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The article discusses the issues of climate comfort assessment in mountainous
terrain, the complexity of which requires a spatio-temporal study. Vayots Dzor,
which is a typical mountainous area, is chosen as an example in the article. Here
there is the necessary variety of interrelated climatic conditions, the level of
importance, which together make Vayots Dzor a typical object of geoecological
research. Such research is not only of scientific and methodological interest and is
useful for the study of climate comfort in other mountain areas, but also with its
practical orientation can contribute to the scientific understanding and solution of
the spatial planning problem of Vayots Dzor.

The aim of the study is to develop a methodology and methodological
approaches for the geoecological integral assessment of the climatic comfort of the
Vayots Dzor area, based on the measurability and analysis of the bioclimatic
component of its natural resources potential, using integral bioclimatic indicators.

The article presents the results of the calculation and analysis of the spatial-
temporal distribution of bioclimatic resources of VVayots Dzor. Equivalent effective
temperature, radiative equivalent effective temperature, discomfort coefficient and
weather severity were used as the main bio-climatic indices. As a result of the study,
some features of the climatic conditions of the area during the last decades were
revealed, climatic comfort zones and their territorial distribution in different periods
of the year were distinguished. It was found that the distribution of calculated
bioclimatic resources in the Vayots Dzor area has significant spatial and temporal
heterogeneity, and is also characterized by the formation of small areas, which are
caused by local atmospheric circulation processes.
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Introduction. Estimating the climate comfort of the ecological niche of
people is considered one of the most important problems of the complex geoecolo-
gical research of the region. The climate has a significant impact on health conditions,
work ability and vitality of the population. The essence of the evaluation of
bioclimatic indicators lies in the study of a specific area in order to determine the
correlation between its climatic characteristics and the physiological state of the
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human organism. The relevance of such studies is explained not only by the inade-
quacy of subject studies of the climatic factor of separate mountain areas, but also
by the emergence of new problems such as:

« economic assessment of climate for social-health sector and heating or
cooling cost planning;

« by introducing energy efficiency into settlements floor plans and structure
designs;

« assessment of climate comfort for military purposes.

The diversity of aspects of ecological assessment of climate conditions makes
it practically difficult to develop a comprehensive climate assessment. Air
temperature, humidity and wind speed are the dominant factors of climate. Weather
instability, characterized by frequent deviations from annual or perennial values of
basic climate parameters, affects human health. The climate comfort assessment
methodology allows identifying regional differences in living conditions in moun-
tainous areas, based on universally accepted indicators, which allow, taking into
account the characteristics of the studied area, to draw up comparative ecological-
geographical characteristics of the climate of different regions. With the aforemen-
tioned approach, an assessment and rounding of climate comfort in the conditions of
the complex mountainous terrain of Vayots Dzor was carried out.

Materials and Methods. The methodological basis for assessing the climate
comfort of the ecological niche of people in the natural environment is the
comparison of individual climate factors and combinations of weather elements with
the requirements of various aspects of the population’s activity. Equivalent effective
temperature (EET), radiative equivalent effective temperature (REET), discomfort
coefficient (DC) and weather severity (WS) are used as main indicators.

In the process of determining the approaches for assessing the comfort of
Vayots dzor climate, the international experience was studied and widely used, the
framework of meteorological elements used for the purpose of assessing the comfort
of the area was defined. When choosing indicators of climate comfort, their
significance, comparability and reliability of observations were taken into account.
A scale for evaluating the importance of integrated climate factors was developed
for the region.

In the conditions of the complex mountainous terrain of Vayots Dzor, the
assessment of climate comfort was carried out using mathematical modeling. The
basic data necessary for the calculations are taken from the bulletins developed by
the “Hydrometeorology and Monitoring Center” of SNCO, as well as from
previously made observations [1-3]. Data were also collected from other scientific
sources [4-6]. Calculations were made based on perennial average monthly data.

EET is determined by a combination of the main meteorological elements: air
temperature (t), relative humidity (f), wind speed (v), on which the thermal sensitivity
of the human body in the shade depends. EET was calculated by the formula propo-
sed by A. Missenard, and the assessment was made using the scale given in Tab. 1.

EET = 37 — (37 — t)/(0.68 — 0.0014 f + 1/(1.76 + 1.4 v°75)) — 0.29 t(1 — £/100),

where t is the air temperature, °C; v is the wind speed, m/s; f is the relative air
humidity, % [7].
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The effect of solar radiation on people’s thermal sensitivity was also
calculated: the REET, for which the formula developed by G. Sheleikhovski was
used. The assessment of the REET was done using the scale given in Tab. 1.

REET = 125 lg[1 + 0,02 t + 0,001(t — 8)(f — 60) — 0,045](33 — t)v/v + 0,185 f],
where £ is the absorption of solar radiation by the body surface in, kwW/m? [7].

Table 1
Comfort zones according to the significance of EET and REET [7]
EET, °C Comfort level REET, °C
Above 30 strong heat feeling Above 37
24 t0 30 moderate heat feeling 32 to 37
1810 24 comfortably warm 2710 32
121018 moderately warm 2110 27
61012 cool 171021
0to6 moderately cool 1210 17
—61t00 very cool 7t012
—6to-12 moderately cold 2t07
-121t0-18 cold -3t02
-18to 24 very cold -8t0-3
Below —24 it’s getting frosty Below -8

The coefficient of discomfort was calculated by the formula proposed by

Arakawa:

DC = 0.81t 4+ 0.01/(0.99t — 14.3) + 46.3.

Environmental conditions are evaluated as the most uncomfortable (when the
value of DC is less than 34 and higher than 53), slightly uncomfortable (value of
DC: 35-45), uncomfortable (value of DC: 46-52) [7].

Weather severity for the cold period of the year is calculated by the Bodman
formula, and the assessment is made using the scale given in Tab. 2.

WS = (1 — 0.04 £)(1 + 0.272 v),

Table 2
Bodman weather severity scale [7]
Cherries Below 1 1-2 2-3 34 4-5 5-6 Above 6
Characteristic mild slightly | moderately strictly very most extremely
severe severe strict | strict strict

Results and Discussion. Vayots Dzor’s diversity and uniqueness of relief

create a great variety of climate conditions, causing microclimatic separations that
differ in the intensity of the Sun’s rays, thermal regime and humidity conditions [8].

The climate comfort assessment of Vayots Dzor according to individual
indicators is given in Tab. 3. The main indicators of climate comfort assessment in
Vayots Dzor have a pronounced spatio-temporal characteristic of changes, which is
explained by the mountainous relief and clear manifestation of the seasons. Thus, for
example, the range of the EET indicators at the same altitude during the year is 28°C
to 36°C, and in the same month, but at different altitudes, it varies from 24°C to 35°C,
or the REET indicators at the same altitude during the year is 21°C to 29°C, and in
the same month, but at different altitudes, it ranges from 28°C to 30°C.
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Table 3

The main indicators of climate comfort

Absolute height, - Months
m Indicators Ty T A M| J] J] A S| O] N|D
EET | 7| 3| 3 | 11| 18 | 23| 29| 29| 22| 14| 5 | -3
REET | 8 | 10 | 16 | 22 | 27 | 32 | 37 | 37 | 31 | 24 | 17 | 11
Up to 1000 DC | 33 | 37 | 46 | 55| 62 | 68| 73 | 73 | 66 | 58 | 47 | a7
WS 111100000 1] 1]1
EET | 9| 6| 0 | 8 | 15| 21| 27 | 27| 20| 11| 2 | -5
REET | 6 | 8 | 13 | 19| 25| 30| 34| 35| 20| 22 | 15| 9
1000 t0 1200 DC | 31| 36 | 44 | 53 | 60 | 66 | 71| 71 | 64 | 56 | 45 | 35
WS 11110000 0] 111
EET | 11| 9| 3| 5 | 12| 18 | 24 | 24| 17| 9 | 0 | 7
REET | 4 | 6 | 11| 17 | 23| 28| 32| 32 | 27| 20 | 13| 7
1200 to 1400 DC | 30 | 34| 42| 50 | 58 | 64 | 69 | 69 | 63 | 54 | 43 | 34
WS 2 2] 1] 1] 1] 0] 0] ol o] 1] 1] 1
EET | 14| 11| 5| 2 | 10| 15| 21| 21| 15| 7 | -3 | -10
REET | 2 | 4 | 9 | 15| 21| 26| 30 | 30| 25| 18 | 11| 6
1400 to 1600 DC | 28| 32| 40| 48 | 56 | 61| 67 | 67 | 61 | 52 | 42 | 33
WS 2 2 1] 1] 1] 0] o] o] 1] 1] 1] 2
EET | 16| 14| -8 | 0 | 7 | 13| 18| 18 | 13 | 4 | 5| -12
REET | 1 | 2 | 7 | 13| 19| 23| 27 | 28 | 23 | 17| 9 | 4
1600 to 1800 DC | 27 | 30 | 37 | 46 | 53 | 59 | 65| 65 | 59 | 50 | 40 | 31
WS 2 2 2] 1] 1] 1] 0] o] 1] 1] 1] 2
EET | 18| 16| 11| 3| 4 | 10| 15| 16 | 10| 2 | —7 | -14
REET | -1 0 | 4 | 11| 17 | 21| 25| 26 | 21| 15| 8 | 2
1800 to 2000 DC | 25| 28| 35| 44 | 51| 57 | 62| 62| 57 | 48 | 38 | 30
WS 2 2 2 1] 1] 1] 1] o0 1] 1] 2] 2
EET | 20| 18| 14| 6| 2 | 8 | 12| 13| 8 | -1 | 9| -16
REET | 3| 1| 2 | 9 | 15| 10| 23| 23| 19| 13| 6 | -3
2000 to 2200 DC | 24| 26| 32| 41| 49 | 54| 60 | 60 | 55| 46 | 36 | 28
WS 2 1 2 2] 2 1] 1] 1] 11 1] 1] 2] 2
EET | 22| 21| 17| 8| 1| 5| 9] 10| 5 | -3 | —11| -18
REET | 4| 3| 0| 6 | 13| 17| 20 | 21 | 17 | 11| 4 | 4
2200 to 2400 DC | 22| 24| 30 | 39 | 46 | 52 | 57 | 58 | 52 | 44 | 34 | 26
WS 2 2 2] 2] 1] 1] 1] 1] 1] 1] 2] 2
EET | 24| 23| 20| —11| -4 | 2 | 6 | 7 | 2 | -5 | —14| —20
REET | 6| 5| 2| 4 | 10| 15| 18| 19| 15| 9 | 2 | -6
2400 to 2600 DC | 21| 23| 27 | 36 | 44 | 49 | 54 | 55 | 50 | 42 | 32 | 25
WS 3 3] 2] 2] 1] 1] 1] 1] 1] 2] 2] 2
EET | 26| 25| 22| —14| 6| 0 | 3 | 4 | 0 | -8 | —16] —22
REET | 7| 7| 5| 2| 8 | 13| 15| 17 | 13| 7 | 1 | 4
2600 to 2300 DC | 19 | 21| 25| 34 | 42| 47 | 52| 53 | 48 | 40 | 31 | 23
WS 303 3 2 2 11112 22
EET | 28| 27| 25| 17| 9| 3| 0 | 1 | -3 | —10| —18| —24
REET | 9| 9| 7| 0| 6 | 11| 13| 14| 11| 5 | 1| -6
2800 t0 3000 DC 17 | 19 | 22| 31| 39 | 44 | 49 | 50 | 46 | 38 | 29 | 22
WS 313 3 2 2 1,1 11223
EET | 30| 30| —28| —19| —12| 6 | -3 | -2 | 5 | —12| —20| —25
REET | —10| 10| 9| 2| 4 | 8 | 11| 12| 9 | 3 | 3| 7
3000 to0 3200 DC 16 | 17 | 10 | 20 | 36 | 41 | 46 | 47 | 43 | 36 | 27 | 20
WS 3 3] 3] 3] 2] 2] 2] 1] 2] 2] 3] 3
EET | 31| 32| 31| —22| —14| -9 | —6 | -5 | -8 | —15| —22| —27
REET | —12| 12| 11| 4| 2 | 6| 8 9| 7 | 1| 5] -9
320010 3400 DC 14 | 15 | 17 | 26 | 34 | 38 | 43 | 44 | 41 | 33 | 25 | 19
WS 3131 31 3 21 2 2 212121313
EET | 32| 33| 32| 23| —16| —10| 8 | —7 | —9 | —16| —23| —28
REET | 13| 13| 12| 6| 1| 5| 7 | 8 | 6 | 0 | 5| -9
Above 3400 DC 14 | 14 | 15 | 24 | 32 | 37 | 41 | 43 | 40 | 32 | 24 | 18
WS 3 3| 3| 3| 2] 22222 3] 3
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There are also clearly expressed spatio-temporal separations of the characte-
ristics of the DC and the WS index, which was also characteristic of the EET and
REET indicators.

In Vayots Dzor, in general, the most uncomfortable period observed in the hot
and cold seasons of the year is about 240 days, and the uncomfortable and mildly
uncomfortable period is about 125 days. Mild indicators of weather severity are
observed up to the height of 2000 m, making about 30 to 150 days, weak severe
indicators are observed up to the heights of 3200 m, making about 30 to 210 days,
moderately severe indicators are observed in zones above 1200 m: being around
60 to 180 days, severe indicators are observed in zones above 2400 m, being around
60 to 180 days (Tab. 3). Such changes in the main indicators of climate comfort in
Vayots Dzor have a direct impact on people’s life in general and health in particular.

A point system was used for the complex assessment of climate comfort. Each
climate indicator was assessed with a 5-point system and a simple arithmetic average
was calculated, the obtained results are in the range of 1 to 4 points:

1) uncomfortable;

2) moderately uncomfortable;

3) moderately comfortable;

4) comfortable.

According to the complex assessment of climate comfort in Vayots Dzor
according to the months of the year and high altitude zones, comfortable, moderately
comfortable, moderately uncomfortable and uncomfortable regions were distin-
guished (Tab. 4).

Table 4
Complex assessment of climate comfort (in points)
Months

Absolute height, m 3 Flmlalm J J Als ol N D
Up to 1000 3] 3| 3| 3| 4| 4] 4| 4| 4| 3] 3] 3
1000 to 1200 2| 3| 3| 3| 4| 4| 4| 4| 4] 3| 3| 3
1200 to 1400 2 2 3 3 3 4 4 4 4 3 3 3
1400 to 1600 2 2 3 3 3 4 4 4 3 3 3 2
1600 to 1800 2 2 3 3 3 3 4 4 3 3 3 2
1800 to 2000 2| 2| 3| 3| 3| 3| 3| 4| 3| 3] 3| 2
2000 to 2200 2| 2| 2| 3| 3| 3] 3| 3| 3 3] 3 2
2200 to 2400 2 2 2 3 3 3 3 3 3 3 2 2
2400 to 2600 1 1 2 3 3 3 3 3 3 3 2 2
2600 to 2800 1) 1| 1| 2| 3| 3| 3| 3| 3 3| 2 2
2800 to 3000 1) 1| 1| 2| 3| 3| 3| 3| 3 3| 2 1
3000 to 3200 1 1 1 2 3 3 3 3 3 3 2 1
3200 to 3400 1 1 1 1 2 3 3 3 3 2 1 1
Above 3400 1) 1] 1] 1| 2] 3| 3] 3] 3] 2| 1] 1
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The complex assessment of climate comfort in Vayots Dzor (Tab. 4) defines:

« in January, altitudes up to 1000 m are moderately comfortable, altitudes
between 1000 m and 2400 m are moderately uncomfortable and zones above
2400 m are uncomfortable;

« in February, altitudes up to 1200 m are moderately comfortable, altitudes
from 1200 m to 2400 m are moderately uncomfortable, and zones above 2400 m are
uncomfortable;

« in March, altitudes up to 2000 m are moderately comfortable, altitudes from
2000 m to 2600 m are moderately uncomfortable, and zones above 2600 m are
uncomfortable;

« in April, the altitude up to 2600 m is moderately comfortable, the altitudes
between 2600 m and 3200 m are moderately uncomfortable, and the zones above
3200 m are uncomfortable;

« in May, altitudes up to 1200 m are comfortable, altitudes from 1200 m to
3200 m are moderately comfortable, and altitudes above 3200 m are moderately
uncomfortable;

« in June, it is comfortable up to 1600 m and moderately comfortable in zones
above 1600 m;

« in July, comfortable up to 1800 m and moderately comfortable in zones
above 1800 m;

« in August, comfortable up to 2000 m and moderately comfortable in zones
above 2000 m.

« in September comfortable up to 1400 m altitude and moderately comfortable
in the zones above 1400 m;

« in October, it is moderately comfortable up to 3200 m and moderately
uncomfortable in zones above 3200 m;

« in November, altitudes up to 2200 m are moderately comfortable, altitudes
between 2200 m and 3200 m are moderately uncomfortable and zones above
3200 m are uncomfortable;

« in December, altitudes up to 1400 m are moderately comfortable, altitudes
from 1400 m to 2800 m are moderately uncomfortable, and zones above 2800 m are
uncomfortable.

Conclusion. The conducted research made it possible to identify some
features of the natural conditions of the region and analyze the influence of climatic
and meteorological factors on the spatio-temporal distribution of the area’s comfort
level using actual material. It has been confirmed that the distribution of calculated
bioclimatic indicators in the Vayots Dzor area has significant spatial and temporal
heterogeneity. In most parts of Vayots Dzor, active synoptic activity during the cold
period creates uncomfortable conditions, which is confirmed by the values obtained
from the complex assessment of climate comfort. According to the complex
assessment of climate comfort, comfortable conditions begin to form in May,
maximum in July. In the low, middle and high mountain zones of Vayots Dzor, the
weather conditions with a comfortable and moderately comfortable index increase
during the “June-September” period. According to the obtained results, the values of
the complex assessment of climate comfort in the winter months in the mountain and
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high mountain zones correspond to the moderately uncomfortable and uncom-
fortable gradation. During the winter months, climatic discomfort occurs under the
influence of low temperatures and strong winds.
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H. A. APYTIOHSIH

NHTEI'PAJIbBHAS OLIEHKA K)ﬂHMATH‘lECKOﬁ
KOM®OPTHOCTHU BAUMOI A30PA

Pe3zmome

B craThe paccMaTpuBaroTCs BONPOCH! OLEHKH KIMMAaTHYeCcKoro koMmpopTa B
TOPHOIl MECTHOCTH, CJIOKHOCTH KOTOPBIX TpeOyeT MpOCTPaHCTBEHHO-BPEMEHHOTO
uccrnenoBanrsa. B kadecTBe mpumepa B craThe BbIOpaH Baiforr J[30p, KoTOpbIit
npeAcTaBiIsieT cO00 THIIMYHYIO TOPHYIO MECTHOCTb. 37IeCh UMEETCsI HE0OX0IUMBIE
pasHooOpasne B3aMMOCBSA3aHHBIX KIMMAaTHYECKUX YCIOBHH, YPOBEHb 3HAYMMOCTH,
KOTOpble B COBOKYMHOCTH JenaroT Baior J[30p THIMUYHBIM OOBEKTOM T€03KO-
JIOTHYECKHUX uccienoBanuid. [logo6HbIe BccaeoBaHusI MPEACTABIAIOT HE TOJBKO
HayYHO-METOAMYECKUN HHTEpEeC W IOJIE3HBI IS HW3YyYEHUS KIMMaTHYECKOro
KoM(opTa B IPYTUX TOPHBIX pailoHaX, HO M CBOEH MPaKTHIECKOH HAPaBICHHOCTHIO
MOTYT CIIOCOOCTBOBATh HAYYHOMY OCMBICIICHUIO M PEIICHUIO TIPOOJIEMbI TIPOCTPaH-
CTBEHHOT'O IuTaHupoBaHus Baiion J[3opa.
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Llenbio nccenoBaHus sIBIsICTCA pa3pabOTKa METOAOJIOTHH U METOAMYECKUX
MOJIX0JI0B T€03KOJIOTHIECKON MHTETPATFHONW OIEHKH KIIMMAaTHIeCKOoTo KomdopTa
Baitommzopckoii TeppuTOprE Ha OCHOBE M3MEPUMOCTH M aHadn3a OWOKIMMATH-
YeCKOW COCTaBIISIIONIEH €e MPUPOTHO-PECYPCHOTO MOTEHIIMANA C HCIOJIb30BaHUEM
MHTETPAIBbHBIX OMOKIMMATHYECKHUX ITOKa3aTeIeH.

B craTtpe nmpeacTaBieHbl pe3yNbTaThl pacdeTa M aHAIN3a IPOCTPAHCTBEHHO-
BPEMECHHOTO pacIpe/ielicHus OMOKIMMAaTHYeCKuX pecypcoB Baiionn J[3opa. B
KayecTBE OCHOBHBIX OMOKIMMATHYECKUX TOKa3aTeliell MCIOJIb30BAMCh HKBUBA-
neHTHas >((eKTUBHAS TEMIIepaTypa, SKBUBAJICHTHAS PaldalliOHHAs Y PEeKTUBHASL
TeMreparypa, koddgdumreHT nuckomdopTa U CypoBOCTb MOTOABIL. B pesymbrarte
HCCJIICA0BAaHNA BBIABJICHBI HCKOTOPLBIC OCO6€HHOCTI/I KIIMMaTHYCCKUX yCHOBI/Iﬁ
MECTHOCTH 3a TIOCJIEIHHUE JECSITUJIETHS, BBIIEICHBl 30HBI KIMMATHIECKOTO
koM(popTa W WX TEPPUTOPHAIBLHOE paclpeneiieHne B pa3Hble TEPUOIBI TOJa.
YCTaHOBIEHO, YTO PACHpe/eiICHUE PACUETHBIX OMOKIMMATHYECKUX PECYpCOB Ha
Tepputopun Balion /[30pa uMeeT 3HaUUTENbHYIO IPOCTPAHCTBEHHYIO U BPEMEHHYIO
HEOJTHOPOTHOCTB, a TAKIKE XapaKTepU3yeTcs: 00pa3oBaHHEM HeOOIBITNX IIIOMIAIEH,
4TO 00YCIIOBJICHO JIOKAJIBHBIMHU MPOLIECCAMHU aTMOC(HEPHON IIUPKYIISIINH.



