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ABSTRACT

Study on connection of Holiday Climate Index (HCI) and its components and components ratings with public
health (on Example of Thilisi - mortality by cardiovascular deseases and Kakheti Region of Georgia -
ambulance calls, hospitalization, total mortality 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 Thilisi 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.
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Introduction

Studies of weather conditions, climate change, atmospheric air quality, and also of different
heliogeophysical and space factors for the human organism, are conducted in many countries of the world
[1-8].

A significant number of works are devoted to the study of the impact on human health of individual
meteorological and heliogeophysical elements, space weather parameters, etc. In particular, these elements
include: air temperature [5, 8-11], wind speed [11], humidity [12], atmospheric pressure [13], solar activity
(Wolf’s number) [12-15], the geomagnetic fields [16-18], solar radiation [9], the cosmic rays [9, 19], light
ions [9, 20,21], aerosols [9, 22], ozone [9, 23], other air toxic admixtures and etc. [9, 24].

It is well known that the effects of a significant increase in the mortality of population with the strong
cold and the extreme heat [25-31]. For determining the extent of comfort or discomfort of the human living
environment for her health (so-called “average person”) frequently are used different simple and complex
thermal indices [32-36].

Simple thermal indices involve more than one meteorological parameter and consider the combined
effects on human organism (air equivalent- effective temperature - EET, Wet-bulb-globe temperature -
derived from energy budget models. Such indices are popular in recent years, for example: Physiologically
Equivalent Temperature (PET), Standard Effective Temperature (SET), Physiological Subjective
Temperature and Subjective Temperature (MENEX), the Universal Thermal Climate Index (UTCI) etc. [37-
41)).
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Action on the human organism by the higher indicated factors have different scales - from minute, hour,
day, decade and month to the seasonal and annual [5,7,9,14,17,19,23,30,31,33,36,42-44]. For example, in the
works [43,44] 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 in the works [30,31] that the relationship between the average monthly air temperature
in Kutaisi and Kakheti region 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).

For the bioclimatic zoning of territories (including for evaluating the bioclimatic potential of health
resort- tourist industry) frequently is used the mean monthly values of simple thermal indices [33,42,45,46].

The standard scale and categories of the majority of these indices is usually used in this case for
describing the real (hour or day) bioclimatic situation. In the latter case, as a rule, with the monthly
averaging of meteorological data occurs range reduction of the scale of thermal indices and decrease of its
sensitivity for evaluating the degree of the bioclimatic comfort of environment for the people. Therefore, the
numerical values of the standard scale of thermal indices always cannot coincide with the verbal description
of the categories of these indices. The results of investigating the connection of eight simple thermal indices
and Tourism Climate Index with the monthly mortality of the population of Thbilisi city apropos of the
cardiovascular diseases, which made it possible to estimate the representativeness of the standard scales and
categories of the indicated indices as the bioclimatic indicator in monthly time scale, were represented in
[36].

In this work, comparative analysis of the connection of eight simple thermal indices and Tourism
Climate Index (TCI) [47] with the monthly mortality of the population of Thilisi city apropos of
cardiovascular diseases is represented. The values of simple thermal indices were calculated with the use of
mean monthly and mean monthly for 13 hours 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 hours.

This work is a continuation of the study [36]. Results of investigation on connection of Holiday Climate
Index (HCI) and its components and components ratings [48-51] with public health (on Example of Thilisi -
mortality by cardiovascular deseases and Kakheti Region of Georgia - ambulance calls, hospitalization, total
mortality) are presented below.

Study Area, Material and Methods

Study area — Thilisi and Kakheti region of Georgia (below - Kakheti).

In this work the Holiday Climate Index (HCI) is used. The HCI uses five climatic variables related to
the three facets essential to tourism (table 2): thermal comfort (TC), aesthetic (A), and physical (P) facet. The
five climatic variables used for the HCI input are maximum air temperature and relative humidity (TC),
cloud cover (A), precipitation and wind (P) [48].

The HCI score is calculated according to the following formula [48]:

HCI=4T+2A+3Rg+1W.

This formula uses the following bioclimatic indicators and ratings of these indicators. Thermal
Comfort (TC) - effective temperature (°C) [47] — combination of maximum dry-bulb temperature and mean
values of relative humidity (%), rating of TC is T; CC - daily cloud cover (%), rating of CC is A; DP - daily
precipitation (mm), rating of DP is Rq; WS - wind speed (m/sec or km/hour), rating of WS is W. Values of
all HCI components rating change from 0 to 10 [48-51]. Note that below the physical dimensions of the
studied parameters are omitted.
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In this work the data of HCI for Thilisi is used [49]. For Kakheti, these data were averaged over six
locations of this region (Dedoplistskaro, Gurjaani, Kvareli, Lagodekhi, Sagarejo and Telavi) [51].

The population health indicators are as follows. Mean monthly decade mortality by cardiovascular
deseases — M; mean monthly decade values of ambulance colls - AC, hospitalization — H; total mortality —
™.

In the work analysis of data is carried out with the use of the standard statistical analysis methods.
The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; Range: Max — Min; St Dev — standard deviation; Cv, % - coefficient of variation: Cv = 100-
St Dev/Mean; R? - coefficient of determination; R - coefficient of linear correlation; a - level of significance.

R(M), ... etc. - coefficient of linear correlation between mortality, ... etc. with mean monthly values
of HCI componets and these ration respectivelly; a (R(M)), ... etc. - the corresponding values of the
significance level of the linear correlation coefficient.

Results
Results in Table 1-6 and Fig. 1-13 are presented.

Table 1. Statistical characteristics of mean monthly values of HCI and mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Variable HCI HCI Category Mortality
Mean 73 Very Good 105
Min 53 Acceptable 70
Max 89 Excellent 168
Range 36 98
St Dev 8.7 17.3
Cv, % 11.9 24.7

In Table 1 statistical characteristics of mean monthly values of HCI and mean monthly decade
mortality by cardiovascular deseases in Thilisi in 1980-1990 is presented. As follows from this Table values
of HCI change from 53 (category - Acceptable) to 89 (category - Excellent). Values of M change from 70 to
168.
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Fig.1. Connection between mean monthly values of HCI with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Connection between mean monthly values of HCI with mean monthly decade mortality by
cardiovascular deseases in Thilisi (Fig. 1) has the form of a second degree polynomial. It should be noted
that with an increase of the HCI values, in general, a decrease of mortality is observed. At the same time, at
high values of HCI, mortality tends to increase.
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This fact is also clearly demonstrated in Fig. 2. As follows from Fig. 2 in the range of HCI
categories Acceptable — Very Good, mortality by cardiovascular deseases in Thilisi decreases. With the
transition of HCI categories from Very Good to Excellent - mortality increases. And although this growth is
statistically insignificant, the some trend is still observed.
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Fig.2. Mean monthly decade mortality by cardiovascular deseases at different HCI categories in Thilisi in
1980-1990.

It should be noted that in our early studies [36, 42] it was found that the relationship between the
Tourism Climate Index (TCI) and mortality by cardiovascular deseases in Thilisi has an inverse linear
relationship. At the same time, for both TCI categories Very good and Excellent, the mortality rate in Thilisi
was the same.

Table 2. Statistical characteristics of HCI components and ratings of these components in Thilisi in

1980-1990.
Variable TC T cC A DP Rd WS W
Mean 19.2 6.2 59 5.6 40.1 8.9 0.9 10.0
Min 1.6 3 2.8 3 0.0 8 0.1 8
Max 34.1 10 9.0 9 158.7 10 1.9 10
Range 325 7.0 6.2 6.0 158.7 2 1.8 2
St Dev 9.4 2.1 1.2 1.2 334 0.3 0.4 0.2
Cv, % 48.8 33.3 19.5 21.8 83.4 3.6 44.2 2.5

In Table 2 statistical characteristics of HCI components and ratings of these components in Thilisi in
1980-1990 are presented. As follows from this Table the variability of the investigated parameters is as
follows. TC: — mean — 19.2, range of change — 1.6+34.1; T: mean — 6.2, range of change — 3+10; CC: mean —
5.9, range of change — 2.8+9.0; A: mean — 5.6, range of change — 3+9; DP: mean — 40.1, range of change —
0.0+158.7; R4: mean — 8.9, range of change — 8+10; WS: mean — 0.9, range of change — 0.1+1.9; W: mean —
10.0, range of change — 8+10.

Table 3. Linear correlation coefficient between HCI components and ratings of these components with mean
monthly decade mortality by cardiovascular deseases in Thilisi in 1980-1990.

Variable TC T CcC A DP Rd WS W
R(M) -0.65 -0.36 0.25 -0.23 -0.14 0.09 -0.18 0.00
« (R(M)) | <0.005 | <0.005 | 0.005 0.01 0.10 no sign 0.05 no sign

In Table 3 information about linear correlation coefficient between HCI components and ratings of
these components with mean monthly decade mortality by cardiovascular deseases in Thilisi is presented.
The largest value of the linear correlation coefficient between the values of M and the HCI components is -
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0.65 (with TC), the smallest is -0.14 (with DP). The largest value of the linear correlation coefficient
between the M values and the ratings of the HCI components is -0.36 (with T), the smallest is 0.0 (with W).
Thus, the TC and T parameters make the main contribution to the mortality by cardiovascular deseases
variability.

For example, in Fig. 3 shows a graph of the linear correlation between the values of TC and M.
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Fig.3. Connection between mean monthly values of TC with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Connection between mean monthly values of T with mean monthly decade mortality by
cardiovascular deseases in Thilisi in Fig. 4 is presented. As follows from this Fig. coonection between
indicated parameters has the form of a second degree polynomial (R? = 0.3078, a<0.005).
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Fig.4. Connection between mean monthly values of T with mean monthly decade mortality by
cardiovascular deseases in Thilisi in 1980-1990.

Note that the second degree polynomial describes the relationship between M and T better than
linear regression (R = -0.36, or R? = 0.1239, a<0.005, Table 3). Fig. 4 also implies that, in general, with an
increase in the values of T, mortality decreases, with the exception of values of T> 9 (some increase in
mortality). This fact determines the connection between HCI and M in the case of the HCI category
"Excellent”" (some increase in mortality, Fig.2).

The statistical characteristics of mean monthly values of HCI and mean monthly decade values of
ambulance calls, hospitalization and total mortality in Kakheti in 2013 and 2015 in Table 4 are presented.
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Table 4. Statistical characteristics of mean monthly values of HCI and mean monthly decade values of
ambulance calls, hospitalization and total mortality in Kakheti in 2013 and 2015.

Variable HCI Ambulance Calls Hospitalization Total mortality
Mean 71 1753 435 15
Min 62 1184 296 8
Max 84 2265 623 26
Range 22 1081 326 18
St Dev 6.8 335.8 79.0 4.2
Cv, % 9.6 19.1 18.2 28.0

As follows from this Table values of HCI change from 62 (category Good) to 84 (category
Excellent). Values of ambulance calls change from 1184 to 2265, hospitalization - from 296 to 623, total

mortality - from 8 to 26.
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Fig.7. Connection between mean monthly values of HCI with mean monthly decade value of total mortality
in Kakheti in 2013 and 2015.

In Fig. 5-7 connection between mean monthly values of HCI with mean monthly decade value of
ambulance calls, hospitalization and total mortality in Kakheti are presented. As follows from these Fig. all
the indicated connections have the form of a second degree polynomial (as in the case of Thilisi, Fig.1).
That is, in general with an increase of HCI values, there is a decrease of the values of AC, H and TM, and
with the HCI category Excellent), their slight increase.

Table 5. Statistical characteristics of HCI components and ratings of these components in Kakheti in 2013

and 2015.
Variable TC T CcC A DP Rd WS W
Mean 19.8 6.0 5.8 5.8 73.6 8.5 1.0 10
Min 6.3 3.3 3.8 3.8 17.0 6.5 0.8 10
Max 33.8 9.8 8.0 8.0 202.1 9.0 1.3 10
Range 27.5 6.5 4.2 4.2 185.1 25 0.5 0
St Dev 9.4 1.8 1.2 1.2 48.8 0.6 0.1 0
Cv, % 47.3 30.3 20.7 20.7 66.3 7.6 11.7 0.0

In Table 5. statistical characteristics of HCI components and ratings of these components in Kakheti
in 2013 and 2015 are presented. As follows from this Table the variability of the investigated parameters is
as follows. TC: — mean — 19.8, range of change — 6.3+33.8; T: mean — 6.0, range of change — 3.3+9.8; CC:
mean — 5.8, range of change — 3.8+8.0; A: mean — 5.8, range of change — 3.8+8.0; DP: mean — 73.6, range
of change — 17.0+202.1; Rq4: mean — 8.5, range of change — 6.5+9.0; WS: mean — 1.0, range of change —
0.8+1.3; W: mean — 10, range of change — 10+10.

Table 6. Linear correlation coefficient between HCI components and ratings of these components with mean
monthly decade values of ambulance colls, hospitalization and total mortality in Kakheti in 2013 and 2015.

Variable TC T CC A DP Rd WS w
R(AC) -0.37 -0.20 -0.30 -0.30 -0.28 0.28 0.05 0.00
a (R(AQ)) 0.075 0.35 0.15 0.15 0.2 0.2 nosigh | nosigh

R(H) -0.06 -0.29 -0.24 -0.24 -0.17 0.22 -0.22 0.00
a (R(H) no sign 0.15 0.26 0.26 no sign 0.30 0.30 no sign
R(TM) -0.57 -0.46 -0.22 -0.22 -0.25 0.26 0.35 0.00
a (R(TM)) 0.005 0.02 0.30 0.30 0.24 0.22 0.1 no sigh
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In Table 6 data about linear correlation coefficient between HCI components and ratings of these
components with mean monthly decade values of ambulance colls, hospitalization and total mortality in
Kakheti are presented.

The largest value of the linear correlation coefficient between the values of AC and the HCI
components is -0.37 (with TC), the smallest is 0.05 (with WS). The largest value of the linear correlation
coefficient between the AC values and the ratings of the HCI components is -0.30 (with A), the smallest is
0.0 (with W).

The largest value of the linear correlation coefficient between the values of H and the HCI
components is -0.24 (with CC), the smallest is -0.06 (with TC). The largest value of the linear correlation
coefficient between the H values and the ratings of the HCI components is -0.29 (with T), the smallest is 0.0
(with W).

The largest value of the linear correlation coefficient between the values of TM and the HCI
components is -0.57 (with TC), the smallest is -0.22 (with CC). The largest value of the linear correlation
coefficient between the TM values and the ratings of the HCI components is -0.46 (with T), the smallest is
0.0 (with W).

For example, in Fig. 8-13 shows a graphs of the connections between the values of TC and T with
values of ambulance calls, hospitalization and total mortality in Kakheti.
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Fig.8. Connection between mean monthly values of TC with mean monthly decade value of ambulance calls
in Kakheti in 2013 and 2015
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Fig.9. Connection between mean monthly values of T with mean monthly decade value of ambulance calls in
Kakheti in 2013 and 2015.
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Fig.10. Connection between mean monthly values of TC with mean monthly decade value of hospitalization
in Kakheti in 2013 and 2015.
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Fig.11. Connection between mean monthly values of T with mean monthly decade value of hospitalization in
Kakheti in 2013 and 2015.
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Fig.13. Connection between mean monthly values of T with mean monthly decade value of total mortality in
Kakheti in 2013 and 2015.

So, the relationship between the values of TC and AC is inverse linear, and between T and
AC - a polynomial of the second degree (Fig. 8 and 9); the relationship between the values of TC
and H is a polynomial of the second degree, and between T and H - inverse linear (Fig. 10 and 11);
the relationship between the values of TC and TM and T and TM are a polynomial of the second
degree (Fig. 11 and 13).

Thus, the relationship between the HCI and the health indicators of the population in Thilisi and
Kakheti is in general similar to the classical form of mortality distribution according to the scale of thermal
indices (a decrease in mortality from gradations with low uncomfortable values of the scale to comfortable
ones, and then there is an increase in mortality in gradations with high uncomfortable values scale) [36].

Therefore, in our opinion, it is desirable to make adjustments in determining the degree of comfort of
the HCI scale (as well as scales of other bioclimatic indices), taking into account local social and climatic
conditions.

Conclusion.

In the future, we are planning to envisage conducting similar studies for other regions of Georgia.
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CBsA3b KIIMMATHY€CKOT0 MHIEKCA 0TbIXa CO 310POBbEM JIKAei
(ua mpumepe Touaucu u Kaxerunckoro peruona, I'pysusi)

A.I'. AMupanamBmwin, A. A. Pesumusmwiu, K. P. Xazapaase, H. /1. I:xkanapuase

Pe3rome

[IpencraBneno wuccienoBanue cBsizu Kimmartnyeckoro Hupekca Otapixa (KMO), ero KOMIIOHEHT H
PEUTHHIOB 3THUX KOMIIOHCHT Ha 3J0pOBbe JIOcH (Ha mpumepe TOWIMCH - CMEPTHOCTh OT CEpACUHO-
cocyaucThIx 3aboneBannii 1 KaxernHckoro pernona ['py3un — KOTUYECTBO BEI30BOB CKOPOI MEAMIIMHCKOM
TTOMOIIIH, TOCITUTATN3AII, 00IIIeil CMEPTHOCTH).

[lokazaHo, 4To B WENOM Bce IOKa3aTelW aJeKBAaTHO COOTBETCTBYIOT CTENEHH OHOKINMATHYECKOH
KOM(OPTHOCTH cpenbl oouTanus 1is aroaei. B wactHoctH, cBsi3b KMO co cmeptHOCTRIO B TOMIIMCH nMeeT
BHJI IOJIMHOMA BTOPOU crerneHu, a B Kaxerun — nmonmHoma TpeThell creneHu. [Ipu 3ToM, ¢ MOBBIICHHEM
CTCTICHU OMOKJIMMATHYECKON KOM(pOPTHOCTH A0 Kareropuu “OueHb XOpolias” HaOIIOAAeTCs TCHICHIUS
yMeHblIeHus: cmepTHocTH. C TiepexoloM Ha YpoBeHb KOMQOpTHOCTH ¢ Kareropueit “IlpeBocxomnas’™
OTMEYaeTcs HEKOTOPBIA POCT CMEPTHOCTH. AHAJIOTHYHBIN pe3ysIbTaT MOIY4YeH JUIsl HEKOTOPBIX KOMIIOHEHT
KHMO u pedTHHrOB 3THX KOMIIOHEHT.

[pennaraeTcss BHECTH KOPPEKTHUPOBKH B OIpEJeNieHHE CTEeHH KOM(OPTHOCTH MIKan OMOKIUMATHYECKUX
WHZAEKCOB JUI HACEJIEHUS C YYETOM MECTHBIX COLIMATBHBIX U KIIMMATHYECKUX YCIOBHH.

76



