Journal of the Georgian Geophysical Society, ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 21(1), 2018, pp.48-62

On the Connection of Monthly Mean of Some Simple Thermal Indices
and Tourism Climate Index with the Mortality of the Population of
Thilisi City Apropos of Cardiovascular Diseases

!Avtandil G. Amiranashvili, 2Nino D. Japaridze, *Ketevan R. Khazaradze

!Mikheil Nodia Institute of Geophysics of lvane Javakhishvili Thilisi State University, Tbilisi, Georgia
1, M. Alexidze Str., 0160, Thilisi, Georgia, e-mail: avtandilamiranashvili@gmail.com
2Thilisi State Medical University
3Georgian State Teaching University of Physical Education and Sport

ABSTRACT

The comparative analysis of the connection of eight simple thermal indices and Tourism Climate Index
(TCI) 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.
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Introduction

Human health in essence depends on the means of her life (50 - 55 %), then from the environmental
conditions (25 - 30 %), and finally - from the efforts of medicine [1]. Different anthropogenic loads on the
living environment of people increase the risks of action on their health and life [1-5].

Studies of weather conditions, climate change, quality of atmospheric air, and also of different helio-
geophysical and space factors for the human organism, are conducted in many countries of the world [6-11].

Significant number of works is devoted to the study of influence on the human health of separate
meteorological and helio-geophysical elements, parameters of space weather, and also of their combinations:
air temperature [1,4,10, 12], humidity, wind speed, atmospheric pressure, solar activity (Wolf’s number), the
geomagnetic fields , solar radiation, the cosmic rays [1, 12-20], light ions [1,21-24], aerosols [1,25], ozone
[1,26-28], other air toxic admixtures and etc. [1,3-5]. Thus, are well known as the effects of a significant
increase in the mortality of population with the strong cold and the extreme heat [29-32].

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 [33-37].

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 -
WBGT, Tourism Climate Index - TCI) and others [33-43].
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Complex thermal indices are 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. [41,44-48]).

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 [1,2,10,19,20,32,34,38,40,49,50].

For example, in the works [40,50] results of studying the connection of average-daily values of
equivalent-effective temperature in Thbilisi 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 in the work [32] 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 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
Thilisi city in 1984-2010 are presented in the work [19]. In particular, it was found that within the variation
range the contribution of 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.

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 [20,34,39,51].
In this case usually is used the standard scale and categories of the majority of these indices, used 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 Thilisi 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, are represented below.

Material and methods

The data of M. Nodia Institute of Geophysics about the mean monthly decade mortality for reasons
the cardiovascular diseases in Thilisi for 1 million inhabitants from 1980 through 1992 (below — Mortality),
and also data of agency on the environment about the mean and mean max monthly values of air temperature
- T (°C), mean and mean min air relative humidity — RH (%), and wind speed - V (m/sec) during the
indicated period of time were used in the work.

The analysis of data with the aid of the standard methods of mathematical statistics [52] was
conducted. All 156 cases were analyzed (months).

The following designations besides intelligible will be used below: Range — variation scope (Max —
Min); o - standard deviation; om - standard error (68% - confidence interval of mean values); C, =
100-c/Average - coefficient of variation (%); CONF-L and CONF-U - 99% upper and lower levels of the
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confidence interval of the average correspondingly; R - coefficient of linear correlation; R? — coefficient of
determination, a - the level of significance.
The connection of Mortality with 8 simple thermal indices, and also with the Tourism Climate Index
was studied in the work [40,53-69]. The values of simple thermal indices were calculated both according to
mean monthly data of the above indicated meteorological parameters and by the mean monthly data about
their values in 13 hours (below - Mean and Mean_Max correspondingly).
Information about eight simple thermal indices and Tourism Climate Index formulas, abbreviations,

scales and category are presented in tables 1 and 2.

Table 1.

Eight simple thermal indices formula, scales and category

Equivalent-Effective Temperature [40,53]:

EET = 125.Lg(1+0.02-T+0.0001-(T-8) - (RH-60)-

0.0045-(33-T) - V%), °C

Effective Temperature [54,55]:

ET = 37-(37-T)/(0.68-0.0014-RH+1/(1.76+1.4-V/075))

-0.29-T- (1-0.01-RH), °C

<1 Sharply coldly <1 Very cold
1-8 Coldly 1-9 Cold
9-16 Moderately coldly 9-17 Cool
17-22 Comfortably 17-21 Comfortable
23-27 Warmly 21-23 Warm
>27 Hotly 23-27 Hot
>27 Very Hot
Effective Temperature [56-58]: Humindex [59]:
TE =T-0.4- (T-10) - (1-RH/100), °C HI = T+0.5555:(e-10), °C
<16.1 Cool <30 Comfortable
16.1-20 Comfortable 30+40 Warm
20.1-24 Slightly humid 40+45 Hot
> 24 Humid 45+55 Very hot
>55 Extreme hot

Equivalent temperature [60-62]:

TEK=T+15-¢, °C

Wet-Bulb-Globe-Temperature [63]:
WBGT =0.567-T+0.393-¢+3.94, °C

<18 Very cold <18 Comfortable
18+24 Cold 18+24 Warm
2432 Cool 2428 Hot
32+44 Comfortable 28+30 Very hot
4456 Warm >30 Extreme hot
>56 Hot

Temperature - Humidity Index [64]:
THI =T - (0.55-0.0055-RH) :(T-14.5), °C

Cooling Power [65-67]:

CP =(0.26+0.34- V9622).(36.5-T), Mecal/cm /sec

<-40 Extreme cold 0+4 Hot-sultry-uncomfortable
-40+-20 Very high cold 5+9 Warm-comfortable
-10+-1.8 High cold 10+19 Mild-pleasant
-1.8+13 Moderate cold 20+29 Cool

13+15 Low cold 30+39 Cold-Slightly uncomfortable

15+20 No discomfort 40+49 Moderately — very uncomfortable
20+26.5 Hot 50+59 Unpleasantly — extremely cold
26.5+30 Very hot 60+70 Unbearably cold

>30 Extreme hot

T — air temperature, °C; RH — air relative humidity, %; V - wind speed, m/sec; e - water vapor pressure, hPa
°C in this table is so-called perceptible temperature.
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Table 2.

Tourism Climate Index formula, scale and category

Tourism Climate Index [20,68,69]:

TCI = 2. [(4-Cld)+Cla+(2-R)+(2-:S)+W]

TCI Category TCI Category
90 + 100 Ideal 40 + 49 Marginal
80 + 89 Excellent 30+39 Unfavorable
70+ 79 Very Good 20 + 29 Very Unfavorable
60 + 69 Good 10+ 19 Extremely Unfavorable
50 + 59 Acceptable -30+9 Impossible

Cld is a daytime comfort index, consisting of the mean maximum air temperature Ta, max (°C) and the mean
minimum relative humidity RH (%), Cla is the daily comfort index, consisting of the mean air temperature
(°C) and the mean relative humidity (%), R is the precipitation index, S is the daily sunshine duration index,
and W is the mean wind speed index. In contrast to other climate indices, every contributing parameter is
assessed. Because of a weighting factor (a value for TCI of 100), every factor can reach 5 points. TCI values
>= 80 are excellent, while values between 60 and 79 are regarded as good to very good. Lower values (40 —
59) are acceptable, but values < 40 indicate bad or difficult conditions for understandable to all tourism.

For studying the possibility of applying of the standard scales and categories of the above indicated
indices as the bioclimatic indicator in monthly time scale the data of table 3 are used.

Table 3.

Repetition of mean monthly decade mortality from the cardiovascular diseases in Thilisi to 1 million
inhabitants in 1980-1992 on the different levels of mortality (%) [70]

Low Lowered Moderate Increased High Extreme
<75 >75-95 >05-115 >115-135 >135-155 >155
3.21 27.56 38.46 23.08 7.05 0.64

Below, the different rate of bioclimatic comfort or discomfort of environment for the people was
evaluated according to the values of mortality <115 and > 115 respectively.

Results and discussion

Results in Table 4-6 and Fig. 1-11 are presented.

In Table 4 the statistical characteristics of eight simple thermal indices, TCI and Mortality in Thilisi
in 1980-1992 are presented. In the upper part of Table 4 the statistical data about the mean monthly values of
eight thermal indices, and in the lower part - analogous data for 13 hours are represented. Data about TCI
and Mortality respectively - mean monthly and mean monthly decade (led to the ten-day period, since in the
months a different quantity of days).

In correspondence with Table 1 scale of thermal indices the following ranges cover:

EET: <1+ >27°C; ET: <1+ >27°C; TE: < 16.1 +> 24°C; THI: <-40+>30°C; TEK: <18+>56°C; HI:

<30+>55°C; WBGT: <18+>30°C; CP: 0-4+60-70 Mcal/cmzlsec.
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The statistical characteristics of eight simple thermal indices, TCI and Mortality

Table 4.

o EET | ET | TE | THI | TEK | HI |WBGT| CP | TCI | Mortality
arameter
Mean
Average | 87 | 104 [ 125 | 131 | 295 | 135 | 156 | 131 [ 652 | 106.1
Min 88 | 41 | 01 | 07 60 | -39 52 | 56 | 380 69.0
Max 216 | 224 | 235 | 235 | 569 | 315 | 265 | 26.2 | 89.0 | 167.8
Range | 304 | 265 | 236 | 228 | 50.8 | 354 | 213 | 206 | 510 98.8
StDev | 88 | 74 | 70 | 67 | 154 | 108 | 65 [ 45 | 135 19.0
om 07 | 06 | 06 [ 05 1.2 0.9 05 | 04 | 11 15
Cv(%) | 1007 | 712 | 560 | 51.0 | 523 | 79.6 | 416 | 346 | 207 17.9
CONF-L | 69 | 88 | 110 | 117 | 262 | 112 | 142 [ 122 | 623 [ 1021
CONF-U | 106 | 120 | 140 | 145 | 328 | 159 | 170 | 141 | 681 | 1102
Mean_Max
Average | 139 | 153 [ 167 [ 172 | 360 | 195 | 191 | 9.9 [ 652 | 1061
Min 29 | 03 | 29 | 42 | 89 -1.1 68 | 17 | 380 69.0
Max 261 | 275 | 277 | 271 | 651 | 392 | 309 | 231 [ 89.0 | 167.8
Range | 290 | 272 | 248 | 230 | 562 | 403 | 241 | 214 | 510 98.8
StDev | 82 | 75 | 70 | 64 | 163 | 117 | 70 [ 49 | 135 19.0
om 07 | 06 | 06 | 05 1.3 0.9 06 | 04 | 11 15
Cv(%) | 587 | 491 | 419 | 373 | 453 | 598 | 367 | 495 | 207 17.9
CONF-L | 122 | 137 | 152 | 158 | 325 | 170 | 176 [ 89 | 623 [ 1021
CONF-U | 157 | 169 | 182 | 186 | 395 | 220 | 206 | 11.0 | 681 | 1102

The comparison of Tables 1 and 4 shows that the complete range of the standard scale of thermal
indices only the mean monthly values for 13 hours of the following indices cover: ET, TE, TEK and
WBGT (Table 4, Bold, Italic).

Table 5.

Correlation matrix of the investigated parameters. Right side — Mean_Max monthly values of eight simple
thermal indices; left side - Mean monthly values of eight simple thermal indices.

a(R) <0.001
Parameter Mean_Max
EET ET TE THI | TEK | HI | WBGT| CP TCIl | Mortality

EET 1 1.00 099 | 099 | 0.99 | 0.99 0.99 -0.96 0.80 -0.69

ET 1.00 1 099 | 099 | 099 | 0.99 0.99 -0.97 0.77 -0.69

TE 0.99 | 0.98 1 1.00 | 0.99 | 1.00 1.00 -0.93 0.79 -0.68

THI 0.99 | 0.98 1.00 1 0.99 | 1.00 1.00 -0.92 0.80 -0.68

S TEK 0.99 | 0.98 0.99 | 0.99 1 1.00 1.00 -0.94 0.74 -0.68
§ HI 0.99 | 0.99 1.00 | 1.00 | 1.00 1 1.00 -0.93 0.76 -0.68
WBGT | 0.99 | 0.99 1.00 | 1.00 | 1.00 | 1.00 1 -0.94 0.76 -0.68

CP -092 | -095 | -0.87 | -0.86 | -0.89 | -0.88 | -0.88 1 -0.69 0.67

TCI 0.77 | 0.74 077 | 078 | 0.72 | 0.74 0.74 -0.61 1 -0.50

Mortality | -0.69 | -0.69 | -0.68 | -0.68 | -0.68 | -0.68 | -0.68 0.64 -0.50 1
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As follows from Table 5 practically direct functional connection is observed between all eight simple
thermal indices. The minimum absolute value of the coefficient of linear correlation for the mean monthly
values of thermal indices is equal to 0.86, maximum - 1. For the mean monthly values of thermal indices in
13 hours linear correlation between them is higher (0.92<IRI<1). Somewhat below value R between TCI and
thermal indices (0.61<IRI<0.78 and 0.69<IRI<0.80 in the case of the mean monthly and mean monthly values
of thermal indices in 13 hours respectively), which indicates the nonlinearity of the relationship between
them.

It also follows from Table 5 that 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. In this case let us note that the level of correlation of mortality with the simple thermal indices
(0.64<IRI<0.69) much the same as with the mean monthly maximum and mean monthly air temperature, and
also with Cla (R = -0.65, -0.66 and -0.63 respectively [20]).

Fig. 1-9 presents visual information about the values of mortality in different ranges of the standard
scale of simple thermal indices and TCI. In particular, it is clearly evident from these Figures that in the case
of the mean monthly values of simple thermal indices in 13 hours is covered the larger range of the standard
scale of these indices, than in the case of their mean monthly values (analogous information is represented
above in Table 4).
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As it was noted above, the complete range of the standard scale of thermal indices cover mean
monthly values for 13 hours of such indices as: ET, TE, TEK and WBGT (Fig. 2,3,5 and 7; in the case with
TEK complete range of the standard scale it is covered also for its mean monthly values, Fig. 5).

It also follows from Fig. 2,3,5 and 7 that classical form the distributions of mortality over the scale
ranges of thermal indices (reduction in the mortality from the gradations with the low uncomfortable values
of the scale to the comfortable, and by further increase of the mortality in the gradations with the high
uncomfortable values of the scale) for ET, TEK u WBGT are observed. However, the distribution of
mortality over the scale ranges ET (Fig. 2) better corresponds the distribution of mortality along its levels
(table 3). Thus, the most representative for the description bioclimatic situation appears air effective
temperature ET in 13 hours by Missenard [54,55].

As far as TCl is concerned, this index, without being especially thermal, in the limits of its standard
scale also completely adequately corresponds to the bioclimatic situation of environment for the so-called

“average tourist” (Fig. 9).
Table 6.

Coefficients of the equation of the regression of connection TCI with different simple thermal indices. o(R?)

<0.001

Parameter TCl=a-x®+b-x?+c-x+d

a b c d R?

EET Max -0.0108 0.336 - 0.6953 45.537 0.8418
ET_Max -0.0134 0.4872 -2.8911 50.285 0.8366
TE_Max -0.0154 0.6195 -5.1183 56.928 0.8566
THI_Max -0.0203 0.86 - 8.681 70.445 0.8587
HI_Max -0.003 0.1198 0.2755 43.804 0.8546
TEK Max -0.0009 0.0727 - 0.5586 42.12 0.8411
WBGT_Max -0.0135 0.6225 - 6.4081 62.42 0.8533
CP_Max 0.0297 -1.126 10.403 48.413 0.6158

Finally, Table 6 presents the data about the values of the coefficients of the equation of the
regression of the connection between the average monthly values of simple thermal indices 13 hours and
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TCI. Fig. 11 and 12 depict two graphic examples of these connections (respectively - TCIl and ET, TCI and
CP).
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As it follows from the indicated Table and the Figures, connection TCI with the simple thermal
indices is satisfactorily described by the third power polynomial. Thus, if it is necessary, using values of
simple thermal indices in the first approximation, it is possible to estimate values of TCI.

Conclusion

As a whole, all eight simple thermal indices and Tourism Climate Index adequately correspond to the degree
of the bioclimatic comfort of environment for the “average person” and “average tourist” - with an increase
in the level of comfort the mortality diminishes. Most representative for this purpose is Missenard air
effective temperature in 13 hours.
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A.T'. AmupanamBuiu, H.JI. /xanapunse, K.P. Xa3zapan3e

Pe3rome

IIpencraBieH CpaBHUTENBHBIA aHAU3 CBS3M BOCBMH IIPOCTBIX TEPMAaJIbHBIX MHIEKCOB M KIMMAaTHYECKOIO
nanekca typusma (KUT) ¢ mecsyHOM CMEPTHOCTBIO HaceleHHs ropojaa TOWIMCH MO TOBOAY cepAcyYHO-
COCYIHCTHIX 3a00IeBaHUi. 3HAYEHHUS IPOCTHIX TEPMAIBHBIX MHIIEKCOB PACCUUTHIBAIUCH C UCIIOJIb30BAHUEM
CPCAHCMECAYHBIX M CPCAHHUX MCECAYHBIX 3a 13 yacos JaHHBIX METCOPOJIOTMYCCKUX DJICMCHTOB. MC)KILy
BCEMH HW3yYCHHBIMH IIPOCTBIMH TEPMAJbHBIMH HHAEKCAMH HAOMIONAeTCs MPAKTHYECKH —IpsMast
(yHKIIMOHANBHAS CBSI3b C KOX(POUIMEHTOM JHHEWHOW Koppemsiuuu He Hibke 0.86. CBiI3p MPOCTHIX
TepManbHBIX HHACKCOB ¢ KUT HenuHeliHas u MeeT BUJ] IOJMHOMA TPEThEH CTETICHH.

N3ydeHa BO3MOYKHOCTh UCIONB30BAHNS CTAHJAPTHBIX IIKAJ M KaTErOpUH yKa3aHHBIX MHIECKCOB B Ka4eCTBE
OMOKJIMMATHYECKOTO II0Ka3aTessi B MECAYHOM Maciirade BpPEMCHU. B oejaoM, BCE€ HMHIACKCHI aJICKBATHO
COOTBETCTBYIOT CTENICHH OMOKIMMATHYECKOH KOM(MOPTHOCTH OKPYXKAIOIIEH Cpespl JJIs JII0Jel — ¢ POCTOM
YpOBHS KOM(OPTHOCTH CMEPTHOCTh yObiBaeT. Hamboiee jxe perpe3eHTaTuBHON AJIsl 3TOHM LeNH sSBIseTCs
a¢(hekTUBHAS TeMIiepaTypa Bo3ayxa 1o Muccenapy 3a 13 yacos.
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