of forensic medicine
in Novosibirsk, Irkutsk and Norilsk during the period 1975-82. The death
rate was matched with heliophysicaL data obtained from nearby ionospheric
Laboratories through relating the epidemiological data obtained every day,
month and year, taking into account the sex and age of the dead, to the
solar activity and magnetic tension of the Earth during the same periods.
Age-structure of the sudden death data

The analysis of the age structure of the sudden death rate from
CHD showed that in Novosibirsk its peak corresponded to the age of 45 to
59 years both in men and women, in Izkutsk and Norilsk to the age of 30
to 44 in men and to 45 and 59 in women. A higher incidence of death in
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men was confirmed by the data of other authors (Avtandilov, 1973;
Shagylyjov, 1974).
In Novosibirsk, the ratio of dead men to dead women
was 2.4:1,
in Irkutsk, 2:1, in Norilsk, 4.4:1. There is a clear-cut
tendency to an increased death rate in men in Norilsk (81.5%) as
compared to Novosibirsk (70.7%) and Irkutsk (65.6%). Moreover, in
Norilsk there is an increase of death rate (75.8%) in the most active
age (20-59) as compared to Novosibirsk (52.1%) and Irkutsk (38.4%).
In Novosibirsk the ratio of men to women who died at an active
age was 3.5:1 (38.4%: 10.1%); in Irkutsk, 3.4:1 (52.2: 14.8%), and in
Norilsk, 5.1:1 (75.8: 12.7).
In addition, the ratio of men to women
who died from CHD at younger age, is higher (Novosibirsk, 20-29 years,
6: 1; Irkutsk, 5: 1; Norilsk, 5:1). However, in groups of older age
this ratio diminishes and at the age of 75 and above is even inverted
(Novosibirsk, 1: 1.7;
Irkutsk, 1: 1.6; Norilsk, 1: 4).
Seasonal variation of sudden deaths

The distribution of sudden deaths by months of each year within
the period analysed demonstrated that in Irkutsk the peak of sudden
deaths from CHD was in autumn (September 8.2%, October 8.9%, November
8.6%), in Novosibirsk it was in winter (December 8.7%, January 9.4%,
February 8.1%), and in Norilsk in spring (March 8.4%, April 9.8%, May
11.15%). The lowest percentage of deaths in Novosibirsk and Irkutsk
was in summer, and in Norilsk in autumn. One has to note that in the
groups of 20-29 years of age and over 75, the death rate was in all
the cities equal throughout the year.

Geographical variation of sudden deaths
An analysis of mortality from CHD in absolute figures per 1000
has shown that the mortality during 1975-82 was on the average 0.81 in
Novosibirsk, 0.73 in Irkutsk, and 0.45 in Norilsk. At an active age,
the figures were respectively 0.91, 0.58 and 0.62.

The incidence of sudden deaths from CHD per 1000 people during
the years 1975-82 was different in different cities. The highest
mortality rate in Novosibirsk was found in 1979-81, and the lowest in
1975-76.
In Irkutsk, the kinetics was somewhat different, the highest
rate having been found in 1982 and the lowest in 1980.
In Norilsk,
the mortality was approximately equal in all years except 1982, when
it was at a maximum, and in 1977, when it was at a minimum.
In an
analysis of death rate per 1000 at an active age (20 to 59) it turned
out that the highest mortality was found in 1980, and lowest in 1975.
At the age of over 60, the mortality was also different in different
cities.
Variation of sudden deaths with heliogeophysical factors

The results of a comparison of average annual sudden death
rate during the years 1975-1982 showed that the increase and decrease of
sudden deaths in all age groups in all the three cities depended directly
on the value of W
*.
In all cities the average monthly sudden death rates
from CHD, and respective average monthly W values were reciprocal. Thus,
in Novosibirsk and Irkutsk such changes took place in spring and autumn,
and in Norilsk, in summer.

*

W

Wolf number
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In Novosibirsk and Norilsk, a direct dependence of death rate
from CHD at the active age (20 to 59) on changes of solar activity was
found, and in Irkutsk, a reciprocal one.
It was also established that
the average monthly increase of the magnetic tension of the Earth (A )
during the whole analysed period was accompanied by an increase of p

death rate from CHD. No direct dependence was found between the average
annual increase or decrease of the magnetic tension and the death rate
in Novosibirsk or Irkutsk but in Norilsk, there was a direct correlation
between the death rate and A .
P
At the active age (20 to 59), no average annual correlation
between the death rate and increase or decrease of the A was found in
anyone of the three cities.
In all cities, the sudden p death rate
increased on days of magnetic disturbances compared with that on magne
tically calm days.
However, not all magnetically disturbed days were
characterized by an increase of sudden deaths from CHD;
it was typical
only for those days when heavy non-recurrent disturbances took place.

During the analysed period, it was found that changes of
magnetic and solar activity did not occur simultaneously in some of the
above-indicated regions. Thus, when the solar activity decreased, the
numbers of magnetically disturbed days were, on the average, larger;
the disturbances lasted longer and were usually recurrent and weak.
On the contrary, in years of increased solar activity the number of
magnetically disturbed days was smaller, and the disturbances were
shorter in duration, but strong and non-recurrent.
It should be noted
however that in some geographical zones and in some years there were
slight deviations from this general tendency.

Conelusi ons
1.

The rate of sudden deaths from coronary heart disease in all
investigated cities was higher among persons of male sex at
an active age than for any other population group.

2.

The sudden death rate from CHD shows a certain seasonal trend
in each city;
in Novosibirsk it is highest in winter, in
Irkutsk in autumn and in Norilsk in spring.

3.

In all the three cities there was a direct correlation between
the value of W and the death rate from CHD.

4.

The death rate from CHD is influenced by non-recurrent magnetic
di sturbances.
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ATMOSPHERIC PROCESSES AND AGGRAVATION OF PAEDIATRIC HYPERTENSION
O.N. Lipovetskaya, N.P. Nikol'skaya, O.N. Tarakanova
Moscow State University, Moscow, USSR

Introduction
Atmospheric air is one of the most important elements of the
physical habitat of man.
There are both periodical and non-periodical
changes in the elements of the atmospheric environment.
The former are
due to diurnal and seasonal fluctuations in the weather-forming factors,
the latter result from the turnover of air masses.
These changes not
only unfavourably affect human health, they also act as an indispensable
training for the human organism. When the function of any system in
this organism gets disturbed, in other words, when a man gets ill, his
state of health becomes more and more dependent on the environmental
changes, and the degree of his liability to meteorological processes
increases. Weather conditions, for instance, have a strong impact on
the course of cardiovascular diseases (1, 2, 3).
Impact of meteorological conditions on paediatric hypertension

The impact of meteorological conditions on health of children
suffering from hypertension was studied in Moscow based on the daily
meteorological and actinometric observations, analysed at the Meteoro
logical Observatory of Moscow State University, and on daily weather
maps of Europe for 1981. We also used the "Diaries of Child's Health"
developed in co-operation with I.P. Bryazgunov, D.Sc. (Med.) (Institute
for Paediatrics of the USSR Academy of Medical Sciences). These diaries
were kept both during the child's stay in hospital and at home and
contained both objective and subjective information. The study covered
the history of 46 children (6).

In the first stage we revealed the liability of each child to
meteorological processes. To this end, we analysed the coefficients
of correlation between meteorological parameters (atmospheric pressure,
partial density of water vapour in the air, and cloudiness; all measured
at 3 p.m. Moscow time) and the following medical characteristics:
systolic and diastolic pressure, blood stroke volume, pulse frequency,
pulse pressure, mean dynamic pressure, minute blood volume, peripheral
resistance of vascular channel, the vegetation index of Kerdo (4). We
also examined the autocorrelational bond within our series of data.
Having a fixed series of medical data, we shifted the series of meteo
rological data with the step of one day by three days backward and by
seven days forward. The reliability of the correlation coefficients
so obtained was 95% (5).
The inter-diurnal variance of air temperature
and the daily total of UV radiation were also analysed.
The statistics prove that the reaction of sick children to a
change in weather-forming factors is highly individual;
it may vary with
the season for a sick child, while the same child may react differently
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at various stages of the disease.
Cross-correlation of fluctuations of
individual weather elements and of medical parameters for a group of
sick children under parallel observation helped to drastically decrease
the pair correlation coefficients as compared with those calculated for
the same period for each child separately.
In all cases the bonds with
the air temperature proved to be the most unvariable. Among the medical
parameters, diastolic pressure was found to be the most sensitive to
changes in meteorological parameters. The analysis permitted us to
specify 20 children with the highest liability to meteorological processes.
The number of reliable correlation coefficients for these children
exceeded 100 out of the total of 594.

The medical evidence on the course of the sickness of these
children in 1981 was used in the next stage of our work. These patients
now revealed more stable correlations between the air temperature and
diastolic blood pressure.
Paediatric hypertension and synoptic weather conditions

Meteorotropic children's health was also examined in relation to
frontal atmospheric phenomena over Moscow.
It was found that not every
front aggravated the hypertension sickness. On the other hand, attacks
of the disease were noted even when the meteorological elements of a
front did not change much. In view of this, we investigated also the
impact on the sickness of the turnover of air masses, considering the
centre of their origin.
In other words, we checked the hypothesis
suggesting that the aggravation of the disease is not so much due to
sharp fluctuations in the meteorological elements caused by a front,
but rather due to the turnover of air masses having distinctly different
physical properties.
Ground-level and upper air synoptical maps
allowed us to identify eight principal directions of airflows typical
in 1981:

(I)

-

from the European territory of the USSR (ETU) and the Barents
Sea,

(II)

-

from the north-east of the ETU, north-west of Siberia, the
Kara Sea and northern Urals;

(III) -

from the east of the ETU, middle Urals, centre of West
Siberia,

(IV)

-

from the south-east of the ETU, the south of the Urals,
the north of Kazakhstan and the Caspian Lowland,

(V)

-

from the south of the ETU, the Caucasus, the eastern
Black Sea and Asia Minor,

(VI)

-

from the south-west of the ETU, the Black Sea, the
Mediterranean coast of Europe,

(VII) -

from the west of the ETU, middle and northern Europe,
the North Sea, the south of Scandinavia,

(VIII)-

from the north-west of the ETU, the Baltic Sea, Northern
Atlantics, middle and northern Scandinavia.

95

We have specified as a particular type of air circulation those
cases of air transformation, when air is moving slowly over a homogeneous
territory .

Correlation of the above types of airtransport within the territory
of Moscow with the number of aggravated hypertension cases observed at
the time made it possible to establish the extent to which the attacks
of the disease are due to those meteorological conditions (see Table 1).

For the whole year in question attacks were most numerous when
Moscow was under the influence of airflow from the temperate latitudes
of the Atlantic through the western regions of the ETU (21%). This type
of advection prevails throughout the year implying 25% of all cases.
At
the same time, 20% of the aggravated hypertension cases were found when
the airflow from the eastern areas of Asia Minor and the Black Sea drifts
through the southern regions of the ETU. This phenomenon was not acci
dental, because each occurrence of that synoptical situation aggravated
the health conditions simultaneously of several patients.
In winter the most unvariable impact is rendered by airflow
from the regions of western Kazakhstan and the Caspian Lowland (20%),
from the west (33%) and from north-west (20%) of the ETU.
In spring
hypertonic crises are most frequent with the southern (22%) and northern
(21%) air drifts.
In the spring season, unlike the other seasons, no
hypertension attacks are observed when airflow is from the west.
In
summer the great recurrence of hypertension cases is again found with
advection from the west (almost 50% of cases), as well as with airflows
from the Mediterranean coast and south-west of Europe through the south
eastern areas of the ETU and in case of air-mass transformations. However,
it was noted that in the cases of
disease aggravation caused by the
air mass transformation, the synoptic
situation always changed on the
day after the attack and this may have favoured the onset of the attack.

One may suggest that the extent of the adverse impact of the
one airflow or the other depends not only on the season, as it was
established earlier, but is also related to the airflow preceding it.
The insufficient initial data did not allow us to study this problem in
all details. Nevertheless, on the whole for the year 1981, one can
conclude that airflows with a western component (south-west, west, north
west) result in the largest number of attacks if the air masses undergo
transformation during the previous days. The greatest recurrence of
attacks with airflows from the southern areas of the ETU was observed on
days which were preceded by one or two days of ncrth-westerly airflows.
The attacks became more frequent when a long period (2-3 days) of air
flow from the south gives way to a period with westerly airflow.

Conclusions
Because in our study data for only one year were used, the
results above do not allow to develop any prophylactic measures against
aggravation of hypertension.
The number of children under examinations
was not sufficient either.
Our study was of a methodological nature and
our conclusions are only preliminary. Any future research must, on the
one hand, involve more children for examination and a prolonged period
of observation; on the other hand, it is important that the efforts of
meteorologists, physicians and physiologists are combined so that the
involved processes will be understood.
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Table 1

Recurrence of airflows with different directions (in % of all days
in the season), expressed as the numerator, and of coinciding
attacks of the disease (in % of all attacks in the season),
expressed as the denominator

Ai rflow
di recti on
*

*

VII

VIII

1/7

44/33

15/20

10/22

11/14

10/0

11/14

18/9

12/19

23/45

15/9

22/22

5/18

21/22

19/14

13/20

7/12

25/21

15/15

V

0

I

II

III

Winter

15/4

9/0

0/0

1/0

12/20

3/16

Spri ng

26/16

12/21

7/0

3/3

10/10

Summer

26/18

5/0

1/0

1/0

3/0

Autumn

19/18

4/0

0/0

0/0

10/12

For the
whole
year

20/15

8/4

2/0

1/1

9/12

IV

VI

The eight airflow directions are described in the text above

TOPIC 3:

CLASSIFICATION OF CLIMATE FROM A HUMAN
BIOMETEOROLOGICAL POINT OF VIEW BOTH ON A LARGE
AND LOCAL SCALE

CLIMATE AND MAN'S HEALTH
V.I. Rusanov
The University of Tomsk, Tomsk, USSR

Introduction

The major task of the health service is to prevent diseases and
to strengthen people's health. This can only be achieved through taking
an integrated account of both social and natural factors. Among the
latter, estimating climate impact on man is of primary significance and
is especially true in our era characterized by high developed industrial
and communal complexes on reclaimed lands and by increasing international
contacts.

A major problem of medico-climatic studies is the evaluation of
the comparative effect of climate on a healthy and a sick person, reveal
ing the mechanism of the impact and, on this basis, the development of
measures to prevent diseases and to strengthen man's health.
It should
be taken into account, however, that the same weather and climate may
affect people in different ways depending upon the acclimatization ability,
sex, age, health condition and other factors. Hence, the basis for the
evaluation of the impact of climate on man should be an objective character
istic of climate, made with the help of integrated meteorological indices
(IMI) on which the condition of a standard model of man depends. With the
known meteorological norms characterizing the optimum conditions and those
of discomfort of certain groups of people such an approach enables the
determination of the impact of climate on these groups.

Weather and climate influence man both directly and by signals.
Their direct influence is manifested in the meteorological conditions
affecting the thermal state, while the effect of the signals causes patho
logical reactions in the so-called "meteorotropically" sick persons or the
worsening of the health condition of healthy people.
It is to be pointed
out that the state of health is not only affected by the meteorological
conditions as such, but also by their variations in space and time, which
is especially true with regard to the adaptation process in connection
with transregional migrations.
Classification of weather

To evaluate the climate impact on man's thermal state we have
suggested a classification of synoptic weather |1I where it is divided
into types according to air temperature, humidity ranges, wind speed and
low clouds.
Cloudiness is considered as an indirect characteristic of
the radiation conditions. All weather types are grouped into 13 classes
where the influence of the weather on the heat balance of a standard model
of man is more or less similar at temperatures above zero and where the
severity of the weather is similar at negative temperatures. The heat
balance of a man unprotected by clothes is estimated by the value of the
heat deficit or excess in the organism, calculated with the help of the
heat balance model suggested by Budyko, M.I. |2| and simplified by the
author. As for the severity of weather, it is calculated from a condi
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tional air temperature value which defines the cooling power of man
as depending on a combination of air temperature and wind speed.
It
should be noted that these IMI values are closely related with other
IMIs based upon a combination of the thermal condition of man and the
severity of the weather |1|. This fact, on the one hand, proves the
validity of the indices chosen, and, on the other hand, enables passing
easily from one IMI to another, when trying to characterize climate.

The synoptic weather classes indicate the degree of the
functional stress of thermoregulation and determine the man's need for
clothes, his conditions of cLimatotherapy, working conditions and
dwelling type. The classification makes it possible to reveal the
structure of the weather which forms the IMI, and also enables evaluating
the mechanisms of thermoregulation. The latter is necessary for develop
ing measures to strengthen the health of man. The knowledge of the
weather structure determining the IMI may also be used for microclimatic
land reclamation in regions where man lives and works.
For characterizing
climate through calculating the recurrence of the weather classes,
computers and standard meteorological data can be used as well as indirect
methods 131.
The synoptic weather classes may be used to determine the
influence of meteorological conditions on a standard model of a healthy
adult. At the same time,they may form the basis for evaluating the effect
of climate on any specific group of people. With this in view the mean
values of IMI for a number of years are calculated as well as their root
mean square deviations through the recurrence of classes and by the use
of grouped data.
Furthermore, typical curves of the integrated proba
bility of the IMI within the standard deviations are drawn for uniform
climatic regions |4|. The IMI mean values for a number of years and their
root mean square deviations enable to define the recurrence of any IMI
value based on the degree of deviation from the typical curves of integrated
probability. This makes it possible to estimate the climate impact on the
thermal condition of any group of people with no further cumbersome
processing of primary meteorological observations.
Long-term means of IMI calculated for localities with different
climates may be used for determining weather-climatic contrasts (WCC) and
for defining the climatic stress on man in the adaptation process during
transregional migrations.

Determination of weather-climate contrasts
In order to calculate weather-climate contrasts, a unified inte
grated meteorological index is necessary which characterizes the thermal
condition of man at positive and negative air temperatures. The value of
the thermoisolation of clothes rendering thermal comfort to man in any
weather, presented in clo-units (one "do" corresponds to heat resistance
of clothes equal to 0.155 C m^/w)
may serve as such an index. The
latter can be calculated from the regression equations between the do and
the heat deficit intensity in man's organism and between the do and the
conditional air temperature |1| using the nomogramme suggested by
G.V. Tsi tsenko | 5 | .
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The measure of weather-climatic contrasts is defined as the
difference of the clo-values characterizing the climates or weather types
under comparison, in relation to the maximum difference of clo-values
which is equal to 13. The latter corresponds to the maximum weatherclimatic stress on man found during transregional migrations.
From the used formula it follows that the stronger the weather
climate contrast (WCC) is, the greater is the weather-climatic stress on
man; WCC is symmetrical with respect to the climates compared, the sign
"plus" indicates heat and "minus" cold load; the formula being valid in
the zone of effective thermoisolation of clothes, and provisionally in
the ineffective zones.

To evaluate the degree of contrast between the compared climate
and weather types we used the relation of the mean skin temperature of
man to the stress of thermoregulation |6| and the dependence upon the
clo-values of the change of the skin temperature |5|. We then specified
a few types of weather-climate contrasts:
0.0-7.6 - optimal; 7.7-15.3 weak;
15.4-30.7 - moderate; 30.8-46.2 - sharp and over 46.2% - ultra
sharp. These types reflect the corresponding weather-climate stress.
Such a classification of types is provisional;
yet, it enables evaluating
the degree of contrast of the compared weather types and climates, as
weather-climate loading is a measure of the disadaptation during trans
regional migrations. When the contrasts exceed 30.8%, disadaptation is
possible and when it approaches 100%, overloading of the adaptation
mechanism takes place. With positive and negative WCC's equal in values
the loading in the course of adaptation may be different, because the
adaptation of man to cold and heat occurs in different ways. Nevertheless
the contrasts enable us to choose the least harmful routes and seasons for
transregional migration according to the minimum value of the WCC. They
make it possible to find methods for preventing disadaptation disturbances
and strengthening people's health in the course of adaptation.

As an example we shall present the mean monthly values of WCCs
when flying from Leningrad to the continental station Mirny, situated in
the Antarctica.
The data from Table 1 shows that flying from Leningrad to Mirny
in January, according to the WCC, creates an optimal weather-climate
loading on man,while flying from Leningrad to Vostok creates moderate
loading which means disadaptational troubles are possible at Vostok.
If one flies from Leningrad to Mirny and especially to Vostok in July,
the weather-climate loading created is ultra sharp on the cold side.
This agrees with the results of the known physiological investigations
carried out in the Antarctica. The analysis of the data from Table 1
shows that for flying from Leningrad to Vostok it is advisable to go
through the adaptation at Mirny and only then move to Vostok.
Step-bystep moving provides for more favourable conditions for man's adaptation
|1O| .
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Table 1

WCC (%) when flying from Leningrad to the Antartica

Month
Route

I

VII

IV

X

Leni ngrad-Mi rny

-

0.8

- 29.2

- 63.1

- 27.7

Leningrad-Vostok

- 25.4

- 67.7

- 90.0

- 61.5

Mi rny-Vostok

- 24.6

- 38.5

- 36.9

- 33.8

Note:

WCC is calculated from the data |7, 8, 9|.

When characterizing climates for medical purposes it is not
only important to know the Long-term means of the weather-climate
contrasts but also the probability for their variation in different
ranges during transregional migrations. An important characteristic
of climate is also the recurrence of different values of weathei—climate
contrasts as the months for migration and types of weather change at
a definite Location of the territory under review.
Data on the recurrence
of the synoptic weather types help obtaining these characteristics of
climate.

Influence of weather on man
The effect of the weather on man is often manifested in patho
logical reactions of "weather-influenced" sick people and worsening of
the health condition of healthy people Living in comfortable indoor condi
tions. It has been found that they respond to the change of weather not
only on the day of the change, but 1-2 days in advance or after the change
of the weather.
"Here the signal, and not the direct character of the
weather effect is quite obvious" |6, p. 6-7|.
"Meteorotropic" factors,
however, provoking pathological reactions in sick people and worsening
of the health condition of the healthy people, are not quite clear so far.
The indices characterizing the variability of the weather should there
fore be considered rather as indicators of the possibility of pathological
reactions in sick people and worsening of the health condition of healthy
ones.
To measure weather variability we have suggested an index |1|
defined as the relation of the number of alterations of contrasting
periods with similar weather type to the total number of days of the
period under review expressed in per cent. The greater is the value of
this index, the less favourable for man is the climate and the more
frequent the pathological reactions in sick people.
According to the value of the index, we classified the types of
weather with respect to its variability:
00-20 - very stable, 21-35 stable, 36-50 - variable and over 50 per cent - very variable. This
classification is based on the relation of the frequency of pathological
reactions of people suffering from hypertension to the weather variability
index value. The frequency of pathological reactions of people with
hypertension as compared with the frequency of days with stable weather
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may increase with the variations of weather two, three or more times.
The index is applicable for evaluating the influence of weather
variability on the frequency of pathological reactions also in case
of other diseases;
to do so, the correlation of the latter with the
value of the index should be found. The value of the index proper does
not depend on the health condition but should be calculated only from
the results of standard meteorological observations.

Bioclimatic maps
The study of climate for medical purposes should result in
bioclimatic maps of individual regions and of the globe based on the
above weathei—climate contrasts (WCC).
A set of maps and the methods
of plotting are given in |1, 4|. The data on the maps give a comparative
assessment of the climate impact on man which is necessary for solving
problems of adaptation, labour and everyday life hygiene, recreation and
climatotherapy. They are also important for the purposes of designing
dwellings and clothes as well as for building recreation centres.
Preparing and publishing bioclimatic maps will be of great practical and
scientific value for the health services, for solving its main task preventing diseases and strengthening people's health.
The usefulness of employing the above principles and methods of
climate assessment for medical purposes has been proved in a number of
climate studies |11, 12, 13, 14, 15| in different parts of the Soviet
Union.
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Introduction
For climate-related planning in the man-environment field which deals
with population demands for land use connected with recreational activities,
weekend holidays, tourism and public health, a bioclimatic analysis and
evaluation of the space is indispensible for obtaining optimal results for the
human being (Schirmer, 1979). The application-oriented, so-called synthetic
climatic maps supply the planner with valuable indications and means to ensure
a good natural basis of life for human beings.
In this context, the heat
exchange conditions of the human body play a special role since the
thermo-regulatory system of the organism is supraordinate to all other
physiological regulatory systems, e.g., to the blood pressure system. There
are numerous examples of spatial evaluations in the form of bioclimatic maps
for many countries (Gregorczuk and Cena, 1967; Terjung, 1967 a, b; Becker,
1972; Primault, 1972; Rudel et al., 1985). Very different but, in general,
very simple approaches are used to describe the thermal environment, and most
studies do not differentiate sufficiently between seasons.
In spite of this,
these maps may be used as a first approximation, e.g., in fields such as
regional planning, city planning, health resort climatology and environmental
protection.
The Heat Balance of the Human Being

To consider the variations of individual meteorological elements is
insufficient to examine the characteristics of a bioclimate as, in general,
there are no isolated effects of each element on human health, performance and
well-being. Therefore, early in biometeorological research, one attempted to
describe thermal conditions with the use of simple combined indices
(Landsberg, 1972; Givoni, 1976). For the cold regions, one combined air
temperature with wind speed (so-called wind chill factors), and for warm
regions where evaporation plays a decisive role, combinations of air
temperature and humidity data have been used.

Figure 1, using a temperature-water-vapor pressure diagram, shows a
small sample of such indices (reference point Ta = 25°C, RH = 50%). The
large divergence of the graphs is conspicuous and indicates that the various
approaches interpret the same thermal environment very differently. This, of
course, limits their universal applicability, implying that bioclimatological
analyses using various approaches are not comparable. It also means that
transfiguration from one climate to another, e.g., from inland to coastal
climates, or from lowland to mountainous climates, is not possible because the
relevant meteorological factors are acting differently but characteristically
in each climate.
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Fig. 1.

Selected thermal indices in a temperature-humidity diagram

(PMV predicted mean vote, TSI thermal stress index, RT
resultant temperature, ET effective temperature, DI
discomfort index, WBGT wet-bulb globe temperature, Tf
wet-bulb temperature)

In a physiologically relevant approach, heat production of the human
body must be related to all mechanisms of heat exchange with the atmosphere.
This amounts to the application of the first general law of thermodynamics.
We have developed the "KIima-Michel-Model" (Jendritzky et al., 1979) for the
quantitative treatment of this problem.
*
This model treats the connections
between heat production of the human body, on one side, and meteorological
elements such as air temperature, humidity, wind velocity and short- and
long-wave radiant fluxes which determine heat loss, on the other. Due
consideration is given to the heat isolation effect of clothing.

The model is based on Finger's comfort equation (Fanger, 1972) which
was developed for heating and ventilating purposes.
It is a special form of
the heat balance equation. The degree of non-fulfillment is used as a
measurement of the demands placed on the thermal regulation system. Comfort
is correspondingly connected with minimum activity of the regulatory mechanism.
The application of the comfort equation to outdoor conditions was
achieved by parameterizing the outdoor radiant fluxes which are much more
variable than indoors. The empirical basis which was developed for the
individual radiative components requires only readily available measurable or
observable meteorological data. Unlike in conventional meteorological
practice, the radiant fluxes were not related to a horizontal surface but to
the geometric form of the human body.

*("Michel" is the popular denomination for the typical German and equivalent
to the English John Bull or the American John Doe.) (Figure 2)
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THE THERMAL ENVIRONMENT

T , Thermal Insulation
C1 of Clothing

B

Radiation Budget:
Short-Wave:
Direct Solar Radiation

C

Diffuse Solar Radiation

Sensible Heat Flux

R

Reflected Radiation
Long-Wave:

A

Atm.Counter Radiation

E

Emission of the Surroundings

H

C

Heat Production

EJW Latent Heat Flux
Q

Respiratory Heat Flux
res(Sensible and Latent)

E„uRadiation from the Man's Surface

Fig. 2.

The heat balance of human beings (Klima-Michel-Model)

Because the KIima-Michel-Model takes into consideration all essential
factors concerning the heat balance of the human body, its approach differs
significantly from those of the above-mentioned simple thermal indices, which
have very limited physiological relevance. Their use no longer corresponds to
the state-of-the-art since a heat-balance approach by the use of electronic
data-processing procedures are now easy to apply.
Method of Analysis

With the help of the KIima-Michel-Model, the thermal environmental
conditions within the Federal Republic of Germany from 1951 to 1980 were
analyzed using daily meteorological data. Assuming a given constant activity
(walking = 210 W), the results showed that the Klima-Michel should be able to
adjust himself reasonably well to the thermal environmental conditions by
means of a change of clothing from winter clothes (2.0 clo; 1 clo =" 0.155 m2
KW-1) to summer clothes (0.5 clo) - appropriate behaviour!
It was also
shown that on a certain percentage of days within a year, thermally
indifferent conditions prevail and so, theoretically at least, optimal comfort
is possible to reach. According to the climatic considerations, heat load, in
spite of summer clothing, and cold stress, in spite of winter clothing, were
considered to exist when set threshold values for the degree of deviation were
exceeded.
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In interpreting the results of the analysis using the
Klima-Michel-Model, it must be taken into consideration that the model only
describes the thermal conditions for the mean of a large sample of people
(Fanger, 1972). Between individuals, in fact, large differences in thermal
regulation can occur. These differences are dependent upon, for example, age,
sex, size, weight, but, in addition, a previous injury or differences in
acclimatization also influence the heat balance. With a higher heat
production such as during walking, a heat load will more likely occur, and
with a lower heat production, cold stress is more likely. Also, inappropriate
clothing, of course, changes the thermal conditions of an individual.

The Stochastic Model
The thermal conditions are not only of interest at the 88 weather
stations from which data were analyzed but also, in principle, at any
arbitrary point. The translation of this pointwise information into the
intermediary space was accomplished using a stochastic model based on a
regression approach (Tab. 1). This model takes into consideration such
climate factors as geographic longitude and latitude, elevation above MSL and
orography (form aspects, slope and exposure). The orography was taken into
account by the use of a so-called digital terrain model, where all elevation
values which exist within a 1 km grid are compared with the elevations of
adjacent grid points. The correlation between observed and computed
frequencies of extreme thermal conditions was very high; correlation
coefficients vary from one individual month to another only slightly - between
0.92 and 0.99!

THE

STOCHASTIC

BIOCLIMATIC

MODEL

Statement:

Thermal Stress = Function (Climatic Factors, Season)

Climatic Factors:
Geog. Longitude and Latitude, Altitude above Sea Level, Orography
(Form, Inclination, and Exposure of the Terrain). Neglected: Soil
Vegetation, Settlements

Regression Approach:

TS= a « X
* b- p + c-H
*
d -expE^e expEIXj|
*K

a, b................. K

<Zi =

Table

Coefficients Depending on the Month

Elevation Angle of the Terrain

1.

The Stochastic Bioclimatic Model
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The influence of the orography, which is generally well described with
the stochastic model, becomes evident also at reasonable elevations at which
extreme differences in the thermal environmental conditions between
depressions and hilltops at the same elevation are distinctly noticeable.

Heat load occurs mainly during clear summer weather with a high amount
of solar radiation and little air movement. Cold stress, on the other hand,
is connected with low temperatures and higher wind speeds. This corresponds
to the bioclimatic characteristics of hill and mountaintop locations which are
more exposed to wind than depressions and valleys, which are more protected.
These two types of locations are basically opposed to one another.
With the models developed, the bioclimatic conditions for any given
location can be calculated. The primary application is, however, for the
production of bioclimatic maps (Fig. 3a, b; in this case with an original
scale of 1 : 500,000). Such maps are produced with computer assistance and
are based on a digital terrain model. With the scale mentioned, no account
can be taken of the micro-scale effects of the orography and vegetation; for
example, the wind protection in depressions or behind hedges or the heat
radiation from a rock-faced cliff cannot be considered. Also, urban
climatological effects have to be disregarded.

The preparations for the publication of bioclimatic maps for the
series "German Planning Atlas" have been completed. Because there are certain
principal similarities between the heat balance of a human body and that of a
building, the maps may be suitable for a first approximation to evaluate
heating or cooling degree days for building purposes.

Fig. 3.

Computer plots of heat load (a) and cold stress (b).
Detail: Southern parts of Black Forest and Rhine Valley
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The Bioclimatical Terrain Mapping
For various purposes in the area of planning, bioclimatic maps of a
higher resolution are often required. By means of an enlarged geographic data
basis obtained through remote sensing and a digital terrain model, a decisive
improvement of the meso-scale stochastic model can be achieved. The results
will be bioclimatic maps of scales between 1 : 25,000 and 1 : 200,000. Three
new layers of geographic data, two layers of remote sensing data, (HCMM,
LANDSAT) and a digital terrain model (100 m grid) stored in Geographic
Information System (GIS) are required for this purpose.

The integration of satellite thermal data from HCMM is based on the
hypothesis that the patterns of the surface temperatures on a cloudless day
are, at least, partially influenced by the geofactors in the same manner as
heat load. In fact, the spatial correlation coefficient between heat load
calculations according to the meso-scale model and HCMM data is r = .92!
The land use types which had to be neglected in the meso-scale model
were derived from multi-spectral LANDSAT-data (Baumgart and Quiel, 1985) in
six classes: forest, arable land, pasture, sparsely built-up, densely
built-up, water. The integration of such land-use data was based on the
assumption that the thermal conditions of a certain location are considerably
influenced by the land use of the surrounding area, especially by the
percentages of forest and built-up areas.
On the basis of the remote-sensing data and the digital terrain model,
a heat load model is now available as a suitable tool for further planning
applications (Fig. 4). A comparison between the bioclimatic maps of the two
scales (Fig.3 and 4) makes evident that:

Fig. 4.

Heat load for July (usually in color)
Southern parts of Black Forest with surroundings.
Heat load values 1-day intervals
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1.

rough patterns in both maps are similar;

2.

areas of equal heat load in the micro-scale map (Fig. 3a) are in
the print-out (Fig. 4) much more differentiated because of the
integration of the land-use data;

3.

settled areas are characterized by greater heat load than the
surrounding areas (urban heat island);

4.

in larger cities a differentiation is possible even within the
city.

In the context of bioclimatic assessments on a micro-scale, some
further problems have to be solved, in particular, those related to the
shading effects in street canyons and their biometeorological significance.

Conclusions

With the help of heat budget models of the human body which to a
sufficient degree take into account the mechanism of heat exchange,
meteorological data can be analyzed in a physiologically significant manner.
On the basis of digital terrain data, models for computer design of
bioclimatic maps can be developed using a statistical approach.
Inclusion of
remote-sensing data allows the transition from meso- to micro-scale models by
which it is possible to describe effects of land use and to simulate the
biometeorological impact of changes of land-use types. Hence, it should be
possible to include bioclimatic maps for use in the decision processes within
fields such as regional planning, urban planning, health-resort climatology,
planning of location of hospitals, sanatoria, homes for the aged, etc. as
well as for solving problems of environmental protection.
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MAIN PRINCIPLES OF SYSTEMATIC ANALYSIS OF LANDSCAPE-CLIMATIC
RESOURCES IN THERAPEUTIC-PROPHYLACTIC PURPOSES

E. B. Borovik, I. V. Butjeva, T. G. Shveinova
Central Research Institute of Health Resort and Physical Therapy
Moscow, USSR

ABSTRACT

The role of bioclimatic factors in prophylaxis and treatment of many
diseases is markedly increasing today, since people have to stay mainly in
optimal conditions of house microclimate and corrective city climate, and this
has resulted in weakening the human adaptational mechanism and decreasing the
organism's resistance to adverse environmental exposure.
There is every
prospect of bioclimatic factor applications, since these factors influence the
natural, evolutionally developed mechanism of stimulation of human vital
activity on the whole.
The polyfactor and multidirectional biotropic effect of climate
determines the use of systemic analysis, which defines the climate effect on
human organism both on the system as a whole and on many of its components.
Therapeutic-recreative factors should be considered as an interconnected and
interdependent natural comple, which may be expressed in the form of a
geographic environment model.
Taking into consideration that the bioclimatic
system consists of many independent significant factors, it is reasonable to
use a modular principle in constructing its model. Every modulus has an
independent value, which allows reconstruction inside the modulus, without
changing the model as a whole.
The proposed system of landscape-climatic resources includes specific
characteristics of geographical position and landscape conditions of health
resort recreational zones, the indices of general climatic background and
microclimate, the estimation of climato-therapeutic territories (beaches, etc.)

The use of systemic analysis is of great scientific and applied
importance, since it allows us to determine the potential possibilities of
bioclimate in a therapeutic-prophylaxis plane, to reveal the main aspects of
meteopathic effect, to determine the peculiarity of microclimate and to
outline the optimizational measures. Finally, systemic analysis of
bioclimatic resources will contribute to rational reclamation and protection
of health resort recreational zones, will be a basis for development of
medico-meteorological prognosis and prophylaxis of meteoropathic reactions in
different natural zones of the Soviet Union.

IDENTIFICATION OF WEATHER TYPES FOR PROPHYLAXIS AGAINST METEOROPATHIC
REACTION IN CASES OF CARDIOVASCULAR DISEASES AT RESORTS IN THE
NORTH CAUCASUS MOUNTAINS

N.P. Povolotskaya, K.F. Novikova and A.P. Sklyar
Scientific Research Institute of Physiotherapy and
Spa Investigation. Pyatigorsk, USSR

Introduction
The authors have classified weather types according to the
character and degree of the "irritation" influence of different kinds of
weather on patients with cardiovascular diseases under treatment at the
mountain resort Kislovodsk. The major aim was to be able to recommend
meteoprophylaxis treatment to avoid patient's meteoreactions.

More than 1000 patients with blood circulation diseases
(coronary heart disease and rheumatic heart defect) were under supervision.
During their spa treatment the weather influence upon the following
functional homeostatic systems was examined: hemodynamic, functional
period of the day, physical toleration, neurovascular reactivity, thermo
regulation, homocoagulation, different types of metabolism and so on.
Simultaneously, daily blood values tests of a number of patients
were recorded
and the major blood values of the patients were kept
under supervision.

The systematic observations of meteophenomena and weather
conditions included:
structure of atmospheric pressure, genesis of air
masses and their thermodynamic characteristics, intensity of atmospheric
processes, atmospheric fronts, etc. Bioweather diagrams were produced,
which reflected major synoptic weather situations and their dynamics,
data on the most likely change in a 24-hour period of temperature, humi
dity and atmospheric pressure. Data on atmospheric electricity, oxygen
weight of air mass and discomfort conditions were also considered.
Classification of sensitivity of patients

The identification of weather types for prophylaxis against
meteoropathy reaction was based upon the patient's return reaction caused
by changes in the surrounding medium. Despite the fact that there are
numerous ways of a patient's reaction to weather changes, we have worked
out some basic principles for defining the degree of meteorosensitivity
and the nature of homéostasie reactions. The basic principle was based
upon an analysis of the mechanisms of homéostasie adaptation. The
degree of meteosensitivity of a patient as well as the frequency and
characteristics of the meteoropathic reactions depend on the organism's
functional reserves, the seriousness of the disease, as well as the type
of the weather-disturbing influence. We have found that there are four
degrees of weather sensitivity labelled as follows:
M

- no noticeable weather sensitivity

M^

- weak weather sensitivity

M^

“ moderate weather sensitivity

M^

“ strong weather sensitivity
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Classification of weather types

Based on a climato-physiologicaL-cI ini cal analysis concerning
the strength of the disturbing influences of the weather upon the
weather-sensitive patients (indifferent (I), weak (II), moderate (III),
high (IV), we distinguished four types of weather:
favourable, relative
ly favourable, unfavourable, especially unfavourable.
In accordance with
the character of the meteoropathic reactions to different weather changes,
we found it reasonable to distinguish three types of atmospheric situa
tions within which the II, III, IV types of weather are further sub
divided into A, B, C subtypes.
Reactions of patients to various weather types

The weather subtype A (II-A, III-A) is formed in anticyclonic
systems with continental Arctic air masses and stable atmospheric strati

fication. Weather sensitive patients reactions were caused by the sharp
rise of atmospheric pressure, fall of temperature and by a relative
increase of the percentage amount of oxygen in the air for a short period
of time.
In most cases such expressions of biological sensitivity was
manifested in the formation of anticyclones after the passage of a cold
front.
With the weather subtype A patients often reacted with regional
angiospasms, temperature control tension, intensification of the sympathetic
adrenaline reaction, high blood pressure, sympatheticotonic effects on the
24-hour functional period and muscular tonic rise. Patients complained
of temperature pains in different parts of the body, erethism and sleep
disturbances.
The weather subtypes B (II-B, III-B, IV-B) are instead character
ized by low atmospheric pressure related to propagation of continental
tropical air masses and by sudden changes of temperature. Meteoropathic
reactions were manifested during the period of rise of air temperature,
lowering of atmospheric pressure and reduction of oxygen partial pressure.
Characteristic changes in patients were lower oxygen partial pressure in
tissues, rise of the tonus of the parasympathetic nervous system,
hyperventilation, increase of blood oxygen capacity,
non-inflammatory edema syndrom and by intensification of allergic
reactions. The patients complained of drowsiness, flabbiness, sweating,
palpitation and so on.
The weather subtype C-class (II-C, III-C, IV-C) included
unstable weather within periods of cyclonic activity during the passage
of cold fronts. The weather subtype C is characterized by 24 hours or
longer changes of temperature, atmospheric pressure, oxygen and ions
content of the air, as well as of variations in the unipolarity ions
coefficient and by extreme unstability of the weather regime.
At the beginning of III-C and IV-C types changes in the total
ion content of the air was registered.
For C-weather-subtype patients
reactions started at the beginning of the weather processes already
when no changes were noticeable in the atmospheric layers near the Earth,
and were intensified at the moment of the arrival of the cold front.
Patients showed a tendency to general angiospasms and to inadequate
reactions, the adjustable mechanisms were deteriorating. The patien+s
complained of angina pectoris, headaches, noise in ears, suffocation,
fatigue and so on.
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For the most favourable weather type (Number I) the anti
cyclone system with continental air masses is characteristic. Other
characteristics are the absence of atmospheric fronts, stability of
the atmosphere, normal daily variations with insignificant changes of
important parameters (less than 0.75 S’). The weather of the no. I
subtype gives a minimum of problems for patients who may suffer from
adverse changes in weather.
Table 1 below contains information about the "irritating"
effect of different weather types on ishiative patients.

Conclusions
The amount of negative reactions to weather increases with
the expansion and speed of the influence of the adverse factors upon
the patients. The C-subtype atmospheric processes influence most
intensively the patients and a maximum reaction (95% of all patients)
is observed in the case of the IV-C weather type.

The unstable III-B and IV-B types gave many cases of negative
reactions (74-95%) and also did the III-A type with'genesis of oro
graphic anticyclones (69%).

We have prepared recommendations for prophylaxis against urgent
weather reaction among
and
patients and for different weather
types:
Numbers I and II types are most favourable for climate treatment
aimed at increasing the patient’s resistance to adverse weather
influence.
With II-A, II-B, II-C weather types active regulation of
homeostasis is preserved and medical observation of
and
patients
is not necessary. Sometimes, with weather subtype II-B
patients need
urgent weather prophylaxis medicine.
For
and M? patients use of
adaptative medicine together with limiting physical efforts may be
useful.

With III-A, III-B, III-C weather types M., M?,
patients
regulate homeostatis with a certain difficulty. These kinds of patients
therefore should be under medical supervision.
With III-A and III-B
patients are given especially workedout limitations to the daily regime.

With III-B type all weather-sensitive patients are urgently
given medicines, the
patients are given an inside sanatoria regime.
In case of IV-B and IV-C subtypes all the weather-sensitive patients
suffer from irregulations of the homeostasis. These patients require
medical supervision and medical prophylaxis.
The proposed weather classification allows to forecast the
nature of adverse impact of weather on patients and it is useful for
application of timely and aimed-weather prophylaxis.

Table

Frequency of reactions with weather-sensitive patients in different weather types

Weather types

Index

Total number of
patients
Number of patients
with weather reaction
Number of reactions
per patient

II-B

II-C

I

II-A

III-A

447

935

189

570

672

56

538

87

322

130

186

502

53

0.19

0.34

0.69

0.33

0.75

0.95

III-B

IV-B

IV-C

Total

396

164

3,967

200

295

151

1,926

0.37

0.74

0.92

III-C

0.49

o

TOPIC 4:

HEAT BALANCE OF MAN AS RELATED TO HIS HEALTH

BIOCLIMATIC ESTIMATION OF COLD DISCOMFORT ON USSR TERRITORY

K. Sh. Khairullin
A. I. Voeikov Main Geophysical Observatory,
Leningrad, USSR

ABSTRACT

One of the basic techniques for the bioclimatic estimation of comfort
and discomfort of human conditions relates to the body's thermal condition
formed under the effect of a group of meteorological factors: temperature,
wind speed, solar radiation, air humidity. The author (1977) developed a
technique for estimating winter weather conditions at negative temperatures
when the duration of staying out of doors is limited by the temperature of the
exposed parts of the body (face, hands). V. N. Adamenko and K. Sh. Khairullin
in the works (1968, 1971, 1973) suggested an empirical method of "reduced
temperatures" enabling the degree of discomfort to be estimated from the
formula:
__
—

— Sb _
where

8.2

is reduced temperature,©» is air temperature, O' is wind speed,

is

the radiation balance of body surface. This method is more realistic than
Bodman's criterion. Using the method of "reduced temperatures", based on the
actual combinations of air temperature and humidity with consideration of
radiation, the length of periods colder than the criteria selected
(-28, -38, -42°) was obtained, which fact corresponds to heating conditions,
and reduction or stopping of outdoor work.
Physiological and biophysical aspects of cold effect on human thermal
conditions and adaptation problems are studied in detail in the works by
A.C. Burton, O.G. EdhoLm, N.R. Deryapa, V.P. Kaznacheev, I.S. Kandrora, et al.
According to the degree of cold discomfort the USSR territory is
divided into zones, which allows not only the singling out of discomfort zones
but also estimates the possibilities of winter land-reclamation in urbanized
zones by lowering wind speed.
For example, along with continental regions of
the Asian part of the USSR the areas are distinguished on the Arctic Ocean
coast with equal discomfort but greater land-reclamation possibilities.
In
all of the USSR territory there are 20 isolated areas: 5 zones with cold
discomfort and 4 areas with wind discomfort in each of them.

CARBOHYDRATE AND FATTY EXCHANGE REGULATION
BY CLIMATE FACTORS

S. Zarenkova
Nikfr-Ma, Sofia
Bulgaria

ABSTRACT

This study is based on the approach developed by V. Marinov (1978) for
a quantitative registration of the effects of meteorological factors on the
human body, in terms of specific physical activity and food energy supply.
From the climate-physiological studies carried out it has been
established that there is in some regularity in the level of some metabolites
of carbohydrate and fatty exchange, depending on the environmental heating
load and physical activity.
In sub-comfort conditions free fatty acids and lactate have low values
in the serum but in HDL and pyruvate they are high. In heat discomfort
conditions the reverse is observed.

Results of some carbohydrate and fatty exchange parameters are
interpreted.

Results obtained allow a more effective regulation of these
significant exchanges in the human organism when climate therapy is applied.

SOME ASPECTS OF MAN'S ACCLIMATIZATION TO HOT CLIMATES
A. B. Babayev
Tadjik Medical Institute, Dushanbe, USSR

ABSTRACT

We were interested in the adaptation of workers (builders) to hot
climate. The investigation of gas exchange in different seasons showed that
the consumption of oxygen of the workers during a state of relative rest
before the beginning of the work was 284 + 12 ml/min in summer and 333 +10.5
ml/min in winter.
The increase of oxygen consumption during a working day was
11 ml/min in summer and 41.2 ml/min in winter. These data show that the human
organism during work in hot climate tries to retain oxidizing processes at a
lower level in order to facilitate the preservation of the heat balance. The
oxygen consumption in native people and newcomers from the regions with temper
ature climate witness it (with period of stay up to 6 months). Until the
beginning of work it was in native workers 282 + 7.7 ml/min and in newcomers
289 +4.7 ml/min at the end of the working day during the performance of
identical working operations the oxygen consumption in native people increased
to 286.3 + 7.8 ml/min and in newcomers to 296 + 6.5 ml/min. The unequal
increase of oxygen consumption is conditioned by a different degree of
participation of chemical thermoregulation in people with different lengths of
stay in the hot climate.

The pulse frequency decreased gradually with acclimatization to the
hot climate. The pulse frequency increased during the rise of air temperature
in people who were in the hot climate about 10 days by 51%, to 6 months by
27%, to 1 year be 15%, 1-2 years - 7.5%, 2-5 years - 8.8%, above 5 years by
10% and in native people by 7.5% in comparison with the initial data. The
compensatory changes in the human organism are sometimes so deep that a change
of indices of the arterial pressure occurs. The changes of indices of arterial
blood pressure decreased gradually with the increase of period of permanent
residence in the hot climate.
There were also analogous changes in pulse
pressure .
In the process of repeated thermal influence with increase of period
of residence there were quantitative changes in perspiration. The quantity of
water drunk, deficits of weight and general losses of moisture with increase
of the term of residence decreased and by the 12th month the general losses of
moisture (4985) were almost equal to those in native people who did the same
work.

The body temperature in workers who stayed in the hot climate 10 days,
6 months and 12 months increased to 37.8°C, 37.1°C; and 36.9°C respectively.
In
native people the increase was to 36.9°C.
One of the integral indices of the adaptation of a man to hot climate
is the displacement of the comfort of heat sensation to higher temperatures.
For builders who came to the hot climate regions recently (to 10 days) the
zone of the comfort heat sensation was 19-22°C,in persons who were working in
these conditions for 12 months and more the heat sensation "well" was at the
temperature 22-26°C, and sometimes this value increased to 27-28°C.
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Active work and a gradual development of the body's adaptation from
winter to summer promote a rapid development of adaptation of the body from
winter to summer because the body undergoes an action of the air temperature
which gradually increases.

During one year of residence and work of a person in a hot climate
mechanisms of adaptation develop which create the necessary condition for
physical work without essential changes of different functional systems of the
body.
In addition to the physiological investigations, we also studied some
indices of general immunological resistance of the body in 231 workers who
lived in the circumstances of hot climate 6 months, 12 months, 2 years,
3 years, and 4 years or more. The operations which were carried out by
builders can be regarded to be of a moderate difficulty (2-3-5 Kcal/h). The
received data of the phagocyti c activity, neutrophils of blood, the skin
bactericide function and lysozyme function of saliva show that deeper processes
of acclimatization take place when the person lives in the hot climate more
than 4 years.

Consequently, when the person lives in circumstances of a hot climate,
during 1 year the early period of adaptation begins and the whole
acclimatization to the hot climate comes only after 4 years.

LUNG AIR CONDITIONING IN VARIOUS ENVIRONMENTS

N.A. Belyakov, V.B. Serikov, M.S. Rumm
Leningrad Kirov State Medical Institute
Leningrad, USSR

Introduction

The lung-air blood barrier is the greatest surface of the human
organism in contact with the environment. Its surface is about 500-2000 m .
Over one quarter of it is the bronchial tree.
In normal breathing
10-15 m3 of air passes through it daily. Lung air conditioning during
respiration plays an extremely important role in human adaptation to various
types of environment, as well as to thermoregulation physiology, organism
fluid balance and lung pathology genesis.
Experimental investigations on heat and mass transfer in the
bronchial tree have not yet given answers to the main questions of this
problem:
which part of the respiratory tract plays the main role in lung
air conditioning? which is the main site for air conditioning in the
lungs? and which factors are decisive for this process? The purpose of
our work was to find answers to these questions by the means of physical
and mathematical modelling as well as experimental investigations of the
heat- and mass transfer in the lungs under various environmental conditions.

Experimental design and mathematical modelling

For the solution of the problems simultaneous studies were made
of the Lung air mechanics during respiration and the heat and mass transfer
between air and blood in the walls of the bronchial tree. The mathematical
problem was solved for the conjugated and non-steady cases. A third
kind of boundary conditions were given by application of the laws of heat
stream changes at the boundaries.
For geometrical interpretations the Weibel morphometrical model
of the human Lungs was used. As a first approximation the stationary and
one-dimentionaL problem was solved.

~

ST)

So
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where p = density, U- = velocity, C, Cw = water vapour content in
and bronch respectively, D = diffusion coefficient, Re = Reynolds
Sc = Schmidt number, $ = mass transfer coefficient, Cp = thermal
capacity, £
= hydrodynamic stabilisation and non-linearity
coefficients, T, Tw = temperature in air and bronch respectively,
of bronch,
= heat transfer coefficient.

air
number.
heat

R = radius

Both laminar and turbulent flows in the bronchial tree were
investigated.
In the turbulent case the air conditioning process is more
intensive than in the laminar caseDuring the motion of air from the
upper respiratory units to the alveolas it is gradually humidified and
heatened. Through respiration of absolutely dry air at 0 C at the level of
12-16 generations of the bronchial tree the air is completely conditioned.
Further intensification of the ventilation rate leads to a displacement of
the conditioning zone. When the volume flow exceeds 4 L/sec., air enters
the alveolar part of the lungs without being fully saturated.

The role of the mass transfer of water vapour from the bronchial
walls to the air is of great importance in the air conditioning process.
Due to the mass transfer the air in the upper parts of the respiratory
tract is conditioned much faster than the lower ones. The maximum condi
tioning Level does not change during the mass transfer process.
During respiration of dry air with initial temperatures of
respectively - 15 C, 20 , 60 C no substantial change of the air tempei—
ature in the alveolar occured during normal rate of breathing, but in
the uppermost parts of the respiratory tract the temperature changes
were significant. The greatest temperature changes in the upper
parts of the respiratory tract were found under unfavourable environmental
air conditions, and the basic load for air conditioning was found in the
middle parts of the respiratory tract.
This may be the cause of the high
frequency of respiratory pathology. Total heat losses are dependent upon
the initial air humidity and temperature, and the most unfavourable condi
tions for breathing are those in cold or very hot, dry air.

The solution of the problem for the non-steady state case with
conjugated boundary conditions shows that the temperature of the bronchial
walls decrease during respiration, especially in the first generation of
the bronchial tree. The bronchial and pulmonary blood circulation, as
an inner heat source, plays an important role in air conditioning, and the
circulation pathology also can lead to pulmonary diseases due to
changes of the conditioning lung function. During the real breathing process
the bronchial wall temperature decreases and this Leads to a fall in air
temperature all along the bronchial tree.
An experimental evaluation of the mass transfer of water in the
lungs shows the possibility of a water exchange between the alveolar and
the bronchial parts of the Lung interstitium.
Cone Lusi on

So, this study has shown that an experimental approach together
with mathematical modelling can give answers to the physiological Laws
and processes involved with lung air conditioning under various environ
mental conditions.

NEW ASPECTS OF METHODOLOGY OF HYGIENIC EVALUATION OF
WEATHER CONDITIONS
Gavrilova, O.E.; Boshnyakovich, L.T.;
Ionov, Y.N.
Leningrad Zonal Scientific, Research and Design Institute of
Type and Experimental Designing of Dwelling and Public Buildings,
Leningrad, USSR

Introduction
A method will be discussed for hygienic evaluation of weather
conditions using criteria which allow for obtaining quantitative inform
ation on both the general and the local thermal influence of the environ
ment on man.
Characteristic features of non-thermal influence of weather
factors on the human body are also taken into account.

Basic principles for thermal influence on man
Let us consider the basic principles for estimation of the thermal
influence on man |5|.
Experimental studies of the heat exchange and heat
balance of man have shown that an optimum heat state of the body is
observed only under such conditions when the level of "dry" heat loss, q ,
is definitely part of the body heat production. This level of "dry"
heat loss is named "optimum heat flow", e.i. qopt"
It has been agreed
that the deviation q from the optimum level
' is the disturbed
heat optimum. Hence, reasonably high correlative relationships (<= 0,7-0,9)
between index values of the heat state of man and values of heat flow
deviation were revealed.
S.Y. Zarzhevskiy has used this finding as a basis
for the development of a quantitative criterion
(the so-called thermal
stress power Aq ) being used for general estimation of the environmental
thermal influence on man.
Elimination of the corrective influence of the
thermal regulation system on the heat flow level was a basic condition to
be fulfilled under the development of Aq . Only in such a case environ
mental influence on the heat state of man may be estimated adequately.
Elimination of the thermal regulation influence is attained only if, when
estimating q , the weighted average temperature of the human skin, ts,
corresponds mto its value under neutral thermal conditions (the thermal
regulation system does not in practice respond to these conditions). Thus,
the value of heat flow which is used to define Aq , will be a conventional
one, qcon, and is defined as

con

where

tg

t

t

s

- t

env.

is skin temperature,
is environmental temperature, i.e. a complex index
estimating integral influence of convention and
radiation factors of environment on the heat loss
of man in C,

I , is the clothing heat insulation in °C m /wt,
cl
'
I .
is heat insulation which is generated with an air
air
Layer adjacent to t^e clothed surface and bare parts
of the body in Cm /wt.
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where (11,6 + 0,55 M) is a statistic relationship for qOpt" based on
normal human physical activity, M, in wt/rr/.
It should be concluded that the optimum heat state of man and
his comfortable heat sensations are observed under conditions in which the
heat influence is estimated by a thermal stress power within the range (-5)
to (+5).wt/m2.
if the value of Aq is out of this range, it means a heat
discomfort;
signs + indicate cooling and heating action of the environ
ment, correspondingly.

Methodology
Let us now consider a methodology for estimating the influence of
weather conditions during cold periods of the year.
Conditions within the range (-5) to (-14) provoke a degree of
heat discomfort in man that does not really limit the time for his being
under those conditions.
This is connected with the fact that the human
body under the heat stress indicated is able to keep the heat equilibrium
by means of his thermal regulation system which is strained but without
functional disorder.
It is necessary to emphasize that after being under
these conditions and on returning into conditions of heat comfort, all
heat indices show stability of the human body.

2
In case of Aq <(-14)wt/m , one can observe practically continuous
growth of the heat deficit, the rate of this process depending directly on
the value of the thermal stress power. Naturally, man's possibilities to
live under such conditions must be limited because strong supercooling of
the human body may provoke irreversible reactions which are threatening
to health.
Considering cold weather conditions, it is further necessary to
take into account the fact that under extreme conditions some parts of the
human body may be frost-bitten significantly quicker than the general heat
state approaches the critical level.
It is advisable to use the Siple
index |3| together withAq to predict the length of exposure-time that
may be tolerated from the point of view of possible local affects.

In estimating the thermal influence of weather conditions on man,
it is necessary to consider specific (non-thermal) influences of such
weather factors as, for example, the wind velocity.
It is clearly
indicated that high wind velocity may be the cause of many functional
disturbances, including those at the biological chemistry level 11, 2L

Classification of cold weather conditions
A methodic approach founded on the laws of interaction of heat
in man with his environment and considering the influence of specific
weather factors, permitted the authors to develop a classification of
thermal influences based upon the degree and character of the discomfort
which man may experience under the influence of different weather conditions.

With this approach it was assumed that people would use clothes
corresponding to the season (I
= 3,0 - 3,5 for winter time) and move
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around with an average speed of 2,5 km/h corresponding to M = 140 wt/m
in winter.

Considering the above, weather of the cold period of the year
was divided into four classes:
1.

Rigorous weather; difficult to endure.
For man to live under
such conditions is either practically excluded or permitted
only for a short period of time (up to an hour), primarily
because of dangers of local cold affects on bare or non
protected parts of body or of cold trauma of the pulmonary
tissue. The simple index, as a basic criterion, was used
to define the limits of this class.

2.

Cold winter weather; conditions under which man may exist
at the maximum for one hour, chiefly, because of general heat
discomfort. The "thermal stress power" index was used to
define the upper limit of this class.

3.

Windy winter weather; the time for man's living under these
conditions is limited, chiefly, because of general heat dis
comfort generated with the specific (non-thermaI) influence
of wind on him. A wind velocity equal to 10 m/sec. was a
leading criterion for defining the limit of this class.

4.

Favourable winter weather; conditions under which man may
live for a long time, being kept under optimum state of heat
balance and experiencing comfortable heat sensations. The
index "thermal stress power" was used to define limits of
this class.

Conclusions

Thus, the complex determination of a number of environmental
factors which condition man's heat loss and form his state of heat balance
is the basis for the method suggested for hygienic estimation of weather
conditions. The possibility of a quantitative estimation of the influence
of these factors permits us to predict how the state of the heat balance
of man depends upon exposure-time and, consequently, also the length of
time that man may exist in the open air under various weather conditions.
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TEMPERATURE AT BIOLOGICALLY ACTIVE POINTS ON THE HUMAN BODY
AS INDICATION OF THE IMPACT OF SOLAR AND GEOPHYSICAL FACTORS

A.K. Galitsky, P.V. Vasilic, T.A. Radkevich, A.A. Popov, V.N. Mamaev
The Glushkov Institute of Cybernetics, Kiev, USSR

Introduction
Energy exchange is the basis for life of an organism. The rhythm
of the energy transformation determines the time operation of the bio
system at all hierarchy levels. The heat release from the surface of the
skin being one of the body's links with thermoregulation, is more intensive
at the points of acupuncture |2|. In this respect biologically active
points (BAP) can be used to determine the state of the thermoregulation
and the energy exchange of the organism. Studies of human skin BAPs with
biorhythmical aspects are important and particularly significant for the
prognostic and diagnostic evaluation of the human health condition.
Experiment method

Eight women and eleven men of middle age took part in the following
experiment. The body temperature as an integral index of the rhythm of
the organism's biosynthetic processes was selected as the parameter,
reflecting energy dynamics. The difference of the skin temperature at
symmetrical points on the left and the right sides of the body was measured
on a daily basis (at the same time from 20.00 - 01.00 h, except Saturdays
and Sundays). Points reflecting the dynamics in each meridian of the body
were chosen |2| as follows: for meridian I - 9LU, meridian II - 4L1,
meridian III - 42St, meridian IV - 3SP, meridian V - 7Ht, meridian VI - 4SI,
meridian VI - 64B1, meridian VIII - 6Ki, meridian IX - 7HC, meridian X - 4TH
meridian XI - 40GB, meridian XII - 3Liv.

Differential thermocouple sensors for measuring temperature were
used, the accuracy of which was 0.05°C. A subjective evaluation of the
organism's condition was carried out by the participants of the experiment
according to a 5-point scale: the highest number |5| corresponded to the
optimal (comfortable) condition, the lowest number |1| corresponded to
indisposition (discomfort). In addition, body weight, blood pressure, puls,
rate of breathing were measured. The experiment was carried out in
Kiev from 3.5 to 24.8.1984. The daily measurements of parameters were
averaged separately for men and women.

Some works |1, 3, 4, 5| have indicated the existence of a syn
chronising effect of natural electromagnetic factors on the human organism.
For this reason, the following physical environmental factors were
analysed: solar activity, expressed in Wolf numbers, the Sun's
radio emission in a number of ranges, the horizontal component of the
Earth's magnetic field, the interplanetary magnetic field, and the geo
magnetic activity index (K ). Also determined were: atmospheric pressure,
total precipitation, air temperature and relative humidity. As the power
spectra of the time series of the parameters were analysed and their
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derivatives were considered, the periods of the most pronounced rhythms
could be established. This paper gives an analysis of the differential
temperature dynamics in those meridians which reflect the condition of
the cardiovascular system (meridians V, IX).
Result of experiment
It appeared that in the spectra of the initial series of the
differential temperature changes in meridian IX, and both for the men
and women groups, the harmonic of a 45-day period was most pronounced
(Table). The same harmonic was found in the time series spectra of
the Sun's activity expressed in Wolf numbers.
Individual sections of
spectra structures of derivatives of the same data series were also
similar to the spectra of the Sun's activity.
For example, the harmonic
with the period of 12.86 days was found both in the spectra of derivative
series of the Sun's radio emission in the bands of 208 Mgc, 950 Mgc,
9500 Mgc and in the spectra of the derivatives of the differential
temperature change in the men's group.
Correspondence of the rhythmical
structures existed also for the spectra of the Sun's activity and differ
ential temperature in the point of 7Ht. The analysis of rhythms in the
dynamics of how people felt showed the existence of sex distinctions.
In men the most pronounced harmonic was with the period of 30.00, 12.86,
6.92 days, whereas in women the most pronounced were 30.00 and 18.00 days.
The comparison of the rhythmical structure of the power spectra of environ
mental factors and variations in how people felt has shown some similarity.
For example, the harmonic of 30.00 days has been detected both in the
spectra of polarity in the interplanetary magnetic field and in changes
of the conditions of both sex groups being tested. The rhythm of 12.86
days (which is typical for men) was also found in the Sun's radio emission
in the bands of 208 Mgc, 950 Mgc, 9500 Mgc. The component of 18.00 days
(power spectra, which is typical for women) also exists in the spectra of
the Sun's activity component in Wolf numbers and in the Sun's radio emission
in the bands of 950 Mgc, 2950 Mgc, 9200 Mgc.
It is of interest to note,
that there is synchronicity between the changes in polarity of the inter
planetary magnetic field and the derivative of differential temperature
changes in the symmetrically situated bioactive points (Figure). A
positive meaning of the derivative corresponds to a positive polarity,
i.e. to the direction of the interplanetary field from the Sun, whereas a
negative meaning of the derivative corresponds to the negative polarity
(to the direction of the interplanetary field to the Sun).

Conelusi ons

Almost periodic several days fluctuations of temperature in BAP
have been established.
Sex and age differences exist in the detected
rhythms. The several days rhythms seem to be synchronized with solar
activity through electromagnetic factors.
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3.05.84
Figure 1:

a)
b)
c)

d)

100

1.07

1.08

Derivatives of initial series of
solar activity in Wolf sunspot numbers;
interplanetary magnetic field polarity "+" corresponds
to the field direction from the Sun,
to the Sun;
differential temperature in symmetrical points of 7Ht
(Shen-men) of men;
differential temperature in symmetrical points of 7Ht
(Shen-men) of women.
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CLIMATIC CONDITIONS OF MAN'S THERMAL STATE IN
INTERMOUNTAIN HOLLOWS OF SOUTHERN EAST SIBERIA

L.B. BashaIkhanova, I.A. Bashalkhanov
Institute of Geography, Siberian Branch
of the USSR Academy of Sciences, Novosibirsk, USSR

Climate of the Siberian mountain-taiga territory is being studied
in connection with the problem of migrants' adaptation to new natural
conditions, as local labour forces are to a large extent formed by migrants
from other regions of the country.
In particular these studies aim at the
determination of those territories where climatic conditions are suitable
for permanent living of the arrived population.

Climate in intermountain hollows
Studies of the meso-climate of hollows have revealed that it is
formed through a complex interaction of circulation and radiative factors
with the properties of the underlying surface.
In the Baikal hollow, for
example, the impact of the water masses of the lake causes the formation
of a low pressure area in winter and a local anticyclonic one in summer
(Krotova, Loot, 1966).
During the winter period hollows that are not
filled with water are characterized by the inflow and accumulation of cold
air.
In deeply dissected hollows, such as Chara and Tuva, the thickness
of inversions may reach 1500-3000 m (Karausheva, 1977).
Air exchange with
the surroundings is disturbed, recurrence of calm periods is high, the
period with low average daily temperatures (below - 30 C up to 60 days)
may be very long.
The thickness of the ground inversions decreases with
limited orographic dissection.
During the warm period and under the
influence of a vast low pressure system the intense heating of the undeirlying surface of the hollow bottoms increases the circulation within the
hollow.
Thus, an underlying surface of dry or water-filled hollows forms
opposite local barometric pressure systems.

The radiative regime of intermountain hollows is different.
The values of radiation balance range from 1050 to 2100 MJ/m and year
depending upon the influence of location, altitude, latitude, cloudiness
and properties of the underlying surface (albedo, existence of slopes
of different steepness and exposure).
Correspondingly, the differences
in amount of heat used for evaporation and turbulent heat exchange
determine the characteristics of the thermal regime of the hollows.
The given characteristies of climates in the hollows may be used
as a basis for their classification (as a graph-tree).
In the first
approximation one may judge about the climate of hollows, located in
the mountains of Southern Siberia, by means of morphometric features, sums
of temperatures and properties of underlying surface.

Weather in hollows
The effect of climatic conditions on man's thermal state is
being studied in different space-time scales.
It can be characterized by
complex indices, such as the wind speed/cold index, normal-equivalent
effective temperature, or by V.I. Rusanov's classification of synoptic
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weather (1973). An estimate of the integral recreational climate
resources was carried out by combining all classes of synoptic weather
into four groups: optimum, satisfactory, unsatisfactory and extremely
unsatisfactory. These four groups include classes of weather character
ized by respectively weak, middle and strong functional stress of man's
thermoregulation system.
Since the comfort range for the healthy man is
wider, the period of optimum and satisfactory weather can be considered
suitable for tourism. Unsatisfactory weather conditions, including all
cloudy and very frosty days, determine the duration of the period when
a healthy person will feel discomfort and a sick person phenomena of
meteopathy. Existence of extremely unsatisfactory weather serves as a
warning about possible cancellation of all outdoor sport-sanitation and
therapeutic measures.
Hollows for which a large amount of observation data are avail
able were divided into regions by a detailed analysis of the distribution
of the complex indices.
In the different regions the structure of
weather at a certain moment was considered in the seasonal and daily
regimes. As a general feature, the studied hollows were shown to be
under the influence of the Asian anticyclone in winter.
Increase of
the radiative cooling, the gravitational flow and accumulation of cold
air in the hollow bottoms, as well as the increase of atmospheric pressure
and formation of thick inversions are important features which determine
man's vital activity. The rare occurrence of cloudy weather and the
sharp increase of severe weather phenomena in the night and morning hours
are characteristic features of the winter weather regime in the majority
of hollows. Considering the conditions stipulated for man's thermal
state in dissected hollows, December-January are characterized by high
(80-60%) recurrence of very severe weathers. On the Middle and Northern
Baikal coast their occurrence before the freezing of the Lake is mainly
caused by wind conditions that are the result of the formation of thermal
depressions.

In the transitional seasons the conditions for man's vital
activity are influenced by changes of the barometric pressure field
Leading to disturbed weather. These periods may involve all classes of
weather from moderately up to severely cold days with small differences
in their recurrence.

In summer as the hollow is situated in an area under the influence
of a barometric depression effect, the different degree of heating the
underlying surface gives rise to the development of Local circulation
phenomena. The conditions for man's thermal state are determined prima
rily by the comfort of moderately cold weather. On the Baikal coast the
cooling effect of the water masses of the Lake increases the occurrence
of cool weather.

An analysis of the complex climatic conditions for the activity
of man makes it possible to get an idea of the recreational resources of
the hollow climate. By calculating the duration of different weather
classes it was shown that 30% of aLL cases of unsatisfactory weather was
caused by the severity of winter conditions in very dissected hollows,
and by higher occurrence of cloudy weather in Less dissected hollows (see
Table).
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Cluster analysis of climate in hollows

The effects of meteorological factors on man's thermal state
which have been brought forward above considerably complicate a definite
analysis of the bioclimatic conditions. Additional influence of a
number of factors and processes involved with man's thermal state and
his adaptation further complicate the picture.
Therefore, we grouped the data of the meteorological stations
in the studied hollows and their environment by cluster-analysis. The
choice of meteorological stations and the attributes characterizing
the climatic conditions of the sites was made according to available
information, knowledge of direct and indirect effect of climate on man's
vital activity and the different levels of information existing for each
hollow.

The study of all these conditions in each hollow on the basis
of its physico-geographic features and the determination of the station
position in the cluster-diagram can be used in an analysis of the main
factors and of the increase of their influence on the "rarity" effect in
the groups formed.
In the clustei—diagram it is represented by the growth
of the average values of the group ordinates with the increase in altitude
of the station location.
Thus, a joint analysis of the results obtained by the methods
and procedures of complex climatology may reveal the conditions for
man's activity in the hollows.
It shows that inside the Large hollows
there exist areas with different conditions of heat available for man's
organism due to a redistribution of heat and moisture caused by character
istics of the local circulation. The degree of unfavourable effects of
the bioclimate in hollows on man's health grows with the decrease of their
size and the increase of hollow dissection.
This fact can Lead to dis
turbances and complications for the adaptation processes for the migrating
population. Account of all these factors allows singling out the most
favourable areas.
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Table
Duration of weather
*
groups (13 hours) and structure
of optimality index (P
**
= P + P )
A

Bottom
altitude

Hollows

(m)

Duration of weather
groups (days)

I

II

III

IV

PT

px

Minusinsk

200-350

164

123

74/1

4

0.26

0.19

Tunka

700-750

151

128

84/4

2

0.26

0.15

Nazarovo

200-250

79

112

159/17 15

0.13

0.09

Tuva

500-700

140

130

92/29

3

0.27

0.12

Barguzin

450-550

109

157

91/29

9

0.21

0.08

Upper-Angara

450-500

115

142

105/17

3

0.21

0.11

South Baikal

450-480

171

115

79/0

0

0.18

0.29

Middle Baikal

450-480

104

182

66/5

13

0.15

0.13

North Baikal

450-480

81

165

103/5

16

0.10

0.12

Muya

460-600

133

140

92/28

0

0.22

0.14

Chara

630-750

130

136

99/30

0

0.21

0.15

Bai kal

* Weather groups:

** P P

I - optimum, II - satisfactory,
III - unsatisfactory (the number of days with
weathers of class II is given in denominator),
IV - extremely unsatisfactory.

optimality index determined as the ratio of optimum weather
duration to the number of days in the year;

and P

A

-

its values for the warm and cold periods.

TOPIC 5:

THE VALUE OF METEOROLOGICAL FORECASTING FOR

MEDICAL PURPOSES

BIOMETEOROLOGICAL WARNING SYSTEM FOR MUNICIPAL TRAFFIC SAFETY
Maria Baranowska and Barbara Gabryl-Wojtach
Department of Climatology
Institute of Meteorology and Water Management
Warsaw, Podlesna 61, 01-673 Poland

Biometeorological Warnings Content

The potential recipients of biometeorological warnings would be those
interested in weather effects on traffic conditions and in the Number of Road
Collisions and Accidents (NCA), e.g., professional drivers and institutions
responsible for traffic safety. The warnings are based on levels of traffic
risk and safety resulting from all meteorological determinants and the quality
of meteorotropism, that is the symptoms of psychophysical performance
disturbances affected by different biometeorological factors.
It is assumed
that the information is short, essential and comprehensive for the recipients.
The number of daily road collisions and accidents which have occurred
in Warsaw's public transport collected over a period of eight years
(1970-1977) constitutes the data base for the study.
"Risk" is defined as the
probability of a "dangerous day" ("D") or "very dangerous day" ("VD").
"Chance" is defined as the probability of a "safe day" ("S") or "very safe
day" ("VS"). These characteristics are defined as follows :

x - 1.5G\,

VS

S < x - 0.5(T,

D>x + 0.5(T,

VD >• x

+ 1.56"

where x and 6"are respectively NCA monthly mean and standard deviation.
Within short periods, NCA is normally distributed so that the above-mentioned
criteria constitute normal distribution quintiles of orders, respectively:
0.0668, 0.3084, 0.6914 and 0.9335.
It is also a method to determine long-term
extrameteorological fluctuations shown in Fig. 1.

NCA
10

5

Fig. 1.

Mean monthly values of daily Number of road Collisions and Accidents
(NCA) in Warsaw in the period 1970-1986.
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Psychophysical performance disturbances such as somnolence (sleepiness
or drowsiness), sleep disturbance, lassitude (fatigue, prostration), increase
in sensitivity to pain, irritability, nervousness and attenuation of
concentration are adapted from biometeorological determinants sets established
by Ungeheuor-Brezovsky, Becker and Daubert (Amelung, 1962; Assman, 1963;
Kugler, 1972). Other weather meteorotropic symptoms such as human reaction
time prolongation and disturbances are also taken into account (Reiter, 1960;
Maczynski, 1972).

Method to Determine Meteorological Factors Affecting the State of the
Road and Visibility

No relation was found between NCA and fog duration and occurrence, but
a very strong correlation was established with the duration of rain.
In order
to determine this factor, all samples have been divided into groups of days
with and without rainfall. Dangerous and safe days were defined by quintiles
of 0.20 and 0.80 orders, respectively as "S20% for a safe day and D20% for a
dangerous day, estimated separately in these two groups for each season
(Baranowska, Gabryl-Wojtach, 1985).
Simultaneously, road state-visibility condition's have been classified
into 7 classes depending on rain and snow duration and occurrence of wind at
10 m/s and other meteorological phenomena. The hypothesis that risk and
safety fluctuations in different synoptic situations are due only to the
occurrence of these road state-visibility conditions has been verified by the
chi-square independence test.

Biometeorological Determinants
Eleven typical synoptic situations for Poland were defined based on
synoptic charts at sea level (Baranowska, 1975) and constitute the main frame
of the warning system. They are as follows: 1.0L - weak gradient in area of
low pressure, 2.Lm - edge of a low pressure system with the centre located
outside the area of 0-35°E and 45-60°N, 3.L - cyclon with centre located
outside the above-mentioned area, 4.LP - cyclon with centre passing over
Poland, or low in a forming stage over the country, 5.THh - cyclonic
disturbances (or a through) at high levels, 6.TH - through, 7.RC - ridge
after a cold front, 8.Oh - weak gradient area of high pressure, 9.H anticyclon, 10.L/H - gradual change from cyclonic to antycyclonic pattern,
ll.H/L - slow change from anticyclonic to cyclonical pattern.
Cyclonic situations are also characterized by the passage of
atmospherical fronts: warm (including warm occlusion and cyclonic warm
sector), cold fronts (including cold occlusion), stationary fronts and cases
of days with a passage of more than two fronts within 24 hours. Relative to
24-hours air pressure, water vapour pressure and temperature changes caused by
fronts passage, the above-mentioned cases are classified into weak or strong
ones.
Synoptic patterns are characterized by two-dimensional environment
characteristic distributions. Daily totals of global radiation (K ),
effective temperatures (Tef) (Missenard, 1933) and oxygen content in the
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air, i.e., oxygen's density (Oz) (Ovcarova, 1974 and Gocek, 1973) taken at
12:00 GMT for Warsaw, and day-to-day changes of these values (DTer, D02,
DK ) were quantified by the quintiles of these same orders, as in NCA, as
classes :

Qo

0 6 68

Qo.

3084

Qo.

6914

:

-2
-1

Qo.
Qo.

0 6 68

0

Qo.

6 9 14

+1
+2

Qo.
Qo.

9 3 3 5

3 0 84

9 3 3 5

These have been estimated experimentally with x and
standing for
Tef and 02 and by order statistics for the others (Figure 2, Table 1).
According to time variability of Ter, 02, K , DTef, D02, DK
probability distributions, the following time series were constructed: nonade
(ten consecutive days) for Tef and 02 and K , seasons for others. Two
periods of ten years (1966-1975 and 1961-1970) meteorological data was taken
into account to establish quintiles defining normal interval - class "0" and
its extremities (+1, +2) (Baranowska, Gabryl-Wojtach, 1981).

Fig. 2.

Seasonal variability of effective temperature (Tef>calculated at 12°° GM
for Warszawa-Okçcie and quintiles estimating normal interval "o" and its
deviations "+1"z "+2".

Season

$0.0668

$0.3084

$0.6914

$0.9335

«/■3
spring
summer
autumn
winter

Tab. 1.

-7.2
-6.a
-6.9
-7.2

-1.5
-1.5
-2.0
-2.0

2.2
2.0
1.7
2.1

6.9
5.2
5.7
6.7

Variability of day-to-day changes of oxygen content in the air
(DO2 calculated at 12°° GMT for Warszawa-Okçcie quintiles estimating
normal interval and its variations.
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The dependence of synoptic situations on two-dimensional environmental
distributions (Tef.<\ 02, Tef A Kl, k|/^ 02, DTef
D02,..etc.)
have been examined by the chi-square independence test. The results are
presented in Figure 3.

Fig. 3.

The most dependent two-dimensional environment characteristics of
seasonal and short-term variability for synoptic patterns. +z statistically significant higher or lower occurrence.

Meteorotropic NCA Determinants
The number of accidents increases significantly in all cyclonic
patterns, where strong warm and cold fronts differentiate NCA the best,
independent of in-road visibility conditions (Figure 4). Rapid and extreme
day-to-day environmental changes, as a meteorotropic factor, are also
significant within cyclonic situations, ridge after a cold front (cold
stimulating environment and extreme, bright oscilating sunshine) and in
transitional patterns (L/H, H/L).

Fig. 4.

Classes +2,

0 are estimated as for environmental characteristics.

a) days without fronts passage
b) days with passage of weak fronts of any type
c) days with passage of strong warm fronts
d) days with passage of strong cold fronts
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Extreme seasonal environmental characteristics are evident in weak
gradient areas of low pressure (warm hypoxy) and high pressure (cold hypoxy)
and when a low pressure pattern persists over Poland (cold hyperoxy and warm
hypoxy) (Table 2).

Risk that day will
bat

Synoptic
situation

"D"

0,
L1
L®

0?

□
♦
♦
0
♦
0,+
0

n
L/H
H/L

0
♦

L
T®h
Tn

Table 2.

Chance that day will
bet

"VD"

"
*
"D20

"3"

«■
•

0,-

♦

*
♦
0
*

0.
*
«■

♦,0
♦
♦
*
0,
*
0,
WB

♦
♦
■«
«

0
0

0,+

0,0
0
♦
♦
0
0

0
0,
*
♦
♦
♦
0

♦
♦

♦

"V3"

"S20%"
0
0,*
•
*

Significant accidenta in
creases of probable aeteorotropic origin due to:

A

B

C

♦
♦

+

♦
♦
♦

♦
0,
*
♦
0
0

♦
♦

♦

Biometerological determinants related to road collisions and
accidents

extreme season deviations of environment characteristics
extreme states of day to day environment changes
biosynoptic factors
random risk or chance, + - significantly greater "risk" or
"chance"
- = significantly smaller "risk" or "chance"

A
B
C
0

=
=
=
=

Formulation of Daily Biometeorological Warnings
Based on biometeorogical warnings related to the Warsaw traffic
system (Baranowska, 1975, 1979), expected biometeorological conditions could
be evaluated as favourable, neutral or unfavourable. Different transitional
descriptions of these three categories were also used.
The resulted presented in this paper are based on an experimental
study. However, the intention is to implement this scheme of
biometeorological warnings into operational practice in 1988. The plan is to
improve the present evaluation of symptoms of psychophysical performance
disturbances with information on the significance of measures of traffic
"risk" or "safety".
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HOMEOKINES IN WEATHER HYPOXY AND HYPEROXY

V. F. Ovcharova
Central Scientific Research Institute of
Meteotherapy and Physiotherapy
Ministry of Public Health of the USSR, Moscow,
USSR

ABSTRACT

A hitherto unknown phenomenon of "abiogenous change" of the absolute
amount of oxygen in the atmospheric layer above the earth of various climatic
and geographical areas has been,ascertained, which occurs during the formation
of areas of low (cyclone, trough) and high (anticyclone, ridge) atmospheric
pressure. This allows us to determine and forecast the space-time
redistribution of areas with low (weather hypoxy) and high (weather hyperoxy)
absolute amount of oxygen in the air.
Compensatory integral displacements (homeokines) in plastic constants
and in variable quantities of the inner medium of the organism comprising
homeostasis have been studied. Displacements of a physiological nature under
moderate weather hypoxia and hyperoxiaand changes of pathological character in
case of pronounced ones have been revealed.
Conjugated analysis of synoptic and meteorological conditions and
clinical and physiological data collected as a result of many years'
experience allowed a medical classification of weather condition to be worked
out as well as to introduce a new method of automatic processing of formalized
synoptic and meteorological information and its expert assessment for medical
weather forecasting.

DEVELOPMENT OF A MODEL OF BIOMETEOROLOGICAL AND HELIOGEOPHYSICAL FORECASTING
IN THE CZECH SOCIALIST REPUBLIC

J. Dykast
Hydrometeorological Institute
Usti nad Labem Office
Holeckova 8, 151 29 Prague 5 - Smichov, Czechoslovakia

INTRODUCTION

In health care the world over there are trends to emphasize the
prevention of diseases, with the support of scientific knowledge gained in the
fields of human physiology, biomedicine, bioclimatology, etc., which have
recorded marked advances, especially so over the past twenty years.

Parallel with these developments in medical sciences, there is a
noticeable shift in the rate of some diseases occurrence towards those
illnesses which are related to higher sensitivity of the human organisms to
weather and its changes. This phenomenon of meteorosensibility is the subject
of a research project of the Czech Hydrometeorological Institute entitled
Biometeorological and Heliogeophysical Forecasting for the Needs of Complex
Therapy of Cardiovascular Diseases. The project was terminated in 1985 by the
implementation of its first stage, the Regional Experiment for West Bohemia
(Dykast, 1985).

REVIEW OF A BIOCLIMATOLOGICAL FORECASTING PROJECT
The objective of the abovementioned project was to construct a model
usable for biometeorological and heliogeophysical forecasting in medical
practice. Based on available biometeorological research results, a
forecasting model was set up, and its testing in medical practice started. At
the same time basic biometeorological research is being conducted aimed at
finding out in detail how selected physical and other exogeneous factors
affect man. These investigations require not only quantifjcation of the
environmental factors and the responses in the organism triggered by them, but
also observation of mutual time relations (the synchronization effect).

Medical data on the occurrence of the first, subjective complaints of
patients with indicated acute myocardial infarction have been obtained from
164 clinics in the Czech Socialist Republic. Monitoring of patients and
registration of their state of health was started in early 1982, and will
finish in 1986. To date, medical information has been collected on more than
20,000 patients living in this region. The data are supplied with an accuracy
of one hour or sometimes one minute (Kveton, 1986).

Synoptic observations from stations in our Republic provide
meteorological characteristics at times enabling simple correlation analysis.
Care is taken that the supplying meteorological station is located as near as
possible to the clinic conducting these investigations.
This serves to
minimize the errors caused by local differences in weather, and/or by the
micro- and mezo-climatic peculiarities of the area. Geophysical and
heliophysical data, again with correspondingly accurate time data, are also
provided for the project by the geophysical and astronomical institutes of the
Czechoslovak Academy of Sciences.
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When selecting the physical factors to be monitored we saw to it that
they be quantifiable and also predictable with an adequate degree of
probability for at least 36 hours in advance (short-term biometeorological and
heliogeophysical forecasting).

For illustration purposes, we are presenting here some basic ideas of
such a biometeorological forecasting model, which is currently being tested at
the institute (Dykast, 1985).
In its initial version, the model comprises seven groups of monitored
physical environmental factors which include meteorological and some
heliogeophysical factors.

The seventh group of the model's monitored factors allows for
prediction of air pollution in terms of exceeded predetermined concentration
of sulphur dioxide, and for the occurrence of surface and elevated (up to one
kilometer) temperature inversions.
Based on the model, forecasting of the risk situation to human health
is relatively simple. Any single group factor (each containing 3 to 5
monitored characteristics) scores a certain number of points depending upon
the monitored characteristics. The scores attained by all seven groups are
finally added up, and the biometeorological forecast is verbally expressed in
terms of a five-notch classification scale in the following way:

Sum of scores of all seven groups :

0 or 1
2
3
4
5

point
points
points
points
points and more

—
—
—
—
-

no-risk situation
indifferent, unclassified situation
moderate risk situation
substantial risk situation
extreme risk situation

This final evaluation of the risk situation is supplied to medical
personnel and institutions. At this stage biometeorological forecasts are not
intended to be publicized.
CONCLUSION - POSSIBILITIES AND STATE-OF-THE-ART OF BIOMETEOROLOGICAL
FORECASTING IN THE CSR

Routine biometeorological forecasting is being prepared and
incorporated in the daily meteorological forecasts issued by the Czech
Hydrometeorological Institute; not, however, for the information of the
general public. For the time being, only medical institutions receive these
forecasts. When sufficient experience has been gained with this type of
forecasting, dissemination of uncoded information for the general public will
be contemplated. This step will, however, require effective help on the part
of civic medical education, assisting to explain the monitored aspects,
objectives and usability of such prognoses.
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TOPIC 6:

SOCIAL AND ECONOMIC VALUE OF APPLIED HUMAN HEALTH
CLIMATOLOGY

TOPIC 7:

CLIMATIC ASPECTS OH HUMAN HEALTH AND PLANNING
ACTIVITIES (BUILDING, HUMAN SETTLEMENTS, REGIONAL
LAND-USE, TOURISM AND RECREATION)

CLIMATIC FACTORS IN PROPHYLAXIS, TREATMENT AND REHABILITATION

V.G. Boksha
Yalta Sechenov Research Institute of Physical Treatment
and Medical Climatology, USSR

Introduction

Physical natural factors for treatment and sanitation are widely
used in Soviet medicine to promote the principle of prophylaxis. Among
these factors climatic influences play an important role.
Yalta Sechenov
Research Institute has brought forward the following definition of
climatic therapy:
"Climatic therapy includes the use of various meteo
rological factors, local climatic peculiarities and special climatic
influences for treatment and prophylaxis".
Health resorts have the
widest resources for application of effective climatic influences on
health. The climatic factors may serve as a basis for other methods of
health resort treatment but as independent medical procedures as well.
The climatic therapy origin is closely connected with the evolu
tion of man. Man has gradually adapted himself to environmental influences
and as a result various regulative mechanisms were produced in the human
body.
From this we can draw the conclusion that use of climatic factors
as a means of stimulating vital activity in the human body is biologically
based.
Here lies a principal difference between climatic therapy and many
other methods of treatment.
In climate therapy we find a possibility for
applying what is most natural for the human body.
The cIimatotherapeutic effect shows itself in human body responses
to the influence of environment factors. There are many different such
factors:
change of climatic regions (at the health resorts), weather condi
tions, specially dosed climatic influences (climatotherapeutic procedures).
The final physiological effect is expressed as a sum of the different kinds
of reactions, i.e it depends both on the influencing agent type and on the
character of reaction of the human body.

The physical and chemical composition of climatic factors are
very complex.
As a result, they have an influence on the whole human body
and promote the development of reactions which are typical for specific
shifts of the climatic factors.
Analysis of the climatotherapy-provoked diversiform shifts made
it possible to show how the trends of physiological changes are influenced
by the different climatotherapeutic methods.
Such data then became the
base for the understanding of the action of non-specific climatic factors.
Such physiological shifts also promote the resistance increase of the
human body, i.e. its resistance to environmentally unfavourable influence.
This effect is explained by the development of body reactions at different
levels.

Body reactions to climatic factors
The first group of reactions includes changes in the stage of
the thermoadaptative mechanisms.
As changes for the better of climatotherapy thermoadaptative indices were noted more and more often and as
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catarrhal diseases occurred more seldom, even without special climatic
procedures, one speaks of increased training of the thermoadaptative
reactions.

The second group of reactions is characterized by normalization
of metabolic disorders. This implies that the level of metabolic
processes becomes the most favourable for vital activity of the human
body. These reactions also promote the oxygen consumption increase,
improve tissue oxidizing processes, normalize lipid and albuminous
metabolism and hepatic metabolism, stimulates adrenal gland context
and help rehabilitation of conjunctive tissue metabolism.
So, climatotherapy is regarded here as a direct metabolic change method and as a
natural oxygenotherapy.

The third group of reactions consists of specific and non
specific reactivity changes of the human body such as general immuno
logical reactivity and increase of leucocyte phagocytic activity, lowering
of human body sensibilization, etc. The last group of reactions restores
and improves the function of different organs and systems by means of
metabolic processes and body reactivity normalization.

Rehabilitation of the human body through climate treatment
These reactions allow us to arrive at the conclusions that therapy
through climatic influences is very important in the functional rehabilita
tion of the human body. Numerous data concerning improvement of different
human body physiological systems have been collected.
Improvement of
respiratory function for instance was observed in 45-80%.
All parts of
this system were ameliorated: as a result of the decrease of the ventila
tion volume, lessening of tension on functional reserves and of respiration
volume, the oxygen use coefficient increased.
In addition, ventilatory
function quality and bronchial permeability were improved when the oxygen
tension in alveolar air had been risen. This also led to better oxido
reduction in tissues.
Similar reformation of compensating factors in
the circulation system was noted (systolic and minute blood volume
increase, heart rate decrease and so on). Electroencephalography and other
methods showed the improvement of the central nerve system and its regul
ative role.
That led also to change for better of other systems.
Manifestation of positive results depends on the extent of
climatic influences.
Improvement of the respiratory functions in patients
with Lung pathology without any special climatic treatment was observed
in 43-53%; after airotherapy,
in 66%; after thalassotherapy,
in 77-82%.
An important result was that the number of patients with worsening of
respiratory function was reduced from 19% to 2%. This proves the pro
phylactic effect of cLimatotherapy. After health resort and climate
treatment the number of patients with lung pathology and normal respira
tory functions was almost doubled (from 20% to 36%), the number of
patients with II-III degree respiratory insufficiency was reduced one
and a half time (from 34% to22%). The period of respiratory function
rehabilitation after lung surgery was reduced to one half.
Rehabilita
tion of destroyed functions can be achieved with the help of better and
more economic mechanisms of compensation stimulation.
High energetic
expenditures during compensation (hyperventilation) are replaced for
instance by more economic mechanisms (oxygen utilization improvement).
As a result,more effective functional systems are developed and the
providing of the human body with oxygen is increased.
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Strengthening of physiological systems through climotherapy

A specific side of influence of climatic therapy consists in
strengthening the reactions of the physiological systems such as the
thermoadaptative system (during airotherapy), the sympatoadrenaLic
neurohumoral regulation system (during heliotherapy), etc. Both the
points of application of climatic treatment and the human body responses
may be different. The final, combined effect of the influence of
climatic factors, the human body resistance and the improvement of all
systems function is non-specific.
In other words, a non-specific
effect is obtained by the influence of specific climatic treatments.
The respiratory function improvement as a total specific effect may be
realized by specific reactions on cellular and tissue levels.
Airo
therapy improves the gas transport during respiration and the glycolosis
processes;
thalassotherapy helps to reduce insufficient oxidation
products in the human body and to improve the tricarbon-acidic cycle;
heliotherapy reduces insufficient oxidation products, etc. Hence,
climatic treatment helps the normalization and improvement of oxidizing
processes, but the human body reactions to different methods of climatic
treatment are quite different. The more specific reactions are obtained
in climatic treatment, the more positive is the total reaction to be
observed.
For instance, normalization and improvement of oxidizing
processes have been observed during thalassotherapy in 54,6% of cases,
during airotherapy in 49,0% and during heliotherapy in 28,7%.

Ultraviolet radiation (UVR) has an uninflammatory action on
lung diseases. On the cellular level this non-specific effect is
connected with specific implications - inhibition of the cells injury
of the phagocytic-lymphoid system, lysosomal membranes stabilization and intensified biosynthesis.
UVR influence-induced changes can be very
specific as may be shown by comparison with the effect of ultrasound.
In the latter case, the clinical effect is linked with macrophages and
segmentonucLear neutrophylocytes destruction, hydrolytic enzymes release
lung sanation and drainage function improvement. The non-specific UVR
action on body and organs may be demonstrated by specific cellular and
sub-cellular variations in tissues.
One of the most important effects of climatic factors is their
influence on the pathogenesis of development.
For example, the main
pathophysiological processes in chronic, non-specific pulmonary diseases
are disturbance of the immune system and the oxidating processes,
distabi lization of cell membranes, as well as changes in circulation,
thermoadaptative mechanisms and respiratory function.
In such cases
the influence of all climatic factors is directed to improvement of
these functions.
Medical rehabilitation programmes

Treatment through climatic factors may also be the means of
functional rehabilitation. Therefore it is necessary to include them
into medical rehabilitation programmes as early as possible. As results
of investigations by Yalta Sechenov Research Institute scientists show,
the climatic treatment is very effective in the early period after a
rheumatic attack. According to the result of a 2-year control project,
the process continued in only 8% of the main group patients but in 26%
of control group patients.
Relapse of the disease was observed in 4%
and 32% respectively. Heart diseases increased in 3% and 12% of patients
respectively (I.F. Ostapchuk).
It was also proved that climatic
treatment was very effective in patients with cerebral atherosclerosis
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after transient cerebral circulation disturbances and with virous
encephalitis in the early period of rehabilitation (3-4 months after
acute period of the disease) (V.A. Ezhova, L.A. Kunitzina, etc.).
Health resort treatment
The possibility and usefulness of rehabilitation of patients
in new climatic conditions for 5-10 months after myocardial infarction
(removal from Kiev to Yalta) was demonstrated. Before early health
resort treatment had been considered contra-indicated in many such
cases. Patients with bronchiectasis were also reputed as contra
indicated for climatic treatment. However, after airotherapy and
thalassotherapy positive results were reached in 95% and respiratory
function was improved in 72% of patients (S.B. Sokolov, etc.).
The results show that stable remission and process activity
reduction are reached after wide use of climatotherapeutic methods.
After such use there were no catarrhal diseases in respectively 50 and
27% of patients with chronic, non-specific lung diseases.
In a year
after health resort treatment stable remission took place in 40,5% and
26% of patients while activization of the process was marked in respect
ively 13 and 24%. The results of climatic treatment show improvement
in 84% of patients with bronchiectasis and in 52% of the control group
patients. After climatic influences the number of disability days of
patients with lung pathology was reduced 2-6 times; with early cerebral
atherosclerosis, 2-2,5%; with hypertension and after myocardial
infarction, twice, etc.

As reproduction of labour resources are promoted, the use of
climatic factors for rehabilitation is very important from the social
and economic points of view. It is indeed desirable to transform
climatic health resorts and sanatoria into real rehabilitation centres.

PROCESSES OF ADAPTATION DURING HEALTH RESORT TREATMENT
V.F. Boksha, G.D. Latyshev
Yalta Sechenov Research Institute of Physical
Therapy and Medical Climatology, USSR

Introduction
Health resort adaptation has several aims:
it is necessary to
obtain body adaptation not only to new natural (climatic features,
weather, light regime) and social environmental conditions but also to
special medical measures (climatic treatment, etc.). Under these circums
tances the loading on the adaptative mechanisms is increasing and dis
adaptation or lowering of immediate and distant results of health resort
treatment and rest can be provoked.
Consequently being at the health
resort may be regarded as a stress. Moreover, the change of climate may
be considered an "acute stress" which is added to the "chronic stress"
(available disease). So it is very important to study regularity and
different aspects of adaptation during health resort therapy.
Many patients feel better from the first days of their being at
the health resort (favourable adaptation).
For example, syndrom of
cardiac pain was marked in 85% of patients with hypertension in the first
day of their being at the health resort, but this syndrom disappeared
mostly by the sixth day. In patients with chronic, non-specific lung
diseases various subjective complaints were observed in 60,4% of cases,
but they vanished mostly after nine days.
The decrease and disappearance
of the complaints indicate definitely the degree of adaptation and the
time of their complete disappearance defines the duration of the adaptation
period.
In patients with chronic, non-specific lung diseases the adapta
tion of the physiological systems requires various periods:
in the
sympato-adrenic system and external breathing it last 7-14 days, in the
thermoadaptative system 7-10 days, in the circulation system 5-8 days,
on the cellular level (index of perioxidase rise) 6-15 days.
For patients
with chronic, non-specific lung diseases from the North of our country
(without zone time change) adaptation lasts from 5 to 9 days, for patients
from the South it lasts 3-5 days and for patients from the East of the
country (with zone time change) 13-15 days.
Negative (disadaptative) reactions may be observed during the
first days of treatment as well. They manifest themselves in subject
ive changes (complaints) or in variations in different body function
indices. Generally these reactions are connected with pathogenetic
mechanisms of disease development (short breath, asphyxia, broncho
constriction, lung vital capacity and maximal ventilation decrease,
pneumotachometry, etc. in patients with pulmonary diseases and tachycardia;
cardiac pain, high blood pressure, ECG worsening in patients with cardio
vascular diseases).
In such cases the culmination of the adaptative
process is delayed (relatively favourable adaptation).

Disadaptation

In the period of acclimatization negative reactions may
produce deeper disturbances of some body functions and awake new patho
logic symptoms (negative or unfavourable acclimatization). The term
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"disadaptation" may be used for this process. It indicates serious
disharmony between important morphofunctional characteristics of the
human organism during adaptation.

Frequency, expressiveness and duration of disadaptation depend
on the character and peculiarities of the disease, patient's age, the
contrast of climatic districts change, various factors of season and
weather.
In patients with the first stage of chronic non-specific lung
disease disadaptative reactions were noticed in 50% of the cases and
decreased twice during 6 days.
In the third stage of this disease
disadaptation was found in 90% of the cases and its duration was 11 days.
Patients with stable nerve system had disadaptative reactions twice more
seldom than patients with functional disorders of their central nerve
system (38% and 69% accordingly).
Patients with normal respiratory
functions had such disadaptative reactions - three times Less often than
patients with second stage of respiratory failure (20% and 61%). Blood
neutrophile peroxidase activity increase was used as the adaptative
index.
In patients of 18-35 it was found by 6-7th day, in patients of
36-50 by 14—15th day.
Negative reactions usually appear in winter .and spring, but
they appear very seldom in autumn. Non-periodic atmospheric disturbances
are very important too. Unfavourable weather during the first days of
a health resort treatment makes the disadaptative reactions longer and
more frequent and prolong the period of adaptation.
In summary, there are three types of disadaptative reactions:
subjective changes, clinical asymptomatic changes (soft pathological
functional shifts) and mixed changes. We may also distinguish between
favourable, relatively favourable and unfavourable adaptation.

Disadaptation and health resort treatment

Disadaptative reactions affect the results of health resort
treatment. Patients with chronic, non-specific lung disease discharged
from hospital with considerable improvement had disadaptative reactions
more rarely (27,8%) than patients without any changes (72%).
Disadapt
ative reactions also influenced results at a distance. Patients with
chronic, non-specific lung disease, who returned from Yalta to Barnaul,
had disadaptative reactions in 43,6% of cases in winter and autumn. The
reactions lasted from two to twenty days in persons over 45. After treat
ment in a Local sanatorium such reactions were observed in 12% of patients
during 2-5 days and were not connected with the season (Trubnicov, G.V.
et al.).
According to numerous investigations, the risk factors for dis
adaptation are: the contrast between climate districts involved,
unfavourable heliogeophysical and meteorological situations during the
first days of health resort treatment, patient's age, severity of his
disease, body functional systems disturbance, meteolabiLity, etc. The
more often reactions of disadaptation take place, the more serious and
prolonged they are, the worse are the results of health resort treatment.

There are two ways to prevent disadaptative reactions:
1) taking into consideration all risk factors before sending a person to
a health resort;
2) use of adaptogenic measures for optimization and
speeding up of the adaptative period.
In addition, biologically active
drugs (antioxidants, ascorbic acid, dibazol, etc.), methods of airotherapy and physical therapy were used as adaptogens in patients
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with chronic, non-specific Lung disease.
As a result frequency and
duration of disadaptative reactions were decreased and effectiveness of
health resort treatment was increased. So it is necessary to conduct
such measures in patients with high risk factors.
Prediction of adaptation

The index of acclimatization loading (IAL) has been suggested
for prediction of adaptation. This index has been based on an inform
ative approach to climatic influence assessment.
From a mathematical
point of view the change of climate from a usual to an unusual one includes
the need for exact information on Loading, which may be defined by climate
variations. The more extreme a climate change is, the more informative
it is, because the tension on the adaptative mechanisms (stress) is
stronger, and the risk of disadaptation is higher.
It has been suggested
to use information on the average difference between the new climate
and the previous one as a Loading measure, express it in form of
numerical data on useful parameters and nominate it as the "acclimatiza
tion Loading index". Values of acclimatization Loadings for different
months and seasons were calculated for patients coming to Yalta from ten
different regions of our country.
For this calculation the FedorovChubukov weather classification was used. The more different weather
in the health resort is from the one in the patient's native region,
the more different are climates and the higher is IAL.
If climates are
identical in health resort and the patient's native region, the IAL is
zero, but if the new climate is completely different from the climate of
the patient's native region, the IAL is maximal, i.e. 100%.
So, for
patients arriving to Yalta from Moscow the smallest IAL is observed in
May-June (14% - 2%); the largest in December-January-February (54% 55% - 63%).
For patients arriving from Leningrad accordingly IAL is in
May-June (11% - 9%) and in February-March-April (54% - 55% - 63%).
For patients from Novosibirsk IAL in June is (5%) and in DecemberJanuary (88% - 87%).
For patients from Kiev a Low IAL remains in the
period from May to October (6% - 15%) and it is no more than 37% - 42%
during the remainder of the year. The correlation coefficient between
IAL defined in this way and the frequency of disadaptative reactions was
found to be + 0.70.

Adaptation plays an important role in the climatic treatment of
physiological mechanisms.
It is therefore necessary to take adaptative
processes into consideration in prescribing climatic treatment procedures.
Very often human body reactions to the first climate treatment procedures
are stronger than those to the higher doses of the procedures which
follow later; the number of disadaptative reactions can also be reduced
in those cases.
For example, during the first sea bathing the number of
unfavourable reactions was 38%. The same dosages of the next procedures
produced only 19% of such reactions. These data may be used as a basis
for treatment dosage increase during climatic therapy.
The "comfort" zone of adaptation
The adaptation zone where the change of the heat balance of the
human body is kept at a minimum, should be regarded as the "comfort zone".
It is necessary to remember that the borders of the "comfort zone" for
inhabitants of the north and central regions of the USSR are relatively
Low (EET = 12,6° - 18,5° and 14,6° - 20,5°) and higher (16,6° - 24,5°)

for south regions inhabitants.
For patients with hypertension the
"comfort zone" is 2 higher than for healthy subjects.
This is connected
with disadaptation.
During health resort treatment the adaptogenic
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importance of some physical factors with respect to others are often
revealed.
So, the course and character of adaptative reactions affect
health resort treatment effectiveness.
Adaptation at the health resort
favours human body state normalization and also raises his work capacity.

HEALTH, BUILDINGS AND CLIMATE
R. Baldwin, N.O. Milbank and G.J. Raw
Building Research Establishment, Garston, Watford WD2 7JR
United Kingdom

INTRODUCTION

One of the functions of buildings is to provide shelter and protection
from the elements It is important to design them to provide a safe, healthy
environment, taking into account the prevailing climatic conditions. This
paper deals with relations among three sets of variables:
aspects of health,
external and internal climatic conditions, and building design and use. We
are, therefore, examining not so much the detail of effects of climate on
health, but rather the way in which building design and use mediate between
the external climate and consequences for health.
Environmental Parameters which Affect Health
Temperature
One particularly important factor influencing health is indoor
temperature in dwellings.
The primary concern in the UK is low temperatures,
rather than excessively high temperatures.

Seasonal variation in mortality provides initial evidence of the
adverse effect of low temperatures on health.
In the UK, there is a
significantly higher hospital admission rate and mortality rate in the winter
than in the summer, amounting to an excess mortality of approximately 40,000
per year in England and Wales (Mant and Gray, 1986). The winter death rate is
approximately linearly related to external temperature.

Although a similar phenomenon has been observed elsewhere, for
example, in the USA, France and Sweden, it has only about half the magnitude
of that in the UK (Anderson, 1985).
In the UK and elsewhere, the seasonal
effect on mortality is due largely to deaths of elderly people and, to some
extent, to infant deaths.
Only a small minority of winter deaths can be.
directly attributed to low body temperature (hypothermia), although this would
obviously be expected to be more frequent during cold periods.
Respiratory and cardiac disorders are more common causes of death than
hypothermia during cold weather. The prevalence of disorders increases with
the length of a cold period, the incidence of heart attacks increasing after 1
or 2 days of cold weather, strokes after 3 or 4 days and pneumonia and
bronchitis after a week (Bull and Morton, 1978). Apart from these disorders,
influenza and other viral infections have their peak in the winter (Mcfarlane,
1977, Tillett et al., 1983, Office of Population Censuses and Survey, 1982).
Numbers of fatal domestic accidents also rise in winter, becoming 35% higher
from December to April than during the rest of the year and reaching a peak in
January (Office of Population Censuses and Survey, 1984).
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At indoor temperatures below 16°C, resistance to respiratory
infection is reduced. This effect is stronger if the air is moist or if there
is inadequate ventilation (Jones, 1975). There is evidence of increased blood
pressure in cold weather (Brennan et al., 1982), which becomes significant in
the elderly at indoor temperatures of less than 15°C (Collins et al.,
1985). Below 12°C the risk of cardiovascular disorders increases. It would
appear, therefore, that a temperature of around 16°C represents a reasonable
minimum standard for health purposes.
The fact that seasonal mortality is higher in the UK than in other
countries with temperate climates suggests that the problem could be reduced
and that at least a partial solution lies in building design and provision of
adequate heating. Other significant factors may be cultural differences in
the priority that people place on heating and clothing levels and differences
in summer mortality.

Humidity and Air Quality
For any given moisture content in the air of a dwelling, the lower the
temperature, the higher will be the relative humidity (RH) . It is important,
therefore, to consider humidity in addition to temperature. There is some
evidence that the direct effect of high RH is to reduce susceptibility to
respiratory infection (Green, 1982). However, the indirect effect is to
facilitate the growth of moulds which may cause infection and allergic
reactions.

It is, therefore, the indirect effect of humidity on health which is
of concern. Moulds require damp conditions for growth and can be expected to
appear on internal surfaces of external walls if the RH in a room exceeds 70%
for prolonged periods (Bravery, 1985). This figure, therefore, represents a
possible maximum recommended RH. In general, experience suggests that if
ventilation is adequate (along with adequate heating and insulation) to
control mould growth, then indoor air quality is not likely to lead to health
problems from other air pollutants likely to be found in housing. Adequate
minimum ventilation seems to be of the order of 0.5 - 1.0 air changes per hour
(Building Research Establishment, 1985).

Buildings and Internal Climate
Taking the direct and the indirect effects of temperatures together, it is
clear that the quality of dwellings would be expected to influence the health
of occupants. There is less certainty about the mechanism of the effect of
cold on health and the exact role played by housing conditions. The Building
Research Establishment (BRE) is about to commence exploratory research on
these issues by means of a study of the effects of renovation of housing.
Meanwhile, some useful observations can be made.

A survey of UK homes in 1978 (Sanders and Cornish, 1982) provided data
on temperatures in rooms downstairs (896 homes) and upstairs (837 homes). The
survey showed that nearly half of the homes maintained an average internal
temperature below 16°C, and nearly 10% below 12°C. Living room
temperatures were higher than overall downstairs temperatures (20% vs 36% of
homes below 16°C), which were in turn higher than upstairs temperatures (63%
below 16°C).
Percentages below 12°C were 2% (living room), 4% (overall
downstairs) and 18% (upstairs).
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Thus, there is a significant number of homes in the UK where internal
winter temperatures are less than desirable. Also, about 2.25 million
dwellings in the UK are believed to suffer from problems of serious surface
condensation and mould (Parliamentary Report on Scottish Affairs, 1983,
Milbank, 1986), and about one quarter of UK houses have a very low energy
input. These factors are not unrelated.

Since these surveys, new homes have been built which have higher
insulation standards, and there have been programmes of improvement of older
dwellings. Average internal temperatures are, therefore, now higher, but
there still remains a significant number of homes in which the temperature is
inadequate to maintain healthy conditions.

Inadequate heating, poor standards of insulation, excessive moisture
generation and inadequate ventilation are causes of condensation and mould.
The association between temperature and condensation is increased by the fact
that inadequate ventilation may be caused partly by low outdoor temperatures.
Reduction of air leakage from homes will have a beneficial effect on
temperature and reduce draughts, but if taken to extremes will promote
condensation and mould growth.
Figure 1 (Milbank, 1986) shows the heat required to maintain the RH
below 70% (to avoid mould growth) and to balance fabric losses, each as a
function of indoor temperature. Adding the two functions shows a minimum heat
requirement. Not only do poorly insulated houses require more heat to prevent
mould, the result is a lower indoor temperature.
If there is raised moisture
generation, for example, where there are more occupants, the minimum heating
requirements will be raised still further.
Figure 1:

Combined heat requirement (He) for heat loss through the fabric of
the house (Hf) and heat loss by ventilation (Hv) required to
maintain relative humidity below 70%

Room temperature

FIGURE 2 :
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Mean Internal temperature related to mean external
temperature and heat loss rate of the house (assuming whole
house heated for 16 hours per day)
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A theoretical study (Milbank and Shorrock, in press) helps us to
understand these problems further. The BRE Domestic Energy Model (BREDEM)
(Anderson et al., in press) enables mean internal temperature to be predicted
for various daily heating patterns from factors including the mean external
temperature and heat loss from ventilation and through the fabric of the house.

The study shows that energy-efficient houses have little difficulty in
maintaining adequate temperatures in temperate climates, even with low levels
of heating for only part of the day. However, poorly insulated houses can
only maintain these temperatures by increasing the level and hours of heating,
and this may present problems in some households. An example of the results
of the study is shown in Figure 2. Extrapolation to more extreme winter
conditions such as those which occur in some continental areas shows that
continuous (ie., 24 hours per day) heating will be required irrespective of
the insulation level.
In Figure 3 (Anderson et al. 1985), it can be seen that a mean indoor
temperature (excluding the living room) of 16°C is likely to be achieved in
UK homes only with a good standard of insulation and heating in at least half
the house during at least the morning and the evening, or moderate insulation
with whole house heating for 16 hours per day.
16°C is only just expected
with moderate insulation and morning and evening whole house heating, or poor
insulation and whole house heating for 16 hours.

CONCLUSION

There is evidence of an association between low temperatures in homes
and deleterious effects on health. Even in the relatively mild climate of the
UK, inadequate temperatures have frequently been found, particularly in home
where there is limited heating or poor insulation or both. Developments in
building science are providing owners and occupiers with better guidance on
how to predict the internal environment in homes and identify the potential
for improved conditions in existing buildings with confidence. This will help
combat possible adverse effects of climate on health.
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INTRODUCTION

The climate of a city presents some of the most impressive examples of
man-made climate modification. Numerous studies, therefore, have had as their
goal the description of the urban-rural differences in meteorological
parameters (see e.g. Landsberg, 1981, or Oke, 1983). Knowledge about the
alternating effects between the atmosphere and the man-modified surface,
however, is of value to the urban planner only when the bioclimatical
significance of the changed atmospheric conditions are apparent. This raises
the question about which conditions should be met through appropriate planning
measures to insure the health, well-being and performance of the human being.

Of special interest in the area of urban planning are the
meteorological conditions in the near-ground living space of the human being,
i.e. the urban canopy-layer which includes street canyons, parks and inner
courts. Measurements of the meteorological fields in the canopy-layer are
very time consuming and consist mainly of sampling. A transference of results
from such measurements to other locations is at the least problematic.
Therefore, greater use should be made of the possibilities of numerical
modelling of meteorological fields in the canopy-layer. This should be done
in order to examine the influence of those urban variables which can still be
changed during planning.

THE BIOMETEOROLOGICAL ASSESSMENT PROCEDURE
The conditions of heat exchange
related to the higher temperature level
as a "heat-island" in comparison to the
heat load for the human being in a city
temperature.

for the human being in a city are
in the city, which often is described
rural area.
It is apparent that the
is not solely dependent upon the air

The "Klima-Michel-Model" was therefore developed by Jendritzky et al.
(1979) as a physiologically relevant description of the complex conditions of
heat exchange for the human being. Using the first law of thermodynamics it
links the meteorological variables of air temperature, humidity, wind speed
and short- and long-wave radiation fluxes with the heat production of the
human being which is dependent upon his activity. Due consideration was given
to the isolating effect of clothing (Fanger, 1972).
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Similar models have been published by e.g. Morgan and Baskett (1974),
Burt et al. (1982) or Hoppe (1984, 1985) and are intended for application to
urban planning as well.

A problem in the use of heat balance models for human beings in an
urban area results from the large variability of the radiation fluxes within
space and time. This is due to the differing distribution of buildings and
the different physical characteristics of their surfaces (Terjung and
O'Rourke, 1980). According to Oke (1981), the geometrical arrangement of the
surfaces is of essential importance for the distinctiveness of the urban heat
island. But this is also true for the radiation balance of the human being.
Therefore, a geometrical street canyon model was constructed (Figure 1) which
can simulate practically all radiation conditions as related to the human
being (Jendritzky and Niibler, 1981). This simulation is achieved by varying
street width, heights of houses, azimuth and elevation angle of the sun,
albedo and emission coefficients of all surfaces in connection with a purely
meteorological part of the radiation parameterisation.

Fig. 1:

The human being in a street canyon.
factors. Left: vertical rectangles
rectangles.

Determination of angle
right: horizontal

APPLICATIONS OF THE MODEL

Investigation of the influence of different land-use types (settlement
structures) on the daily variation of radiation fluxes - as these fluxes
affect the surface of the human being - produces essentially the following
results (Figure 2). One finds the most pronounced daily variation above open
terrain surfaces (8), and an extremely damped daily variation in thick forests
(7), where the radiation transformations essentially take place in the crowns
of deciduous trees.
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Fig. 2:

SUN X STREET

SUN =STREET

Diurnal variation of A-TMRT (mean radiant temperature) for
different land-use types and the sun direction parallel
(right) and perpendicular (left) to the street. Types: 1, 2
urban edge and suburban, 3-6 various inner urban structures,
7 forest, 8 open terrain.

In streets, the radiation conditions are strongly dependent upon the
direction of the direct solar radiation. If the sun shines in the street
direction (So=Str) then there are, even with a generally large daily
variation, only small differences between different settlement structures.
This is because the essential influence results from the impact of the direct
solar radiation upon the human being. Distinct differences appear if the sun
shines perpendicular to the street direction (So Str). For typical inner
urban settlement structures (3-6) with relatively narrow streets and/or high
houses, there is always the possibility to find shade, but, the direct solar
radiation on the more dispersed buildings of the urban edge or on the suburban
structures (1,2) is unavoidable.
In this connection, it must be mentioned
that under calm conditions, the difference in the solar radiation conditions
between the sunny and the shady side of the street corresponds
thermo-physiologically to a temperature change of about 15 K (A2 K TMRT
Al K TA ) i

The first application of this model took place in Freiburg (FRG) using
data from the temperature-, humidity- and wind fields on two dates collected
by Niibler (1979). In the case "before sunrise", the expected
heat-island-effect also occurs using the Klima-Michel-Model. However, during
midday, on a clear day the inner city is cooler in the sense of the heat
budget of the human being. This is in spite of the somewhat higher air
temperature and lower wind speed in comparison to urban edge areas with their
higher solar radiation. This relative coolness results because "Klima-Michel"
possesses the ability to find shade.
Sampling results are, however, less useful as a basis for planning
decisions than statements about how frequently and in which season threshold
values for stress situations are exceeded. A rough approximation of urban
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influence using an analysis of a 30-year series of weather data from an
open-terrain station at the Frankfurt Airport produced a seasonal
differentiation of heat load and cold stress (Jendritzky, 1983). As in
Figure 3, this analysis used a formal raising of the air temperature of 2 K
(T»=T+2), a halving of the wind speed (V
=V/2)
*
and a superimposition of
the inner urban settlement structure on these data. Accordingly, the
probability of occurrence of cold stress will be halved in the inner city.
Thus the urban climatic influence always has a positive effect on the
conditions of heat exchange in winter. This is also indirectly valid for the
effect on air pollution because the reduction of cold stress — of course

Fig. 3:

Simulation of the urban climate effect. Solid line: original
open terrain conditions Frankfurt Airport 1951-1980, crosses:
superimposed urban effect with sun perpendicular to the
streets, dashes: sun parallel to the streets.

related to the human being outdoors - also correlates with a smaller heat loss
for buildings and this is connected with lower energy consumption and
correspondingly reduced pollutant emission.

In the summer months, the biological effects of the urban climate
depend upon where the transformation of the solar radiation takes place. If
the solar radiation impacts in the street direction (So=Str), the heat load
increases in comparison to open terrain. If the sun's rays are perpendicular
to the street (So-LStr) the heat load is distinctly less than in the rural
area.
Extreme heat load can, therefore, occur if the direct radiation of the
sun impacts upon the surface of the human being. On the other hand, narrow
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streets, arcades, and deciduous trees provide protection. The latter would
lead to a behaviour which would be desirable at street level for the solar
radiation balance, because this behaviour would be counter to the seasonal
variation of the air temperature. Skillful urban planners thus possess some
possibilities to achieve improvements in the thermal environment of the human
being.

THE MUKLIMO

A second step will attempt to discard the crutch of the formal
modification of the meteorological fields. For this purpose, use is being
made of the newly developed two dimensional numerical model MUKLIMO
(Microskaliges Urbanes Klima-Modell) from Sievers and Zdunkowski (1986),
(Figure 4).
The contrast to most of the previously known dynamic mesoscale urban
climate models (see e.g. Bornstein, 1986) which calculate meteorological
fields above rooftop levels of the houses, the MUKLIMO can be used for
simulation of the conditions in the actual canopy-layer which are relevant for
human beings. The typical horizontal grid point separation is 2 m. A
3-dimensional version is being prepared.

MUKLIMO solves the equation of motion as well as equations for heat
balance, humidity, and pollutant concentration. The radiation model which is
coupled to MUKLIMO considers multiple reflections between the walls and floor
of the street canyon. Some variables which determine the essential
characteristics of the urban structure will have to be given initially.
Examples would be geometrical measurements of streets and buildings, albedo,
heat conductivity and heat capacity of the buildings, vegetation, and water
content of the soil, etc.

Fig. 4

General structure of MUKLIMO
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Since these parameters can be influenced by planning measures, this
model permits approximation of the effects of planned urban construction
activities on microscale meteorological conditions.

RESULTS
Some results of a simulation using MUKLIMO with a following coupling
with the Klima-Michel-Model are presented in Figure 5. Weather conditions
used here included an air temperature of TA = 28°C, a wind speed of
U = 10 ms-1 which is on the model's upper boundary (250 m), 30% clouds, and
a street canyon with a width and height of 16 m.

Fig. 5:

Summarized results of a simulation using a MUKLIMO Klima-Michel-Model coupling.
PMV predicted mean vote with
and without direct solar radiation.

The air temperature at a height of 1 m (navel level for Klima-Michel)
in a street cross-section is very uniform due to mixing caused by turbulence.
The surface temperatures of the wall in the direct sunlight (left), however,
reach values of up to 40°C, while the temperature of the shaded wall climbs
only slightly above the air temperature. The highest surface temperatures, up
to 45°C, occur in the areas where asphalt streets are in the direct sunshine.
Extremely high temperature gradients are, however, limited to the areas
directly above surfaces.
The wind speed at a height of 1 m in the street canyons is reduced to
about 10% of its value in the free atmosphere and has a pronounced profile in
the cross-section of a street, depending on the heights of the buildings.
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The mean radiant temperature (TMRT) which expresses all short- and
long-wave solar radiation fluxes related to the human being, shows a jump of
over 30 K which apparently is connected with a change from the shady to the
sunny side of the street. This development is, therefore, also strongly
dependent upon the geometry of the settlement structure.

The degree of heat load (calculated as the predicted-mean-vote (PMV)
using the Klima-Michel-Model) is essentially determined by the solar radiation
conditions.
In direct sunshine, the heat load is extremely high even for a
person in appropriate, i.e. summer clothing (0.5 clo).
If, however, it is
possible to provide protection against the direct sunlight using, for example,
a parasol or better still the shade of a tree, the PMV values in a street
cross-section change only slightly.
The extreme differences in thermal conditions in a very small space,
which are comparable to a seasonal change, point out the great importance of a
microscale view of the bioclimate in an urban area.

CONCLUSION

Previous calculations demonstrate the feasibility of a numerical
simulation at the microscale. MUKLIMO provides a good description of the
various interreacting mechanism between temperature, humidity, wind, and the
solar radiation field with complex geometries and provides the meteorological
fields which can be biometeorologically interpreted by the
Klima-Michel-Model. In this connection, the significance of the vegetation in
the street canyons will have to be examined both with reference to the
transformation of the solar radiation as well as for the latent heat fluxes
(roughness, humidity). The goal in using this model-coupling, which requires
very extensive calculations, is to find - using sensitivity investigations stochastic relations between relevant planning variables e.g. settlement
structures and material characteristics, and their impact on those
meteorological fields which determine the heat exchange conditions for the
human being. This would provide for less costly simulations which are needed
for urban climatological assessment, especially in developing countries.
The
previous results of the coupling of these models appears to us to be
encouraging.
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INCIDENCE OF RESPIRATORY ILLNESS AND AIR POLLUTION LEVELS IN MEXICO CITY
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1.

INTRODUCTION

A number of studies have suggested that a qualitative link exists
between air pollution and illness.
In the present study the relation between
incidence of respiratory illness with pollution levels (as expressed by dust)
in Mexico City will be examined.

2.

GEOGRAPHICAL SETTING AND CLIMATE

The capital of Mexico lies on an elevated valley bordered on three
sides by volcanic ranges with a mean height of 600 m over the valley floor.
The climate is tropical but tempered by the high altitude (2250 m) with a well
marked rainy season (May-Oct.). The cool season is characterized by
anticyclonic circulation with clear skies and high frequency of radiation
surface inversions.
Under these conditions, the dry period is also the smog
season in Mexico City, at which time the pollution levels reach not
infrequently beyond the pollutant standards.
During the wet period more
turbulent air, and the associated rainfall, reduce the winter levels of
pollution to about one half (or less).
3.

AREAL DISTRIBUTION OF MORBIDITY

The annual rate of incidence for respiratory illnesses (per
100,000 inh.) for the main districts of the city in 1980 is shown in Fig. 1.
The highest values are observed in the industrial area north of downtown
across the city from E to W and also along the western districts.
These are
(during the winter) highly polluted districts where standards for total
suspended particles (TSP) and SO2 are frequently exceeded during this season.
SEASONAL VARIATION OF THE RATE OF MORBIDITY AND POLLUTION LEVELS
When the monthly values of morbidity from respiratory disease are
expressed in % of the mean for the year, it may be seen that most of the cool
season values are above the mean (Fig. 2), whereas morbidity during the rainy
season lies below the annual average.
The data clearly indicate that seasonal
differences in morbidity do exist in Mexico City.
Figure 3 shows the seasonal variation of dust levels (high volume
sampler) for the year 1982.
A sharply marked variation is evident throughout
the year, especially at the industrial sites where winter values are two or
three times as high as those observed during the wet period.
For comparison,
the frequency of days with surface inversions has also been plotted to show
the clear association of stable surface air with pollution levels.
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Fig. 1.
Annual rate of respiratory illness (ger
100,000 inh.) and population density (inh./km )
in ( ) in Mexico City for 1980.

FIG. 2
SEASONAL VARIATION ( In » of year avg. ) OF
INCIDENCE OF RESPIRATORY ILLNESS FOR SEVERAL DISTRICTS
(DELEGACIONES) IN MEXICO CITY FOR 1980.
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5.

ANNUAL TREND OF ACUTE RESPIRATORY ILLNESS

Data for incidence of respiratory illness were available for the
period 1975-1983.
The incidence of the rate of all respiratory illnesses has
steadily increased in the Federal District during the period in consideration
(Fig. 4).
Moreover, the proportion of acute cases in relation to all
respiratory ailments has drastically increased by a factor of 2 (from 40 to
80%).
This marked change in morbidity for acute respiratory illnesses could
not be explained only by weather changes, i.e. a higher frequency of cold
spells in the cool season.

6.

DISCUSSION

It is well known that morbidity (and mortality) is more likely to be
above the average during periods of disturbed weather in the winter,
associated with spells of cold weather in mid-latitude cities. Winters are
however usually mild in Mexico City and temperatures drop only exceptionally
to near zero degrees Celsius with the passage of a front.
A certain
proportion of morbidity during this time could rather be attributed to
turbulent winds associated with 'dry' thunderstorms.
This condition leads,
not infrequently to dust storms over the city, which in turn raises the levels
of airborne dust during the afternoon hours.

7.

CONCLUSIONS

Seasonal variation of the incidence rate of respiratory illness for
Mexico City is similar to that found in the abundant literature for
mid-latitudes (Tromp, 1963).
The high winter values of morbidity due to acute
respiratory illnesses coincide with high levels of pollution in Mexico City.
When air quality improves during the wet season, morbidity from respiratory
illness declines.
From the above, it is difficult to detect however, whether
the observed seasonal changes of morbidity are associated in any way with air
pollution changes in the capital city rather than with adverse meteorological
conditions.
Since winter temperatures have not dropped significantly during
the last years, the marked increase in the rate of incidence observed for all
respiratory illnesses, but in particular the sharp increase in the proportion
of acute cases registered in the Federal District for the period 1975-1983,
could only be attributed (at least in a significant proportion) to the effects
of increasing pollution levels in the city (34% for TSP from 1978-1982 and for
the months January-March).
In mid-latitude cities, concentrations of air pollutants has been
reduced so significantly in the last decades that they no longer seem to have
a measurable effect on health.
In large cities in developing countries
however, where pollution levels are high or increasing, respiratory illnesses
due to air pollution will remain a problem in the years to come.
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FIG. 3 FREQUENCY OF SURFACE INVERSIONS AND DUST LEVEL
VARIATION (TSP) AT TWO SITES IN MEXICO CITY FOR 1982.
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FIG. «4
ANNUAL RATE OF INCIDENCE OF RESPIRATORY ILLNESS (per
100,000 Inh.) IN THE FEDERAL DISTRICT (MEXICO CITY) FOR PERIOD
1975-83.

ESTIMATION OF THE CLIMATE IN THE USSR
FOR TOURISM AND ACTIVE RECREATION

N. A. Danilova
Institute of Geography of the USSR Academy of Sciences
Moscow
USSR

ABSTRACT

The distinctly seasonal-related character of tourism and any kind of
active recreating in a natural environment, caused by natural and climatic
conditions, makes it necessary to determine the number of days physiologically
suitable for recreative activities of man in different geographic
zones and regions of the USSR.
The physiological indices specifying the condition of a healthy adult,
first and foremost the heat exchange of his body with the environment, depend
on his/her heat production during physical work performed, heat insulation
properties of the clothing and a complex of geophysical and meteorological
conditions of the environment, i.e. the weather.

Using the classification of weather conditions compiled by
physiologists (Kandror et. al. 1974) the author has elaborated an original
classification of weather types in relation to varying suitability for summer
kinds of tourism and active recreation, with due account taken of the human
body's heat balance determined by the mean temperature on the surface of
his/her body. The effect produced on man by daily geophysical and
meteorological conditions is determined by means of a specially plotted
estimation scale. A six-point estimation of weather conditions is introduced.
The author has compiled a weather calendar for recreation and tourism
on the basis of a lengthy period of observations at more than 300 Soviet
stations.
With respect to the summer kinds of recreation the calendar makes
it possible: to chart maps of the mean perennial duration of the comfortable,
favourable and hot discomfortable periods, to plot graphs with respect to the
yearly number of days with weather conditions of varying suitability, to
estimate the substantiated duration of periods of varying suitability and to
analyse the centennial course of duration of the comfortable period at
stations with long-term observations, to analyse changes in the degree of
suitability of climatic conditions at different altitudes in different
mountainous systems.

The work performed is of significance not only for human climatology
but is also greatly applicable for planning, constructing and using recreative
and tourist zones in different climatic zones of the USSR.

CLIMATIC ASPECTS OF HUMAN HEALTH AND PLANNING ACTIVITIES

0. Solanke
Ahmadu Bello University
Zaria, Nigeria

ABSTRACT

All philosophers, from Aristotle to Montesquieu, believed that climate
had pronounced effects on human physiology and temperament.
It is now
empirically established that the.physiological mechanism, including the
nervous, muscular, circulatory and respiratory systems, operate optimally
within a narrow temperature range.
It would have been preferable, in this
lecture, to concentrate on environmental causation of the malfunction of these
systems in Africans vis-a-vis possible environmental design and planning for
health and comfort. However, inaccurate and obsolete "instruments" of
environmental design are at present considered more important and are actually
impeding the activities of researchers and designers. It is therefore
pertinent to deliberate on the abovementioned inaccuracy and the obsolescence
of the operational instruments.

The designer focusses his attention on those aspects of climate which
affect human health, comfort and performance.
In order to design a healthy
and comfortable thermal environment, the designer depends on accurate
knowledge of physiology as related to environmental stimuli synthesized from
meteorological data. However, the physiologist limits his scope to medicine
and the meteorologist records in units not primarily meant for the use of the
designer. This is a puzzling problem for an African Environmental Designer.
For the physiologist and the meteorologist to appreciate the needs of the
designer, he should specify his physiological and meteorological
requirements.
It is also necessary that the three professionals mentioned
above should work together in a tripartite relationship entitled "Triangle of
Shelter Civilisation".

A - Physiologist
B - Meteorologist
C - Architect

In conclusion, various research activities expected to make the triangle
operational are enumerated.

CHARACTERISTICS OF RECREATION SOURCES
IN THE UKRAINIAN CARPATHIANS
V.M. Pitscholka, N.V. Nikolaeva, I.M. Tscherban
The Ukrainian Regional Research Institue of
Goskomgidrometa, Kiev, USSR

Int roducti on

The Ukrainian Carpathians is an established resort and tourist
region not only for the Ukraine but also for the whole Soviet Union.
Resorts and recreational resources of this region are especially rich,
diverse and unique.
Pleasant climate in various physico-geographic
conditions has allowed the creation of climatic health resorts where
climatic therapeutics is used as the main method of cure.
In pictur
esque landscapes, piedmonts and low-mountain areas, mountainous health
resorts and skiing resorts are situated. The world-famous balneolo
gical resorts at the foot of the Ukrainian Carpathians and in the Transcarpathians have been created where cure springs with mineral water and
mud are avai table.
Ukrainian Carpathians is the most important tourist region in
the whole Union (summer tourism on foot, winter skiing sport). There
are more than 10 tourist centres and 28 all-Union tourist routes are
passing through the region.

The characteristics of the climate for recreation activities
has been evaluated in general terms throughout the Soviet Union (1)
but apart from the Ukrainian Carpathians the question has not been
thoroughly explored.

The evaluation of the recreation climate was made on the basis
of a method of Kandror I.S., Demina D.M., Rathner E.M. (2) in which the
physical state of the human body under the influence of weather was taken
into consideration. In addition, the experience regarding recreation
types of weather outlined by Danilova, N.A. and Kapustina, V.G. was
generalized. The different state of weather is therein characterized by
the degree of comfort or discomfort that climate conditions may exercise
for rest and tourism. Recreation types of weather were being determined
on everyday data at 15-hour intervals for a complex of meteorological
elements (air temperature, total cloudiness, wind velocity). Observa
tions for the period 1976-1980 from meteorological stations situated in
different physico-geographical conditions were used for analysis.
Re
creation types of weather were defined by means of a specially weighted
scale which was constructed on the basis of the complex influence of
meteorological factors on the physiological state of man. Therefore,
we have picked out among discomfort weather types which are absolutely
unsuitable for rest, cure and tourism (very hot and very cold types of
weather), those climates that were unsuitable for recreation due to one
or more very special meteorological elements. They were a wind velocity
of more than 9 m/sec, days with mist duration of more than 3 hours,
glazed frost, snowfalls and snowstorms.
Stuffy days were referred to
a group partially limiting choice of climate.
The characteristics of the weather types were supplemented by
the evaluation of some meteorological elements and atmospheric phenomena
which are important for the organization and conductance of rest.
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Analysis of the climate resources for the winter resorts was made with
the additional account of the length of stable duration and height of
snow cover, and the repetition of thaws.
Favourable for skiing tourism
is weather with air temperature from - 2 to - 20 C in the presence of a
stable snow cover with the height no less than 20 cm and the wind velo
city no more than 5 m/sec.
In any classification sunny and cloudy weather can often
possess different recreation values. Therefore all the weather were
conventionally classified as sunny and with rare clouds (0-5 points).

Weather at winter resorts
For the cold period of the year (November-March) four types
of weather were distinguished (Table 1).

The cool weather which is the most preferable for rest during
the cold half-year is observed in the valleys during 60 days, in the
Transcarpathians during up to 70 days and on the summits of mountains
during up to 20-30 days.
Typical favourable winter weather of a resort place is character
ized by slightly cold, sunny weather which may occur at the height of
500-600 m during 50-60% of the time in January.
In the winter months
the sunny weather is not playing a significant part for the heat balance
but is very important for the formation of emotional weather conditions
which obviously must be taken into account for recreation.

The development of winter resort places especially for skiing
purposes has been promoted in regions of Long duration of a stable snow
cover (in mountainous regions up to four months). The topography of
mountains with gentle slopes over big areas also is an important factor
in the development of winter resorts.
The favourable period (cool, weakly cool and moderately cool)
for winter rest is 100 days in Transcarpathians with an increase of up
to 120 days in some valleys and a decrease to 50-80 days on the summits
of the mountains.
It is necessary to single out the cold and frosty weather
which are typical to climates not favourable to winter rest. On the
summits of the mountains, at the level 1300-1400 m, the occurrence of
very cold days in January is about 20%. The Ukrainian Carpathians are
characterized by high occurrence of weather elements which are referred
to the group of discomfort weather like mist, glazed frost, snowstorm,
strong snowfall, etc.
Significant microclimatological differences due to the influence
of slopes and mountain ranges are to be taken into account in the
analysis of discomfort weather. The smallest number of days (30-40) with
such weather is found in the valleys, in the Transcarpathians the number
can be up to 50 days increasing on the summits of the mountains to 70-100
days. Most days unfavourable for winter rest occur in December-February.
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Weather at summer resorts
For the warm period of the year (April-October) weather was
grouped in three types (Table 2).

The number of days with comfort weather is very much varying
within the territory and depends largely on physico-geographical condi
tions.
The comfort weather is most typical in June-August (12-14 days
per month), in Transcarpathians more than 20 days, on the summits of the
mountains in average 2-3 days. The period with comfort weather is by
1-3 days smaller in May and September. Summer months are characterized
by a rather high density of cloudy comfort weather in average up to
10 days per month.
Some days in summer may be characterized by warm
sunny weather, which creates moderate thermoregulating Loadings and a
heat condition labelled "very warm". The occurrence of warm sunny weather
is insignificant 1-3%, but in the Transcarpathians it may reach 5%.
Comfort weather at the beginning of spring and Late in autumn
does not allow having summer rest but provides the possibility of a
prolonged rest in fresh air.
In average over the territory there are
up to 70-80 days with comfort weather, in Transcarpathians up to 100-120
decreasing in the summitsof the mountains up to 15-20 days.

The subcomfort weather (cool) is Less favourable for the rest.
The greatest number of days (12-20) with such a weather is observed in
spring and autumn.
The period of weather favourable for recreation (comfort and
„
cool) is fluctuating from 160 to 200 days decreasing in mountain regions
to 110-120 days. The most favourable conditions (200 days) for having
different forms of active rest are observed in the Transcarpathians.
Discomfort weather for rest exist for 20-40 days during the
warm period in front of the Carpathians and Transcarpathians.
In the
mountainous regions of the Ukrainian Carpathians the number of days with
unfavourable weather increases up to 90-100 days.

The average number of days over the year useful for different
kinds of rest in the Ukrainian Carpathians is 280-300 days and in the
mountain regions 100-200 days.
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Table 1

Number of days with recreation types of weather
at different heights in the cold period of the year

Weather type

XI

II

I

XII

Cold period

III

Height 500 m
20

Cool

12

2

11

18

63

1

-

1

-

2

Moderately cool
Weakly cool

2

13

16

13

6

50

Di scomfort

8

5

13

3

7

36

Height 1400 m
Cool

9

2

3

4

9

27

Weakly cool

4

8

9

13

8

42

Moderately cool

1

2

2

2

1

8

16

19

17

9

13

74

Di scomfort

Table 2
Number of days with recreation types of weather
at different height in the warm period of the year

Weather type

IV

V

VI

VII

VIII

IX

Warm period

X

Height 500 m
Comfort
Cool

Discomfort

4

10

14

14

14

11

6

73

18

15

7

11

12

15

21

99

8

6

9

6

5

4

4

42

3

3

4

2

15

Height 1400 m

-

Comfort

3

Cool

16

19

14

13

13

13

19

108

Discomfort

14

12

13

15

15

13

10

92

INDICES OF COMFORT FOR
SOME TOWNS IN KENYA

J.K. Ngang'a and G.K. Ngugi
Department of Meteorology
University of Nairobi
Nairobi, Kenya

INTRODUCTION

In view of the importance of studying human comfort, various
climate indices have been developed since early times. These indi
ces have been found suitable for specific regions of the earth in
identifying the comfort zones. These are zones within which the
majority of individuals will be content and able to work at maxi
mum efficiency. The requirements of a good comfort index is that
it should include both meteorological and non-meteorological
factors. But as Hounam (1967) points out, representative meteo
rological observations and virtually all non-meteorological
measures are difficult to make accurately.
One of the most widely used indices for assessing the effect
of climate on man's comfort is the Effective Temperature, et.
This is the temperature of saturated motionless air, which would
produce the same sensation of warmth or coolness as that produced
by the combination of temperature, humidity and air motion.
The
ET.
concept as developed by Hongthen and Yaglon, 1923, was
defined for subjects wearing 1 clo. of insulation. Since then, a
number of formulae to obtain an estimate of et.
from a linear
relationship based on dry and wet bulb temperatures, and relative
humidity have been established. Notable examples are Missenard
(1930) and Thom(!959) formulae. The indices have been used to
give an overview of comfort for Singapore (Stephenson 1963),
London (Foord 1968), Australia (Hounam 1967), Nigeria (Olaniran
1982), Greece (Angouridakis and Makrogiannis 1982) and Islands
of Mediterranean Sea (Pennas 1984)
DATA SOURCE AND ANALYSIS

Six towns in Kenya were chosen on the basis of altitude,
proximity to large water bodies and large industrial centres.
Kisumu at altitude 1149m. represented a town in the vicinity of
lake (Victoria), Mombasa at altitude 57m. represented a coastal
station, Kitalejaltitude 1890m. represented a town in the high
lands of Kenya. Garissa at altitude 452m. represented an arid
town while Machakos at altitude 1601 represented a semi-arid
town. The capital city of Kenya, Nairobi was chosen to represent
an urban town with a lot of industrial activity.
Monthly mean 06 and 12 G.M.T. wet-bulb and dry-bulb tempe
ratures, relative humidity and windspeed were obtained from the
nearest meteorological stations for a period of 30 years.
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For Nairobi, the meteorological porameters used in the analysis
were averages
for the four meteorological stations in the town.

The ET.
was determined by using the chart of ET.
as devised
by Ellis et al (1 972) .
ET. was also computed using Missenards
(1973) formula where
ET. = (T - 10) (1 - JÜQ) and Discomfort
Index D.I. using Thom (1959) formula where D;I.
= 0.4 (Ta + Twb)
+ 4.8, where Ta and Twb are dry and wet bulb temperatures respec
tively in °C.
T is the air temperature in 0C and R.H. is the
relative humidity in percentage.
Monthly variation of ET. and D.I. for the stations at 06
and 12 G.M.T. were plotted and comfort months were identified
with regard to sensation scales attributed to each measure.

RESULTS

AND

DISCUSSIONS

The ET. and D.I. values for the six stations are shown in
figures 1-6.
In general, the yearly pattern is the same for
all the stations in respect to peaks and valleys. Month to month
variation shows that the December - March period has higher values
than the other months.
As there is not a big difference in the
values recorded from month to month as evaluated by the 3 methods,
the period of acclimitization is short for people new to the area.
To determine the comfort range for the towns, considerable care
had to be taken in selecting a design value. The concept of com
fort is relatively subjective as itis dependent on things like the
living conditions, economy, physical activity and social status,
which cannot be determined accurately.
Baranowska and Gabry (1985)
have indicated that it is not accurate to assume that an organism
of a healthy man provided with a wide range of adapting mechanisms
can only tolerate a restricted range of the conditions occurring
every day.

One thing that is clear is that the comfort range varies from
one place to another. England defines 20-22°C
et. range as the
most comfortable (Bedford 1954), India 21-25.5°C (Malhotra 1955).
Stephens (1963) identifies 20.6-22.7 to be the most comfortable
range for the tropics. Discomfort Index in most places uses the
gross classification 24< DI < 26°c as the optimum comfortable zone.

Garissa

This arid town has the highest D.I. and et. values of the
6 towns.
It appears that most people would be uncomfortable for
the greater part of the year, especially at 12 G.M.T. At 06 G.M.T.
some relief is experienced in May-July period.
Exercise could
prove dangerous at most parts of the year.

Nairobi
From the profileof Nairobi, it appears that May-August period
would fall in the cold discomfort scale at 06 G.M.T.
At 12 G.M.T.
the same period has the lowest values.
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December-March period which falls within the dry period in Nairobi
would appear to have slight discomfort especially at 12 G.M.T.
The discomfort is reduced by the coming of the rainy season in
April-May. There is a small difference in the range of the values
showing that the period of acclimitization is short for people
new to the city.
Kisumu
This lake town values appear to fall in the uncomfortable
range, especially the months of November-April. There is a
slight relief during the June-August period. At 06 G.M.T. the town
is generally comfortable.

Kitale

The moderating effect of the highlands is evident in the
profile of this town.
12 G.M.T. values fall in the comfortable
region with more or less uniform values, at Least for the
greater part of the year. This shows that irrespective of what
time one might visit the town, the body’s mechanism will adjust
quickly and the discomfort will be reduced.
It is also possible
to engage in rigorous activity, especially farming, without
undue discomfort.
Machakos
The values do fall within the comfortable range. There is a
considerable fluctuation of the values, both at 06 and 12 G.M.T.
The semi-aridness is not very depictable from the results,
perhaps because the representative city chosen is an agricultural
research station.

Mombasa
06 G.M.T. values fluctuate from month to month with June-July
falling within the range of comfort. December-March values fall
within the range identified as highly discomfortable.
12 G.M.T.
values all fall within this zone, although there is a slight
relief in May-August.

It therefore appears that excessive activity may be injurious,
especially at 3 pm for non-acclimitized persons.
CONCLUSIONS

From the study, one can make the following conclusion:
1)
A comfort index is applicable to the towns.
2) There is a contrast in indices, which is a consequence
of large variation in the climates.
3) Altitude and proximity to large water bodies and aridity
influence the variability in the indices.
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From this work, it appears that the concept of comfort from
purely meteorological views agrees well with the life pattern in
the towns. In the towns with high values, the residents have
introduced their own moderating methods to reduce discomfort by
either carrying out duties from early morning (07:00) to 14:00h.
Light clothing is common in these towns, together with considerable
use of fans to produce comfortable conditions.

A more detailed study in which 15 towns’ data is being
analysed in a bid to map out the ET. and D.I. values and hence
areas of comfort and discomfort in the whole country is being
carried out by the authors.
REFERENCES

Angouridakis, V.E. and Makrogiannis, T.J. 1982: Discomfort index
in Thesalloniki, Greece.
Int. J. Biometeor, 26, 53-59
Bedford, T. (1954): Comfort in relation to warmth and ventilation
results of recent studies. J. Inst. Heat Vent. 23, 85-104

Ellis, F.P., F.E. Smith and J.D. Waiters (1972): Measurement of
Environmental Warmth in S.I. Units. Brit. J. Ind. Med., 29,
361-377
Foord, H.V.
282-286

(1968): An index of comfort for London. Met. Mag., 97

Houghten, F.C. and Yaglou, O.P. (1923): Determining lines of equal
comfort. Trans. Amer. Soc. Heat. Vent. Eng., 29, 163-176.
Hounam, C.E. (1967): Meteorological factors affecting physical
comfort (with special reference to Alice Springs, Australia).
Int. J. Biom., 11, 151-162.

Malhotra, M.S. (1955) : Environmental comfort zone in a warm and
humid atmosphere. J. Sci. Ind. Res., 469-473
Missenard,A.

(1933) - Etude physiologique

et technique de la ventilation.

Leon Eyrolles, Paris.
Olaniran, O.J. (1982): The Physiological climate of Korin,
Nigeria. Arch. Met. Geoph. Biokl, B, 21, 287-299

Pennas, P.J. (1984):
Mediterranean Sea.

A study of discomfort index on the islands of
Arch Met. Geoph. Biokl., B, 34, 365-373

Stephenson, P.M. (1963): An index of comfort for Singapore.
Met. Mag.
92, 338-345

Thom, E.C. (1959): To obtain an estimate of E.T. from a linear
relationship based on dry and wet bulb temperatures. Weatherwise
1257-1260.

Fig. 1

EFFECTIVE TEMPERATURE FOR GARISSA TOWN COMPUTED
BY THE 3 METHODS FOR 06 GMT AND 12 GMT
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EFFECTIVE TEMPERATURE FOR NAIROBI TOWN COMPUTED
BY THE 3 METHODS FOR 06 GMT AND 12 GMT
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EFFECTIVE TEMPERATURE FOR MACHAKOS TOWN COMPUTED
BY THE 3 METHODS FOR 06 GMT AND 12 GMT
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EFFECTIVE TEMPERATURE FOR MOMBASA TOWN COMPUTED
BY THE 3 METHODS FOR 06 GMT AND 12 GMT
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CONSIDERATION OF BIOCLIMATIC CHARACTERISTICS IN
ARCHITECTURAL PLANNING AND ORGANIZATION OF HEALTH RESORTS
ON THE CASPIAN COASTLINE

A.D. Eyubov
Institute of Geography, Academy of Sciences
of the Azerbaijan SSR, Baku, USSR
I.I. Aliyev
Institute of Architecture and Art, Academy
of Sciences of the Azerbaijan SSR, Baku, USSR

M.S. Kasimov
Republican Clinical Hospital after M. Mir-Kasinov,
Ministry of Health of the Azerbaijan, SSR, USSR

Introduction
A strong demand has recently emerged for mastering and rational
utilization of the natural resources of the Caspian coastline for the
purpose of creating health and other resort places.

The Length of the Caspian Sea fron north to south is appriximately
1300 km. The climate of the steppe zone in the north gradually turns into
humid subtropical climate in the south.
Local circulation characteristics
strongly influencing both the weather regime and the formation of regions
with a very special microclimate are created under the influence of the
orography in the west and of the large deserts in the east.
It is
important to consider these features in all architectural-planning
decisions concerning health resorts in the area.

Sunshine and solar radiation

The predominance of anticyclone formations in summer determines
the main distinguishing feature of the coastline - the abundance of sun
light particularly in July and August.
During the period May to October
approximately 90% of the days on the eastern and 70% of the days on the
western coastlines are sunny.

According to Z.I. Pivovarova (1977), the annual amount of solar
radiation is 165 kcal/cm^ in the north and 190 in the south.
Ultra-violet radiation which is fundamental for the heliotherapy
conditions is also high. Our calculations for determining the normal
irradiation conditions showed that on the coastline the initial erythema
dose in July in the afternoon varies from 12 min in the south to 16 min
in the north.
In April-October the duration dose of irradiation of nonsunburnt skin reaches 18-35 min. The abundance of sunlight on the Caspian
coastline, unlike other seaside regions of the USSR, ensures a whole
course of heliotherapy during the April-October months (Eyubov, Gajiyev,
1986).
The duration of sunlight and the long swimming season
(4-6 months) determine the general direction of the development of health
and other resorts to be climatically or cIimato-baIneologicaILy oriented.
More than 90 per cent of now existing resorts and recreational install
ations are of this character.
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The thermal bioclimate
A main indicator of the biocLimate - the equivalent-effective
temperature (EET) - in summer, as a rule, is characterized by the re
iteration of periods of discomfort with warm and often hot, but in the
transition period cool conditions. The peculiarities of the EET distribu
tion during characteristic months can be seen, for instance, at the
Mardakan health resort which is situated on the Apsheron peninsula.

On ordinary days with sunny, hot and dry but sometimes hot and
humid weather, hyperthermia conditions continue from 11.00 to 16-17.00 h.
As one moves away from the coastline the frequency and thermic level of
dry weather increase.
In fact the sea does not essentially affect
landscape of the Caspian coastline especially in its
repetition of days with dry weather (30-80 per cent)
spread of desert and semi-desert landscape up to the
this fact.

the weather and
eastern zone. The
and the continuous
seashore testify

Where the influence of the sea is essential, the high summer
temperature sometimes is combined with high humidity of air which results
in humid-tropical weather.
In August this may happen for 5 days in
Astara, 3 days in Gasan-Kuli.
This kind of weather and consequently also
sultrinessis even more likely to occur on the islands of the Central
Caspi (5-10 days).

Consideration of the effect of shade is of great importance for
the use of aeroheliobaths. Our measurements on hot days^of vertical solar
radiation on a horizontal surface of 1.35 - 1.40 kcal/cm .min and an air
temperature of 30-35°Cshowed that the EET differences between the semi
desert and the forest zone caused by winds may reach 3 - 4 C, though the
condition of hyperthermia remains unchanged.
The weather is indeed more
stuffy in the forest zone when there is wind.
Similar measurements have been carried out under the crowns of
big trees a little bit away from the seashore.
Calculations show that
the change of the EET is bigger under those conditions and in the after
noon could be as much as 4 - 5°C. The above-stated differences of the EET
wear off gradually from the afternoon up to the evening.
Impact of winds

On several days the strong winds which blow mainly from the
north are the limiting factor for the utilization of favourable natural
climatic resources.
Coastal regions of Central Caspi along the triangle
Baku-Makhachkala-Schevchenko are especially dynamic in this respect. The
number of days with strong winds (15 m/sec and more) reaches 45-70.
In
winter it may be impossible to stay in the open air due to the wind.
Wind-protection devices have to be created for carrying out climatotherapic
treatment.
This is also important for the organization of rest condi
tions for workers in Baku, Sumgait, Makhachkala and Schevchenko where
means for recreation are very Limited in comparison with other big cities
in our country.

This problem has been partly solved by creating walking paths
protected from the northern winds by forest areas in health resorts within
or in the suburbs of the big populated areas.
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When the temperature is high, northern winds may reduce the heat
sensation of man.
In this connection northern winds, especially the Hazri,
must not be considered as an unhealthy wind.
Days with unfavourable
weather due to wind speed of 20 m/sec may bring meteopathic reactions owing
to the sudden fall of the atmosphere pressure.
Strong winds also reduce
the swimming season to 10-15, in some years to 20 days.

Tide and water temperature
The change from high to low tide, causing a decrease in water
temperature is another limiting factor in utilization of thalassotherapy
on the eastern coastline of Central Caspi.
In July and August the contrast
between the temgerature of water and air in the morning is 8-10 C in the
afternoon 20-28 C, and in several days even 30 C. It causes a convulsion
even in the trained men. This rules out the possibility of mass utiliza
tion of thalassotherapy and of creating in this area any zones for
prolonged rest. As the Eastern coast of Caspi surpasses the western in
frequency of sunny days, it is necessary, in order to utilize the rich
helioresources for a brief rest, to create artificial lagoons.

Regionalization of the Caspian coastline according to climate
In summer there is no sharp climatic distinction between the
northern and southern districts of the eastern coastline.
In winter this
distinction is more essential and especially noticeable in the frequency
of days with frost.
Consequently, for preservation of reasonable standards in
buildings through both the summer and winter, it is important to find
measures of protection against heat in summer and cold with biting winds
in winter (Guriyev, the fort of Schevchenko). To do this, it is important
to take into account the peculiarities of various regions and to divide
the territory into districts with consideration of their characteristic
climate conditions.

The system used for dividing the landscape into districts,
applied to the Azerbaijan part of the coastline, has a length of about
800 km and is based upon the dominating elements of the landscape and
the thermic conditions.
Those elements which play the main role in forming the thermo
physical and hygienic characteristics of the microclimate of the coastline
are of vital importance. This approach allows taking into consideration
the influence not only of different complexes of meteorological parameters
in general but also of special additional factors of importance to the
resort zone and its buildings.
For instance, the repeated occurrence of
the strong Khazri winds in the Apsheron peninsula sharply distinguishes
the peninsula and adjoining territories from other parts of the coast
line and have an important impact upon the choice of corrugated edifices
and planning structure of buildings in general.

Planning protection of health resorts
Another region of the coastline - Lenkoran-Astara - is also
distinguished by its large amount of rain and snow during the autumn
winter-spring period (more than 1000 mm). This must also be considered
in planning the protection of health resorts, which is being done in
the following ways:

- Designing barriers for protection against sun and heat;
equipping buildings with systems for artificial cooling;
creating large
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green areas within the territory of the complex by means of planting
trees and shrubs;
erecting different architectural designs such as
sunshades, arbours, umbrellas;
increasing the density of buildings
compared with regions of temperate climate;
concentric placing of
service institutions and designing shady galleries towards them;
are
all among measures which are obligatory for the whole of the coastline.
Further means which are applied in certain areas are:
Creating forest-protection zones which mitigate the
harmful influence of northerly winds;
locating buildings of a health
resort mainly in the longitudinal direction of winds;
creating closed
in areas in health resorts partly for protection against blowing winds.

- Creating suitable territories for health resort complexes
in forest zones and regions with humid tropical weather by means of
optimal tracking of roads, streets and paths; diminishing too much
dampness of weather by projecting institutions for rest and treatment
with Little heat inertia; protecting of buildings and edifices from
infiltration of external moisture by means of hydro-isolation (parti
cularly in Apsheron).
Designing artificial Lagoons, open-air pools with pre
heating (for winter use), canals, etc. are typical means to be taken
on the eastern coastline.

In the whole region wide use is being made of solar and wind
energy for the energy-supply of the recreational complexes.
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