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Abstract

Comparative analysis of the monthly values of Tourism Climate Index (TCI) in the South
Caucasus countries capitals (Baku, Tbilisi, Yerevan) are presented. The statistical structure of TCI is
studied. In the indicated cities between the TCI values are the high linear correlation, which reaches 1.
The intra-annual distribution of the TCI values for all cities has bimodal nature with the extremum
during June and September and by the polynomial of the ninth power are described. In Tbilisi, in
comparison with Baku and Yerevan, from May through September somewhat decreased values of TCI
are observed, which is caused by heavier precipitation and smaller sunshine duration in the capital of
Georgia. As a whole, the climate of all three capitals is suitable for the year-round mass tourism (TCI
categories changes from “Marginal” to “Excellent” in Thilisi and from “Marginal” to “Ideal” in Baku and
Yerevan, with the average annual category for all cities — “Good”).
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INTRODUCTION

Tourism as an important sector of the global economy is influenced by geographical location,
topography, landscape, vegetation, fauna, ecological situation, weather, climate, etc. Weather and
climate are two factors that in many respects influence decisions regarding areas to be visited [1]. Many
climate indices for tourism have been applied in past research. Survey information about them can be
found for example in the works [1, 2].

A climate index approach is one way and researchers have attempted to represent the multifaceted
nature of the climate potential for tourism. Several indices have been developed over the last 45 years to
assess the suitability of climate for tourism activities [3-6].

The most widely known and applied index is the tourism climate index proposed by Mieczkowski
[3]. This index is combination of seven factors and parameters. Mieczkowski’s “Tourism Climate Index”
(TCI) was designed to use climate data, being widely available for tourist destinations worldwide.

TCI is used in many countries of world [2,4,5,7,8], including such countries of Black Sea-Caspian
region as Turkey [9] and Iran [10-14]. In south Caucasus countries, monthly value of TCI be calculated
in Georgia, first for Thilisi [15], then for Batumi and Anaklia [16-18].

For the tourism climatology recently is used also this bioclimatic parameter, as Physiologically
Equivalent Temperature (PET) - combination of daily air temperature, relative humidity, wind velocity
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and mean cloud cover, etc. PET is one of the most popular physiological thermal indices derived from
the human energy balance, is used in the analysis in order to describe the effect of climate [19-21].

For evaluating the bioclimatic potential of locality in Georgia from the human thermal comfort
the complex thermal indices, as Air Equivalent-Effective Temperature (EET- combination of air
temperature, relative humidity and wind velocity) and Air Radiationally Equivalent-Effective
Temperature (REET- combination of air temperature, relative humidity, wind velocity and solar
radiation intensity) was used [22,23]. In particular: the long—term variations of EET in Tbilisi and Kutaisi
was study [24,25]; the connection of EET with the health of the population of Tbilisi city is studied
[26]; it is shown, that as a whole in the days with the smog situation together with air pollution by
ozone, the ozone forming gases and the aerosols under the conditions Tbilisi (especially suffering
cardiovascular diseases) an essential effect on the health of people have the thermal regime of air [27]; it
is shown that the values of EET and REET in the different places of Tbilisi city essentially differ from
each other [28]; comparative analysis of EET in some cities of Georgia and Brazil was carried out [29];
is examined a question about the use of data about air thermal regime (as and TCI), with certification
of the health resort and tourist resources of Georgia [18, 30].

At present the sensation of man to the thermal action of air, the climatic indices of tourism, etc.
usually are described not by physical quantities, but by terms (“coldly”, “comfortably”, “warmly”, etc.).
A similar terminology is more intelligible for the wide circle of population, than physical quantities.
One cannot fail to note that about three centuries ago for describing the climate of Georgia similar terms
used the famous Georgian historian and geographer Vakhushti Bagrationi [31].

As it follows of the aforesaid above, to the studies of the complex bioclimatic characteristics of
health resort and tourist zones (including TCI) to be of great importance. The significant studies on these
questions in Turkey and Iran are carried out [9-14]. At the same time, an explicit deficiency in the
studies of the tourism climate index in the countries of South Caucasus (adjacent with Turkey and Iran)
is observed (especially in Armenia and Azerbaijan).

The purpose of this paper is to determine tourism climate conditions (TCI) in Baku and Yerevan in
comparison with Tbilisi and the most suitable months for tourism and tourist activities in these cities.
This work is the beginning of a more detailed study of the indicated index of tourism in these countries,
which will make it possible to reveal the common picture of the distribution of this bioclimatic factor
for entire Black Sea-Caspian region.

STUDY AREA, METHOD AND DATA DESCRIPTION

The study area the capitals of Azerbaijan, Georgia and Armenia (Baku, Tbilisi and Yerevan) are. The
location of these cities in fig. 1 is presented.
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Fig. 1 Location of Baku, Tbilisi and Yerevan
Brief geographical and climatic description of these cities is represented below.

Baku (40.42° N, 49.77° E, H — 61 m a.s.l.) is situated on the western coast of Caspian Sea. In the
vicinity of the city there are a number of mud volcanoes and salt lakes. Baku has a subtropical semi-arid
climate with warm and dry summers, cool and occasionally wet winters, and strong winds all year long.
However, unlike many other cities with this climate, Baku does not see extremely hot summers. This is
largely because of its northerly latitude and the fact that it is located on a peninsula on the shore of the
Caspian Sea. Baku and the Absheron Peninsula on which it is situated, is the most arid part of Azerbaijan
(precipitation here is around or less than 250 mm a year). The majority of the light annual precipitation
occurs in seasons other than summer, but none of these months are particularly wet.

At the same time Baku is noted as a very windy city throughout the year, hence the city's nickname
the "City of Winds", and gale-force winds, the cold northern wind khazri and the warm southern wind
gilavar are typical here in all seasons. The daily mean temperature in July and August averages 26.2 °C,
and there is very little rainfall during that season. During summer the khazri sweeps through, bringing
desired coolness. Winter is cool and occasionally wet, with the daily mean temperature in January and
February averaging 4.6 °C. During winter the khazri sweeps through, driven by polar air masses;
temperatures on the coast frequently drop below freezing and make it feel bitterly cold. Winter snow
storms are occasional; snow usually melts within a few days after each snowfall [32, 33].

Thilisi (41.68° N, 44.95° E, H — 490 m a.s.l.) lies in Eastern Georgia on both banks of the Mtkvari
(Kura) River. The elevation of the city ranges from 380-770 meters above sea level and has the shape of
an amphitheatre surrounded by mountains on three sides. To the north, Tbilisi is bounded by the

Saguramo Range, to the east and south-east by the Iori Plain, to the south and west by various endings
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(sub-ranges) of the Trialeti Range. The relief of Tbilisi is complex. The part of the city which lies on the
left bank of the Mtkvari (Kura) River extends for more than 30 km from the Avchala District to River
Lochini. The part of the city which lies on the right side of the Mtkvari River on the other hand is built
along the foothills of the Trialeti Range, the slopes of which in many cases descend all the way to the
edges of the river Mtkvari. The mountains, therefore, are a significant barrier to urban development on
the right bank of the Mtkvari River. This type of a geographic environment creates pockets of very
densely developed areas while other parts of the city are left undeveloped due to the complex
topographic relief.

The average annual temperature in Tbilisi is 12.8 °C. January is the coldest month with an average
temperature of 0.9 °C. July is the hottest month with an average temperature of 24.4 °C. Average annual
precipitation is 538 mm. May and June are the wettest months (averaging 84 mm of precipitation each)
while January is the driest (averaging 20 mm of precipitation). Snow falls on average 15-25 days per
year. The surrounding mountains often trap the clouds within and around the city, mainly during the
Spring and Autumn months, resulting in prolonged rainy and cloudy weather. Northwesterly winds
dominate in most parts of Tbilisi throughout the year. Southeasterly winds are common as well
(23,32,34].

Yerevan (40.13° N, 44.47° E, H — 890 m a.s.l.) has an average height of 990 m, with a minimum of
865 m and a maximum of 1390 m above sea level. It is located on to the edge of the Hrazdan River,
northeast of the Ararat plain (Ararat Valley), to the center-west of the country. The upper part of the
city is surrounded with mountains on three sides while it descends to the banks of the river Hrazdan at
the south. Hrazdan divides Yerevan into two parts through a picturesque canyon.

The climate of Yerevan is continental semi-arid, with the influence of mountain climate, with hot
dry summers and cold snowy winters. This is attributed to Yerevan being on a plain surrounded by
mountains and to its distance from the sea and its effects. The summers are usually very hot with the
temperature in August reaching up to 40 °C (average temperature in July-August is 25.3 °C) , and winters
generally carry snowfall and freezing temperatures with January often being as cold as —-15 °C (average
temperature in January-February is -3.1 °C). The amount of precipitation is small, amounting annually to
about 340 mm (in July-September mean monthly value of precipitation is 12 mm). Yerevan experiences
an average of 2470 sunlight hours per year (in July-August mean monthly sunlight hours is 338) [32, 35].

In the indicated cities is paid special attention for the development of local and international
tourism. Here are many historical and cultural objects, developed contemporary tourist infrastructure.
Information about the climatic indices of tourism will be useful for planning the most optimum forms of
tourist service depending on the seasons of year.

In the work the Tourism Climate Index (TCI) developed by Mieczkowski [3] is used. TCI is a
combination of seven parameters, three of which are independent and two in a bioclimatic combination:

TCI=8Cld +2Cla+4R+4S+2W

Where 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 (mm), S is the daily
sunshine duration (h), and W is the mean wind speed (m/s).

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 [3]. Information about
TCI category in table 1 is presented.
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Table 1 TCI category

TCI Category 35O JpMO0d Kareropus
90 + 100 Ideal 0SNG0 Uneanpmsrit
80 + 89 Excellent 99L56086s30 OTinyHsbIit
70 +79 Very Good 350036 3560 Ouens xopomnii
60 + 69 Good 35630 Xopomuit
50 + 59 Acceptable Lsbosdmz6m [TpustHBIN
40 + 49 Marginal doLsgdo [Tpuemaemsrit
30+ 39 Unfavorable MabgeloyM 9o He6naronpusarasiit
20+ 29 Very Unfavorable 350056 5M5bgElagHgwo OvueHb HeGIATOI PHASTHBIH
10+ 19 | Extremely Unfavorable | v1300969boq s@sbganbay®gemo Kpaiine
HeOJIArONPUATHBIN
-30+9 Impossible Bom9dgwo Henpuemiemsiit

For the TCI calculation data of reference books according to the climate USSR, and also the
information [23, 32] was used.

RESULTS AND DISCUSSION

The results of TCI calculations in table 2- 3 and fig. 2-7 are presented.

The statistical characteristics of TCI in Baku, Tbilisi and Yerevan in table 2 are presented. As follows
from this table the average annual values of TCI for these cities approximately identical and corresponds
to category “Good” (table 1). The values of TCI in Baku and Yerevan respectively change from 42 to 96
and from 40 to 90 (TCI categories from “Marginal” to “Ideal”), and in Tbilisi - from 47 to 83 (TCI
categories from “Marginal” to “Excellent”). The changeability of TCI values in Thbilisi is lower than in
Baku and Yerevan (the coefficients of variation Cv are respectively equal 22.2 % and 28.5 %). In the
indicated cities between the TCI values are the high linear correlation, which reaches 1 (0.95-0.99).

The intra-annual distribution of the TCI values for all cities by the polynomial of the ninth power
are described (the values of the coefficients of the equation of regression in table 2 are presented).

Table 2 The statistical characteristics of TCI in Baku, Tbilisi and Yerevan

Parameter Baku Thilisi Yerevan
Mean 68 65 67
Min 42 47 40
Max 96 83 90
Range 54 36 50
St Dev 19.4 14.4 19.2
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Cv,% 28.5 22.2 28.6

Correlation Matrix
Baku 1 0.97 0.95
Thilisi 0.97 1 0.99
Yerevan 0.95 0.99 1
Equation of regression (X-Month):
TCI = a-X+b-X+c- X +d Xo+e- Xo+£ X +g-Xo+h-XP+1-X+]

a -0.00046 -0.000158 -0.0002
b 0.027202 0.009211 0.012164
c -0.6768 -0.22664 -0.30811
d 9.313112 3.06806 4.308201
e -77.4712 -24.9827 -36.3832
f 400.1821 125.8938 190.9943
g -1270.38 -390.183 -618.776
h 2364.626 715.2294 1184.654
i -2305.93 -695.292 -1193.99
j 922.3333 3135 510.5
R? 0.997 0.995 0.997

The data about the monthly values of TCI in fig. 2 are presented. Taking into account the high
values of the coefficients of determination R? in this figure they are given only calculated values of TCI
(real and calculated values of TCI practically are identical).

—+—Baku —#—Tbilis1 —&— Yerevan

100

90

80

TCI

70

60 T
|
S50 1

40

Month

Fig. 2 Calculated values of TCI in Baku, Tbilisi and Yerevan

As follows from fig.2 the intra-annual distribution of the TCI values for all cities has bimodal nature
with the extremum during June and September. Let us note that the bimodal type of distribution of TCI
values in many other places is observed. For example the cities of Mahabad, Jolfa, Marageh, Sagez, and
Parsabad (Iran) had a bimodal-shoulder peak distribution The TCI maximum values were found in May,
June and October. In these cities the spring and autumn weather are climatically comfortable for
tourism [10]. New Orleans, Charleston, New York, St. Louis, Batumi also relate to the cities with
bimodal-shoulder peak TCI distribution [5, 16], etc.
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For determining the reasons for the bimodality TCI values distribution, and also decreased of their

values in Thilisi, let us examine the statistical characteristics of separate components of TCI (table 3, fig.
3-6).

Table 3 The statistical characteristics of TCI components in Baku, Tbilisi and Yerevan
(in the brackets - share of the average annual TCI values, %)

TCI components Parameter Baku Thilisi Yerevan
Mean 27 (39.0) 28 (43.1) 25 (37.3)
8-Cld Min 16 16 12
Max 40 40 40
Mean 6(898 6(92 6 (2.0
2.Cla Min 3 3 2
Max 10 10 10
Mean 18 (26.5) 15 (23.1) 18 (26.9)
4R Min 16 10 14
Max 20 18 20
Mean 11 (162 10 (15.3) 12 (179
4.S Min 4 6 4
Max 20 16 20
Mean 6(88 6(92 6 (2.0
2-W Min 3 4 3
Max 8 8 9
=p=—PBaku e Thilisi Yerevan —#—Baku il Thbilisi Yerevan
45
40

8Cld
2

20 +

Month

Fig. 3 Monthly values of Cld and Cla components of TCI in Baku, Thilisi and
Yerevan

As it follows from the table 3 the values of daytime comfort index (Cld varied from 37.3 % in
Yerevan to 43.1 % in Tbilisi) and precipitation (R varied from 23.1 % in Thbilisi to 26.9 % in Yerevan)
make the greatest share to the mean annual values of TCI in Baku, Tbilisi and Yerevan. The values of
daily comfort index Cla and mean wind speed W make the smallest share to the mean annual values of
TCI (approximately on 9 % for each city). The share of the mean annual daily sunshine duration S varied
from 15.3 % in Thilisi to 17.9 % in Yerevan.
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Fig. 4 Monthly values of R component of TCI in Baku, Thilisi and Yerevan
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As a whole, the lowered average annual values of TCI in Thbilisi (in comparison with Baku and
Yerevan) are caused by more rainy climate and smaller sunshine duration, decreasing the contribution
share R and S to the general value of TCI. Concerning the monthly values of TCI, in Thbilisi, in
comparison with Baku and Yerevan, especially from May through September somewhat decreased
values of TCI are observed (fig. 2), which also is caused by heavier precipitation and smaller sunshine
duration in the capital of Georgia in these months, decreasing the contribution of Rand S (fig. 4, 5).
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Fig.5 Monthly values of S component of TCI in Baku, Thilisi and Yerevan
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Fig. 6 Monthly values of W component of TCI in Baku, Tbilisi and Yerevan

The reason for the bimodal distribution of TCI (fig. 2) in the indicated cities is the bimodal nature of
distribution of Cld (fig. 3), as basic component of TCI. The distribution of all remaining components is
not bimodal (fig. 3 for Cla, fig. 4-6).

In fig. 7 the category of TCI in Baku, Tbilisi and Yerevan are presented. As follows from this figure,
the climate of all three capitals is suitable for the year-round mass tourism. TCI categories changes from
“Marginal” to “Excellent” in Tbilisi and “Marginal” to “Ideal” in Baku and Yerevan. The average annual
category for each city is “Good”.

In Baku, Thbilisi and Yerevan during January, February and December value of TCI are in
corresponds to category "Marginal", during March and November - “Acceptable”, during April — “Good”.

In Baku during August and October TCI category are “Very Good”, during May and July -
“Excellent”, during June and September - “Ideal”. In Yerevan during July TCI category is “Very Good”,
during May, June, August and October — “Excellent”, during September - “Ideal”.  In Tbilisi during
May, July, August and October TCI category are “Very Good”, and during June and September —
“Excellent”.

For the comparison let us give data about TCI for some cities of Iran [10, 12, 13]. In the northwest of
Iran, the most suitable months for tourism activities in the TCI descriptive category “Excellent” were
found in May, June, July, August and September. The best region for tourism activities are cities such as
Ardabil and Tabriz, which are classified as having “Very Good” climatic conditions. The cities Maku,
Ahar, Ardabil, Takab, Khoy, Ourimeh and Sarab have a summer peak distribution. Each of these
locations has at least 1 month with a TCI category “Excellent”. The cities Maku, Ardabli and Takab have
TCI above 90, an “Ideal” tourism climate for the summer months. Among these cities, Ardabil has the
most favorable climatic conditions for tourist attractiveness in the summer [10].

Studying TCI for different months and cities of the Yazd province, it has been found that the best
climatic condition with regard to physical health for tourists is in the months of October or November
with TCI category “Excellent”, and the worst month with TCI category “Acceptable” is evaluated for
July [12]. In Chaloos city category of TCI during January, February, March, November, December are
“Acceptable”, during April, August, September - “Good”, during October — “Very Good”, during May,
June, October - “Excellent” [13].
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Thus, values of TCI in the indicated cities of Iran change in the range from category “Acceptable” to
“Ideal”, in Baku and Yerevan from “Marginal” to “Ideal”, in Tbilisi from “Marginal” to “Excellent”.

It is interesting to note that wrote Vakhushti Bagrationi about the Thilisi climate of approximately
three centuries ago [31]. He wrote, that climate in Tbilisi is excellent and is pleasant. It is in summer
hotly and intolerably, in winter coldly. Spring and autumn are excellent and cheerful. This description
approximately coincides with the contemporary bioclimatic characteristics of Tbilisi.
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Fig. 7 Tourism Climate Index in Baku, Thilisi and Yerevan

Mean annual value of TCI in Thilisi is 65 (category “Good”), the daytime and daily comfort indices
(8-Cld + 2-Cla) is 34 (max = 50). In winter mean value of (8-Cld + 2-Cla) is 19. In July and August value of
(8-Cld + 2-Cla) is 38, in April-June and September-October — 45 (it is close to the max comfort).
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CONCLUSIONS

A picturesque nature, landscapes Great Caucasian Ridge, subtropical and subtropical semi-arid
climate zones of the Black and Caspian Sea, rivers and waterfalls, cave towns, resorts and mineral
springs, urbanized cities and settlements, and traditional Caucasus hospitality, etc. make Azerbaijan,
Georgia and Armenia the countries of tourism.

Climate has a strong influence on the tourism and recreation sector and in some regions represents
the natural resource on which the tourism industry is predicated. In this work the determination of the
climatic potential of tourism to Baku, Tbilisi and Yerevan (the capitals of Azerbaijan, Georgia and
Armenia) into the correspondence with that frequently utilized in other countries of the “Tourism
Climate Index” (TCI) is carried out.

In the future we plan a more detailed study of the climatic resources of these countries for the
tourism (mapping the territory on TCI, study trends of TCI, determination of other climatic and
bioclimatic indices for tourism - Physiologically Equivalent Temperature, Mean Radiant Temperature
etc.).
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CpaBHUTEIBHBIE XapAaKTEPUCTUKH KIMMaTUIECKOTO MHeKCa Typu3Ma B
cronuuax crpaH 1oxHOoro Kaskasa (baky, T6uaucu, Epesan)

A. Avupanamsuny, X. Yaprasua, A. Marsapakuc
Pesrome

IIpoBeseH CpaBHUTENBHBIH aHAJIW3 MECAYHBIX 3HAYEHHH KIMMAaTU4YeCKOTO WHEeKca
typusma (KWUT) B crommumax crpan oxHoro Kaskasza (baxy, T6mmucu, Epepan). MW3syuena
craructuueckas crpykrypa KUT. Mexay snavenuamu KWT B ykazaHHBIX rOpofiax HMeeTCS
BBICOKAsA JIMHeHHas Koppendnus, gocturaiomas 1. BuyTpuromosoe pacmpeseneHue 3sHaueHUH
KHT pnsa Bcx roposioB mMeeT GMMOZAIBHBIN XapaKTep C SKCTPeMyMaMM B MIOHe U CeHTA0pe u
OIIMCBIBAETCSA ITOJIMHOMOM JieBATOM crenenu. B T6unucu, no cpaBHenuio ¢ baky u Epeanom, ¢
Masg IO CeHTA0ph HaGIIOZAIOTCA HeCKONbKO 3aHwkeHHble 3HaueHns KHWT, uto obyciosieno
6ostee OGMIBHBIMU OCAaJKaMHU U MEHBIIEH ITPOJOIKUTETBHOCTh COTHEYHOTO CHUAHHA B CTOJIUIE
I'pysun. B mesnom, KJIuMaT BceX TpexX CTOJIHUI, IPUTOJEH JIJg KPYIJIOTOJAMYHOIO MacCOBOTO
(xkareropun KWUT wmenstorcs or “ Ilpuemnmemsrit go “Oramussiii® B T6miucu m ot ©
[Ipuemnemsiit mo “Upeansurrit® B baky um EpeBane, mpu cpegHeromoBoil KaTeropuu -
“Xopowmmnit“ - I 3TUX TOPOZOB).
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