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Introduction

It is known that generally, the human health is primarily affected by the lifestyle (50 — 55%), then — by the
environment (25 — 30%), and finally — by heritage and medical care. Additional anthropogenic or natural (various
types of geophysical disasters, epidemics, pandemics, etc.) significantly increase the level of the above risk factors
of stress on the biosphere, affecting human health and life [1-4; https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200327-sitrep-67-covid-19.pdf].

M. Nodia Institute of Geophysics, TSU for many decades, together with various medical organizations, has
been conducting research into the connection of different natural and anthropogenic (meteorological, climatic,
geophysical, space, anthropogenic atmospheric pollution, etc.) factors with the health of the population of Georgia.
Over the past 10 years, this research has been successfully continued together with Tbilisi State Medical University
and Ministry of Internally Displaced Persons from Occupied Territories, Labour, Health and Social Affair of
Georgia within the framework of the National Scientific Project "Research of natural and anthropogenic
characteristics and phenomena in Georgia with the aim of creating safe ecosystems and supporting sustainable
economic development" (2014-2023). As part of this program, a number of studies have also been carried out to
study the bioclimatic potential of Georgia in terms of promoting the development of the resort and tourism
industry.

During the Covid-19 pandemic, a number of works were carried out on statistical analysis of various
components of the pandemic (infection cases, infection rate, death cases) in Georgia. A comparison was also made
of the epidemiological situation in Georgia with neighboring countries and in the world. For Georgia it was
regularly carried out interval forecasting of infection cases, infection rate, death cases (ten-day, two-week and
monthly).

A brief overview on these researches is presented below [4-35].
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Results and discussion

The meteorological, bio meteorological, bioclimatic, geophysical and other parameters, which sufficiently
affect the human beings, are the followings:

Separate meteorological and geophysical elements, space weather parameters and its combinations: air
temperature, humidity, wind speed, atmospheric pressure, cloud cover, solar activity (Wolf’s number), the
geomagnetic fields, atmospheric electricity, thunderstorms, solar radiation, the cosmic rays, radioactivity, light
ions, aerosols, ozone, other air toxic admixtures and etc. [ 1-4, 10,13,19,21].

Different simple thermal indices involve more than one climatological parameter and consider the combined
effects (air equivalent- effective temperature EET, Equivalent temperature (TEK), Wet-bulb-globe temperature
(WBGT), Tourism Climate Index (TCI), Holiday Climate Index (HCI) [ 8,9,11,12,14-16, 22,23] and others.

Typically, these indices have a scale with corresponding categories that are easy for the population to
understand ("Sharply Coldly", "Comfortably”, "Warmly", "Unfavorable", "Very Good", "Ideal", etc.) [16].

The effects of the action of environmental factors on human health have different scales - from minute, hour,
day, decade and month to the seasonal and annual [1-4].

For example, in the works [12] results of studying the connection of average-daily values of equivalent-
effective temperature in Tbilisi with the mortality of the population of this city from the cardiovascular diseases
are represented. It is obtained that the dependence of mortality on EET takes the classical form - the decrease of
mortality from the gradation "Sharply Coldly" to "Comfortably" with further increase to the gradation "Warmly".

It is found [13] that the relationship between the average monthly air temperature in Kutaisi (Georgia) and
such indices of the health of population as the total number of emergency medical calls, cases of hospitalizations
and deaths has the form of a third power polynomial. In general, in the warm months there is a decrease of the
total number of emergency medical calls, cases of hospitalizations and deaths. In the hot months, there is a
worsening in these indicators of health, comparable to the cold months of the year (increase of the emergency
medical calls, cases of hospitalizations and deaths). The similar results were obtained for the Kakheti region [19].

The comparative analysis of the connection of eight simple thermal indices and Tourism Climate Index (TCI)
with the monthly mortality of the population of Thbilisi city apropos of cardiovascular diseases in [16] is
represented. The values of simple thermal indices were calculated with the use of mean monthly and mean
monthly for 13 hour data of meteorological elements. Between all studied simple thermal indices practically direct
functional connection with the coefficient of linear correlation not lower than 0.86 is observed. The connection of
simple thermal indices with the TCI is nonlinear and takes the form of third power polynomial. The possibility of
using the standard scales and categories of the indicated indices as the bioclimatic indicator in monthly time scale
is studied. As a whole, all indices adequately correspond to the degree of the bioclimatic comfort of environment
for the people - with an increase in the level of comfort the mortality diminishes. Most representative for this
purpose is Missenard air effective temperature in 13 hour [16].

Results of study on connection of Holiday Climate Index (HCI) and its components and components ratings
with public health (on example of Tbilisi - mortality by cardiovascular deseases and Kakheti Region of Georgia -
ambulance calls, hospitalization, total mortality) in [22] are presented. It is shown that, in general, all indicators
adequately correspond to the degree of bioclimatic comfort of the living environment for people. In particular, the
relationship between HCI and mortality in Tbilisi has the form of a second-degree polynomial, and in Kakheti - a
third-degree polynomial. At the same time, with an increase in the degree of bioclimatic comfort to the category
"Very good", there is a tendency for a decrease in mortality. With the transition to the “Excellent” category, there
is a slight increase in mortality. A similar result for some components of the HCI and the ratings of these
components was obtained. It is proposed to make adjustments in determining the degree of comfort of bioclimatic
index scales for the population, taking into account local social and climatic conditions.

The results of a study of the effect of the annual changeability of air temperature, surface ozone concentration
and neutron component of galactic cosmic ray intensity on the mortality of the population of Thbilisi city in 1984-

2010 are presented in the work [10]. In particular, it was found that within the variation range the contribution of
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the studied parameters to mortality variability is as follows: a random component of air temperature - 8.5%, real
values of surface ozone concentration and cosmic ray intensity - 20.9% and 16.5%, respectively. Results of study of
influence of variations of the annual intensity of neutron component of galactic cosmic rays on the mortality of the
population of Georgia in 1995-2014 in [21] are presented. In particular, the previously obtained results on a direct
correlation between the intensity of cosmic rays and total mortality of the population have been confirmed [10].
However, as it turned out, an increase in the intensity of cosmic rays mainly increases the mortality rate of the
male part of the population of Georgia. The mortality rate of women is very weakly dependent to the galactic
cosmic rays influence.

The works [7,17,20,35] present the results of a study of variations in monthly fluctuations in mortality from
cardiovascular diseases in Thilisi, the variability of mortality in Georgia and its regions in different seasons and
periods of the year.

The results of work on the bioclimatic zoning of the territory of Georgia (including for assessing the
bioclimatic potential of the resort and tourism industry) are presented in [5,6,8,9,11,14,15,18,22,23].

In [5] some new data about the bioclimatic characteristics (Tourism Climate Index and light ions content in
air) of the village Mukhuri (Western Georgia), useful for the development of the health resort-tourist potential of
this locality are represented. It is shown that for the development of mass tourism the months from March through
November are favorable. The results of measurements of light ions concentration in air near the bank of river
Khobistskali, in Shurubumu karstic cave and forest showed the prospect of development in the indicated locality
ionotherapy. It is noted that all months of year are suitable for the therapeutic and preventive tourism.

In [6] data about equivalent-effective temperature of air (EET), content of light ions in air and chemical
composition of water in Bazaleti Lake (Eastern Georgia) are represented. It is shown that in the hottest months
(July, August) in Bazaleti Lake in comparison with Tbilisi the more comfortable for human health thermal
conditions is observed. The content of light ions in air in Bazaleti Lake and in the limits of several hundred meters
from it is above minimally necessary for the health of people, whereas in Dusheti ions concentration is less
minimally necessary. The data about the chemical composition of water in the lake and in the spring, which is
located in several kilometers from the lake, do not indicate the essential deflections from the standards for the
drinking water.

Results of the statistical analysis of the mean monthly data about the values of air effective temperature on
Missenard (ET) in two diametrically opposite located on the latitude geographical regions of Georgia: autonomous
republic of Adjara (below Adjara) and Kakheti region (below Kakheti) in [15] are represented. The period of a
study: 1961-2010. Values of ET expected according to the data of four meteorological stations of Adjara (Batumi,
Kobuleti, Khulo, Goderdzi crossing) and Kakheti (Telavi, Dedoplistskaro, Kvareli, Sagarejo). The intra-annual
distribution of values of ET is studied, their repetition on the categories of ET is obtained, detailed information
about the categories of mean monthly values of ET, and also their upper and lower levels 99% of confidence
interval is given, etc.

Results of a statistical analysis of monthly average of the values of air effective temperature on Missenard (ET)
in Batumi from 1956 to 2015 in [22] are presented. The intra-annual distribution of ET values in three time periods
was studied: 1956- 1985, 1956-2015, 1986-2015; their repetition of occurrence by ET categories in the specified
time periods was obtained, etc. The influence of climate change on ET values was revealed. In particular, it is
shown that in 1986-2015, compared with 1956-1985, the repetition of ET values for the category “Very cold”
decreased from 1.7% to 1.1%, “Cold” - decreased from 23.9% to 22.8%, “Cool” - increased from 35.0% to 35.8%, "
Comfortable " - decreased from 22.2% to 17.8%, " Warm " - increased from 12.5% to 13.9%, “Hot" - increased from
4.7% to 8.6%. The results of the study can find practical application for planning the development of the resort and
tourism industry in Adjara, taking into account climate change.

The importance of study of the light ions content in the atmosphere is well known. The content of light ions
in the atmosphere plays important role in molding of the physiological state of population. In work [18] some
results of studies of the influence of landscape on the ionizing state of air environment in different regions of

Georgia in recent years carried out. The data about the content of aeroions in Tbilisi and some locations of Western
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Georgia with different types of landscape (urban, forest, park, gorge, waterfalls, the coast of rivers, etc.) are
represented. In particular, it is shown that even in the limits of the strongly contaminated city the landscape has
vital importance for creating the medium ecologically favorable for human health (Tbilisi National Botanical
Garden, territory of Tbilisi Sea, etc.). The results of work can find practical application for the development of
health resort- tourist industry in Georgia.

During the Covid-19 pandemic, a number of works were carried out [25-32]. In particular, in these works
results of a statistical analysis of the daily data associated with New Coronavirus Covid-19 infection of confirmed
(C), recovered (R), deaths (D) and infection rate (I) cases of the population of Georgia in the period of pandemic are
presented. It also presents the results of the analysis of forecasting of the values of C, D and I (decade, two weeks,
monthly). The information was regularly sent to the National Center for Disease Control & Public Health of
Georgia and posted on the Facebook page https://www.facebook.com/Avtandil1948/.

The comparison of data about C and D in Georgia with similar data in Armenia, Azerbaijan, Russia, Turkey
and in the world is also carried out.

In the post-Covid-19 period, studies of the influence of various bioclimatic indices on the spread of this
infection have begun and will continue [33,34].

For example, in [33] the results of a study of the influence of diurnal values of separate components of simple
thermal indices (temperature and air relative humidity, wind speed) on the infection positivity rate with
coronavirus COVID-19 (IR) of the population of Tbilisi from September 1, 2020 to May 31, 2021 are presented. It
was found that IR values are inversely correlated with air temperature and wind speed, and positively correlated
with air relative humidity. The effect of four different thermal indices (air effective temperature and Wet-Bulb-
Globe-Temperature) on the IR values averaged over the scale ranges of their categories was studied. It has been
found that an increase of the air effective temperature leads to a decrease of the IR values. In the latter case, the
level of significance of the relationship between thermal indices and IR values is much higher than in the case of
the relationship between IR and separate components of these indices.

The results of a study of the influence of diurnal values of Angstrom Fire Index (AFI, temperature and air
relative humidity combination) on the infection positivity rate with coronavirus COVID-19 (IR) of the population
of Thilisi from September 1, 2020 to May 31, 2021 in [34] are presented. It was found that an increase in AFI values
(reduction of fire danger) leads to an increase in IR. Thus, with the “Low” fire danger category, the IR value
averaged 11.5%, and with the “Extreme” category - 3.5%. The relationship between the AFI and IR values has the
form of a second power polynomial. Thus, AFI also manifests itself as a bioclimatic indicator. In the future, it is
planned to compare AFI values with various indicators of human health.

Taking into account new data, an assessment was made of the effect of the Covid-19 pandemic on the
mortality rate of the population of Georgia and its regions [35]. It is shown, that the Covid-19 pandemic (2020-
2021) has had a significant impact on the population mortality. In particular, during the period with the Covid-19
pandemic compared to the period without the pandemic (1994-2019, 2022), the average mortality to 1000
population (M) in Georgia increased from 12.4 to 14.9 (by 2.5 units). The smallest increase in M values was
observed in Thilisi (from 11.4 to 13.3, by 1.8 units), the largest — in Racha-Lechkhumi and Kvemo Svaneti (from
21.0 to 28.8, by 7.8 units). Data on the differences in average annual mortality in Georgia and its regions for

different time intervals (including taking into account the impact of Covid-19 pandemic) are also presented [35].
Conclusion

In the future, it is planned to continue joint research into the influence of various natural and anthropogenic

factors on the health of the population of Georgia.
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