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ABSTRACT 

For the confirmation of the applicability of the scale of air equivalent-effective temperature (EET) as the 

bioclimatic index in daily time scale, the results of studying the connection of average-daily values of EET 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".  Thus, the 

existing scale EET is completely acceptable for the evaluation of the severity of exposure to the health of 

people on a daily scale also. 

The comparative analysis of mean-daily values of EET into Tbilisi (3 meteorological stations - Vashlijvari, 

Tbilisi state university, Tbilisi airport) and in Kojori (mountain health resort settlement in 10 km from the 

center of Tbilisi) is carried out. In particular it is shown that values of EET in the urbanized part of the city 

(Vashlijvari, State University) differ significantly from their values after the feature of city (Airport, Kojori);  

in Kojori are not observed negative for the health of people high values EET, which fall into the range by 

"Warmly".   
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Introduction 

As is known, the health of people in many respects depends on different natural and anthropogenic 

components of the medium of its inhabiting.  Bioclimate, which causes the degree of the comfort of the vital 

activity of man, is essential component of this medium, and therefore its studies have long ago been immediate 

for the scientific different specialties [1-5].  The urgency of these studies even more grew in the connection by 

intensive industrialization in a whole series of the countries [6], and also by the accelerated changes in the 

global and local climate [7-10], since both indicated factors are closely related to stability problem of different 

bioclimatic characteristics of environment [11-16].   

 The indicated problem is extremely urgent for Georgia, which, among entire other things, possesses 

great possibilities for realization and development of activity in the health resort-tourist sphere of the economy.  

Therefore, studies of the bioclimatic characteristics of different regions of Georgia, their special features and 

changeability, at present acquire special importance not only from a scientific point of view, but also for 

solving the whole series of practical questions, such, for example, as traveling papers of the health resort and 

tourist potential of the country [17,18].   

 Work on the traveling papers of the health resort-tourist potential of Georgia long ago is conducted 

sufficiently.  Thus, work [19] presents the sufficiently detailed description of practically health resort objects 

all acted in Georgia in the Soviet period.  In the post-Soviet period, unfortunately, the set of these objects 

ended its existence.  However, recently in the country the health resort-tourist industry again of beginning 

vigorously to be developed.  In connection with this, taking into account new knowledge in by world 

association, appeared the need for at the higher scientific level investigating the bioclimatic resources of 

different regions of Georgia.   

 In the recent two decades in Georgia are carried out sufficiently many studies in the field of 

bioclimatology, biometeorology and medical meteorology.  In particular, was studied the influence of different 

separate and complex astro-meteorological and geophysical factors on the general mortality and the mortality 

apropos of the cardiovascular diseases of the population of Tbilisi city with different scales of averaging - 
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hour, daily, monthly, annual [6,13,20-27], were studied the special features of intra-annual variations in the 

tourism climate index of for 21 points of  Georgia [28-34], were studied the separate bioclimatic characteristics 

of different known and promising health resort -tourism zones [14,15,35-41].  This work is the continuation 

of the foregoing studies.   

Below, for the confirmation of the applicability of the scale of air equivalent-effective temperature 

(EET) as bioclimatic index in daily time scale, are represented the results of studying the connection of 

average-daily values EET in Tbilisi with the mortality of the population of this city from the cardiovascular 

diseases.  Is carried out Also the comparative analysis of values of EET in Tbilisi (3 meteorological stations - 

Vashlijvari, Tbilisi State University, Tbilisi airport) and in Kojori (mountain health resort settlement in 10 km 

from the center of Tbilisi).   

 

Material and methods 

In the work the data of M. Nodia Institute of Geophysics about the daily mortality of the population 

of Tbilisi city from the cardiovascular diseases (Mortality) into the period from 1980 through 1992, and also 

data of agency on the environment (Vashlijvari, Tbilisi Airport) and I. Javakhishvili Tbilisi State University 

about the mean diurnal values of air temperature - T (°C), air relative humidity – U (%) and wind speed - V 

(m/sec) during the indicated period of time were used.  Information about coordinates and heights of the 

meteorological stations in Tbilisi and Kojori in the Table 1 are presented. 

The analysis of data with the aid of the standard methods of mathematical statistics [42] was 

conducted.  All analyzed 4749 cases.   

Table 1 

Coordinates of the meteorological stations in Tbilisi (Vashlijvari, Tbilisi State University - TSU, Airport) 

and Kojori. 

Location Lat., N° Lon., E° Height, m, a.s.l. 

Vashlijvari 41.75 44.77 518 

TSU 41.71 44.78 455 

Airport 41.67 44.95 472 

Kojori 41.67 44.70 1338 

 

The Air Equivalent- Effective Temperature Scale for Tbilisi [23] is:  <1о - Sharply coldly, 1-8о - 

Coldly, 9-16о - Moderately coldly, 17-22о - Comfortably, 23-27о - Warmly, >27о - Hotly 

 

Results and discussion 

 
 Results in Tables 2,3 and in Fig. 1,2 are represented.   

Table 2 

The statistical characteristics of daily mean values of T, U, V and EET in 3 locations of 

Tbilisi and Kojori in 1980-1992 (4749 cases of observations) 
 

Location Vashlijvari TSU 

Parameter T U V EET T U V EET 

Min -6.1 31.0 0.0 -23.9 -6.0 28.9 0.0 -20.9 

Max 31.0 97 10.3 25.7 30.9 98.0 5.6 25.5 

Average 13.0 67.5 0.9 9.5 13.2 65.6 0.7 9.2 

Location Airport Kojori 

Min -8.3 30.9 0.0 -61.9 -12.5 21.4 0.0 -52.6 

Max 31.0 100 23.1 24.4 25.1 100 9.9 20.1 

Average 12.8 70.9 4.8 3.4 7.3 74.0 1.3 1.1 
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Table 2 presents the statistical data about the values of EET and its separate component for all four 

meteorological stations.  As it follows from this table in the limits of Tbilisi of the essential difference in the 

average, maximum and minimum values of temperature and relative humidity of air it is not noted.  What 

about wind speed - its smallest values are observed at the meteorological station of Tbilisi university, greatest 

- in the airport.  Accordingly, average values of EET in Vashlijvari and TSU fall into the range of “Moderately 

coldly”, and in the airport - into the range Coldly”.  Maximum values of EET at all three meteorological 

stations in the limits of city fall into the range of “Warmly”, minimum - “Sharply coldly”.   

In Kojori, because of the height of locality, the average annual temperature of air is approximately on 

6°C lower than in Tbilisi, relative humidity somewhat higher than at all three stations into Tbilisi, wind speed 

approximately such, as in Vashlijvari.  Accordingly, in Kojori, in contrast to TSU and Vashlijvari, average 

annual value of EET falls into the range “Coldly”.  Maximum value of EET in Kojori, in contrast to all stations 

of Tbilisi, falls into the range “Comfortably”.  

 

 

 

Fig. 1. Mean daily mortality from the cardiovascular diseases in Tbilisi to 1 million inhabitants with different 

mean daily values of air Equivalent-Effective Temperature in Vashlijvari.   

Fig. 1 presents the data about the mean diurnal mortality to one million inhabitants of Tbilisi city with 

the different values of EET. As it follows from this figure, the smallest mortality is observed with the values 

of EET in the range “Comfortably” (9.1), greatest - with the values of EET in the range - Sharply coldly” 

(12.1). With the values of EET in the ranges “Moderately coldly” and “Warmly” the mean diurnal mortality 

of the population of Tbilisi is approximately identical (10.2 and 10.3 respectively).   

Let us note 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”.  Thus, 

the existing scale EET is completely acceptable for the evaluation of the degree of its action on the health of 

people and on a daily scale.   

 

Table 3 

Repetition of daily mean EET Category in 3 locations of Tbilisi and Kojori (%) 

EET Category 

Sharply 

Coldly Coldly Moderately Coldly Comfortably Warmly 

Location/EET <1°C 1-8 °C 9-16 °C 17-22 °C 23-27 °C 

Vashlijvari 21.5 22.3 27.2 26.2 2.8 

TSU 25.3 19.5 26.0 26.1 3.1 

Airport 40.4 15.9 25.1 17.4 1.2 

Kojori 45.0 23.0 28.4 3.6 - 
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Table 3 presents the data about the repetition of categories EET for all investigated points.  As follows 

from this table, the repetition of categories EET in Vashlijvari and TSU approximately is identical.  The 

maximum of repetition falls to the ranges “Moderately Coldly” and “Comfortably”.   In the airport and Kojori 

the maximum of the repetition of categories EET falls to the range “Sharply Coldly”.  It should be noted that 

in Kojori there are no values EET, which fall into the range of the category “Warmly”, with which are observed 

consequences negative for the health of people.   

 

 

 

Fig. 2. Mean monthly values of air Equivalent-Effective Temperature in 3 locations of Tbilisi and Kojori. 

Finally, Fig. 2 for the clarity depicts the histograms of the intra-annual distribution of average monthly 

values of EET for all four localities being investigated.  As it follows from this figure, from February through 

December values of EET in Kojori is lower than at all stations in the limits of Tbilisi.  Only during January 

values of EET in Kojori are higher than in the airport. 

 

Conclusion 

 

The detailed study of the bioclimatic resources of Georgia over the visible long term will make it 

possible to increase substantially attractiveness level of the acting and promising health resort and 

tourist zones and the objects both for populating of this country and its guests. 
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მასშტაბის ბიოკლიმატური მაჩვენებლის გამოყენების შესაძლებლობის დასადასტურებლად 

წარმოდგენილია  თბილისში ჰაერის ექვივალენტურ-ეფექტური ტემპერატურის საშუალო 

დღეღამური მნიშვნელობების კავშირი ამ ქალაქში მოსახლეობის გულსისხლძარღვთა 

დაავადების მიზეზით გამოწვეულ სიკვდილიანობასთან. მიღებულია, რომ ჰაერის 

ექვივალენტურ-ეფექტური ტემპერატურასთან სიკვდილიანობის კავშირს აქვს კლასიკური 

ხასიათი - სიკვდილიანობის შემცირება გრადაციიდან „მკვეთრად ცივი“  „კომფორტული“- მდე  

და შემდგომი ზრდით გრადაციამდე „თბილი“.  ამრიგად,     ჰაერის ექვივალენტურ-ეფექტური 

ტემპერატურის არსებული სკალა  სავსებით შესაძლებელია გამოყენებულ იქნას მისი 

ზემოქმედების შესაფასებლად ადამიანების ჯანმრთელობაზე  დღეღამურ მასშტაბში. 
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ჩატარებულია ექვივალენტურ-ეფექტური ტემპერატურის საშუალოდღეღამური 

მნიშიშვნელობების ფარდობითი ანალიზი თბილისში (3 მეტეოროლოგიური სადგური-

ვაშლიჯვარი, თბილისის სახელმწიფო უნივერსიტეტი, თბილისის აეროპორტი) და კოჯორში 

(სამთო კურორტი თბილისიდან 10 კილომეტრზე). კერძოდ ნაჩვენებია, რომ ექვივალენტურ-

ეფექტური ტემპერატურა თბილისის ურბანიზებულ რაიონებში (ვაშლიჯვარი, უნივერსიტეტი) 

მნიშვნელოვნად განსხვავდება მათი მნიშვნელობისაგან ქალაქის ფარგლებს გარეთ 

(აეროპორტი,კოჯორი). კოჯორში არ შეინიშნება ადამიანის ჯანმრთელობისათვის ნეგატიური 

ექვივალენტურ-ეფექტური ტემპერატურის მაღალი მნიშვნელობები, რომლებიც მოქცეულნი 

არიან დიაპაზონში „თბილი“. 

 
 

Сравнительные анализ среднесуточных значений эквивалентно-

эффективной температуры воздуха в Тбилиси и Коджори 

К.Р. Хазарадзе 

Резюме 

 

 

 

Для подтверждения применимости шкалы эквивалентно-эффективной температуры воздуха 

(ЕЕТ) как биоклиматического показателя в суточном масштабе времени,  представлены результаты 

изучения связи среднесуточных значений ЕЕТ в Тбилиси со смертностью населения этого города от 

сердечно-сосудистых заболеваний. Получено, что зависимость смертности от ЕЕТ имеет классический 

вид - убывание смертности от градации  “резко холодно” до “комфортно” с дальнейшим ростом до 

градации “тепло”.  Таким образом,  существующая шкала ЕЕТ вполне приемлема для оценки степени 

ее воздействия на здоровье людей и в суточном масштабе.  

Проведен сравнительный анализ среднесуточных значений ЕЕТ в Тбилиси (3 

метеорологические станции – Вашлиджвари, Тбилисский государственный университет, Тбилисский 

аэропорт) и в Коджори (горный курортный поселок в 10 км от центра Тбилиси). В частности показано, 

что значения ЕЕТ в урбанизированной части города Тбилиси (Вашлиджвари, университет) 

существенно отличаются от их значений за пределами города (Аэропорт, Коджори); в Коджори не 

наблюдаются негативные для здоровья людей высокие значения ЕЕТ, попадающие в диапазон 

“Тепло”. 

 

 

 

 


