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ASSESSMENT OF BIOCLIMATIC CONDITIONS
OF WEST KAZAKHSTAN

This article provides an assessment of the bioclimatic conditions of the warm and cold periods for
2010-2020 for the territory of West Kazakhstan on the basis of a comprehensive accounting of meteoro-
logical parameters. For this assessment, four bioclimatic indices were calculated, such as effective tem-
perature, equivalent-effective temperature, normal equivalent-effective temperature, the Bodman sever-
ity index, on the basis of which the level of comfortness of climatic conditions for the population living
in the studied territory was evaluated. The calculations used the initial data of daily temperature, relative
humidity and wind speed for the main five stations in West Kazakhstan. The importance of this work is
to determine the dependence of human health on climatic factors and to study with the help of the found
bioclimatic indicators how favorable the climatic conditions of the territory of West Kazakhstan are for
human life and recreation. The analysis of the obtained results revealed that in the cold half of the year
a moderately severe type of weather conditions prevails, and in the warm period of the year the climate
of the studied territory is considered comfortably warm. In general, the climate of West Kazakhstan can
be considered comfortable for living, health and work of the population in this region.

Key words: biometeorology, climate, bioclimatic indices, effective temperature, equivalent effective
temperature, Bodman index.
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batbic Ka3akcTaHHbIH, GMOKAMMATTBIK, XKaFAaiAapbIH 6aFaray

ByA Makarasa METEOPOAOTUSIABIK MapaMeTPAEPAI KelleHAT ecernke aAy HerisiHae baTbic KasakcraH
aymarbl yiiH 2010-2020 >KbIAAAPAAFbI XKbIAbI XKOHE CYbIK, KE3EHAEPAIH, OMOKAMMATThIK, XaFAalAapbiHa
Gara Gepireai. Ocbl GaFrarayAbl XKYPrisy YiliH TOPT BMOKAMMATTBIK, MHAEKCTEP €CEMTEAAl, MbICaAbI
TUIMAI TemnepaTypa, 5KBUBAAEHTTI TUIMAI TemrnepaTypa, KaAbINTbl SKBMBAAEHTTI TUIMAI Temnepartypa,
boAMaH MHAEKCI X8He COAapAblH Heri3iHAe 3epTTeAeTiH ayMakTa XaAblKTblH ©Mip Cypyi YLiH
KAMMATTbIK, >KaFAQMAAPAbIH, >KaMAbIAbIK, AeHreri aHblkTaAAbl. Ecentey kesiHae batbic KasakcraHAarbl
Heri3ri 6ec CTaHuMs YWiH TOYAIKTIK TemriepaTypaHblH, ayaHblH CAAbICTBIPMAAbI bIAFAAAIABIFbIHbBIH
SKOHE JKEA XKbIAAAMAbBIFbIHBIH 6acTarnkbl AepekTepi nanAaAaHbIAAbl. BYA SKYMbBICTbIH, MaHbI3ABIAbIFbI
aAAM AEHCAYAbIFbIHbIH KAMMATTbIK, (DAaKTOPAAPFa TOYEAAIAITIH aHbIKTAy >koHe TabblAFaH GUOKAMMATTBIK,
KepceTKilTepAiH kemeriMeH baTbic KaszakcTaH ayMaFbIHbIH KAMMATTbIK, XKaF AaiAapbl aAaMHBbIH, TbIHbIC-
TIPLIAIri MEH ThIHbIFYbI YLLIH KQHLAABIKThl KOAQMAbI eKeHiH 3epTTey 60AbIN TabbiAaabl. HaTuxkeAepain
TaAAQybl KOPCETKEHAEHM, CYbIK XaPTbIKbIAAbIKTA aya-paibiHblH OpTalla KataA Typi 6ackiM GOAAAbI,
aA KbIAbl ME3riAAe 3epTTEAETiH ayMaKTblH KAMMATbl >KblAbl 6GOAbIN caHaraAbl. >Kaanbl, batbic
Ka3akCTaHHbIH, KAMMATbIH OCbl OHIPAE XaAbIKTbIH, TYPYbl, AEHCAYAbIFbl >K8HE XYMbICbI YLiH KOAANAbI
Aen caHayra 6oAaAbl.

Tynin ce3aep: GVMOMETEOPOAOTUS, KAMMAT, OMOKAMMATTbIK MHAEKCTEp, TWUIMAI Temrepartypa,
6aramanbl TMIMAT TemniepaTtypa, boamaH nHAeKci.
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OueHka 6MOKAMMaTHUeCKuX YcAoBHi 3anaaHoro KasaxcraHa

B AaHHOW cTaTbe Ha OCHOBE KOMMAEKCHOIO y4yeTa METEOPOAOTrMUYECKMX MapameTpoB NMPUBOAUTCS
oLeHKa OMOKAMMATMUYECKMX YCAOBMIA TEMAOTO M XOAOAHOrO neproAoB 3a 2010-2020 roabl AAs
TeppuTopmn 3anasHoro KasaxcraHa. AAS NPOBEAEHMS AQHHOWM OLEHKM OblAM paccuMTaHbl YeTbipe
OMOKAMMATUYECKMX MHAEKCa, TakMe Kak 3peKkTMBHas Temriepatypa, 3KBMBAAETHO-3(heKTHBHas
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TemnepaTypa, HOpMaAbHasi 3KBMBAAETHO-3(P(heKTMBHAs TeMrepaTtypa, MHAEKC CypoBoCcTM boamaHa, Ha
OCHOBE KOTOPbIX ObIA BbISIBAEH YPOBEHb KOMMOPTHOCTU KAMMATUUYECKMX YCAOBMIA AAS MPOXKMBAHUS
HaceAeHUs Ha n3ydaemoit Tepputopum. [Npu pacueTtax ObIAM MCMIOAb30BAHbI UCXOAHbIE AAHHbIE CYyTOUYHOW
TemMnepaTypbl, OTHOCUTEABHOM BAQXXHOCTU BO3AYXA M CKOPOCTU BeTpa AAS MSTU OCHOBHBIX CTAHLMIA B
3anaaHom KasaxcraHe. BaxxHOCTb AQHHOM PaboTbl 3aKAIOUAETCS B ONPEAEAEHUN 3aBUCUMOCTU 3A0POBbS
YeAOBEeKa OT KAMMaTMUECKMX PakTOPOB M B MICCAEAOBAHUM C MOMOLLbIO HAMAEHHbIX GUOKAMMATUYECKMX
rokasaTeAen HaCKOAbKO BAAronpusTHbI KAMMATUUYeCKMe YCAOBUS Tepputopmmn 3anaaHoro KasaxcraHa
AAS KM3HEAESTEABHOCTM M OTAbIXa YeAoBeKa. AHAAM3 MOAYYEHHbIX Pe3yAbTAaTOB BbISIBUA, UTO B
XOAOAHOE MOAYroAMe MPeobAaAAET YMEPEHHO CYpPOBbIM TWUM MOTOAHBIX YCAOBMIA, @ B TEMAbIA NEPUOA
roAa KAMMaT MCCAEAYEMON TePPUTOPUMN CUMTaeTCsl KOM(POPTHO TeMAbIM. B LileAoM, kanmaT 3anapHoro
KazaxctaHa MOXKHO cuMTaTbh KOMGOPTHBIM AAS TIPOXKMBAHMSI, 3A0POBbS U PabOTbl HACEAEHUS B 3TOM

pernoHe.

KAtoueBble cAOBa: OGMOMETEOPOAOTMS, KAMMAT, OMOKAMMATUYECKME WHAEKCbI, 3heKTUBHAS
TemnepaTypa, 3KBMBAaAEHTHO-3(pheKTMBHas TemnepaTypa, MHAekC boamaHa.

Introduction

For a successful assessment of the comfort of the
climate of a certain territory, it is necessary to
implement a  complex  biometeorological
characteristic, which, firstly, characterizes the
features of the natural environment, and secondly, it
can be useful for taking preventive measures for
some diseases. The assessment of the bioclimatic
conditions of the territory should be carried out
using various bioclimatic indices, which are based
on various meteorological elements (Yakovenko,
2001). So, there are temperature-humidity and
temperature-humidity-wind bioclimatic indices.

Research in the field of studying the impact of
climate on human health is currently extensive.
Many Russsian and foreign scientists assessed
bioclimatic indices for different territories. For
example, a bioclimatic assessment was carried out
for the territory of the Udmurt Republic
(Perevedentsev, 2016), Krasnodar Territory
(Kuzyakina and Gura, 2020) and other regions of
Russia (Sinitsyn, 2013) using standard indices such
as effective temperature, Bodman's index,
pathogenicity index, etc. For the territory of the
Middle Ob region (Bikmukhametova, 2019), the
overall impact of meteorological indicators was
assessed using the Total Pathogenicity Index using
the Boksha and Bogutsky method, which showed
that severe weather conditions occur for most time
of the year in the studied territory. In addition to that,
this study used the Osokin, Bodman methods and
calculated the Wind-Cold Index to assess the
severity of the climatic conditions during winter.
Isaeva (2008) used the same indexes and added
Khairullin and Adamenko methods for the
bioclimatic assessment of the severity of the winter
in Kazan. A similar methodology was used for an

assessment of biometeorological characteristic of
the southeastern part of Kazakhstan (Beku, 2013;
Nyssanbayeva, 2019). In addition to these
bioclimatic indices, additional ones, such as Mean
Radiant Temperature, were used to assess the
thermal comfort of a person outdoors in sunny
weather (Kantor and Unger, 2011). Also, several
works are devoted to investigation of diseases
associated with extreme weather events (Orimoloye,
2018; Ketterer, 2014; Matzarakis, 2011). For
example, Orimoloye et al. (2018) considered
diseases (skin cancer, heart disease, heat stroke,
diarrhea, etc.) associated with elevated temperatures
and radiation in African countries and highlights the
importance of taking preventive measures in public
health programs. Belkin et al (2015) considered
possible health risks in the Antarctic (polar) region
to prevent frostbite using the Wind Chill Index
(WCI) and the Bioclimatic Climate Severity Index
(BISCR). Recently, studies of the impact of climate
change on human health are also gaining popularity
(Orimoloye, 2019; Szwed, 2010).

Many studies have been devoted to the issues of
assessing the impact of the modern climate on
various spheres of human life, including tourism,
recreation and sports. For example, Pestereva et al.
(2018) analyzed the bioclimatic resources of the
Russian Far East in the context of modern climate
change to enhance health tourism due to the rapid
pace of its development in Russia. Stefanovich
(2019) analyzed the comfort of recreational
conditions in the Crimean region. In their study, they
use the calculation of the partial oxygen density
according to the method of Ovcharova, which is
actively used in the preparation of medical forecasts.

Pavel Ichim and Lucian Sficd (Ichim 2020)
conducted a study to determine the conditions of
human bioclimatic stress in the area of the city of
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Yash in Romania using the Thermohygrometric
Index (THI) as well as the Relative Deformation
Index (RSI), the analysis of which showed that in
general, rural areas are more comfortable for living
in summer, while comfortable conditions are
observed inside the city in winter.

Also, in connection with the outbreak of the
global COVID-19 pandemic, some scientists have
tried to find a connection between climatic
conditions and the spread of this virus. For example,
Werner P. et al. (2021) in their article investigated
the influence of climate and bioclimate on cases of
COVID-19 in Poland. They hypothesized that as the
air temperature drops, the number of cases of
COVID-19 increases (Werner, 2021).

This study provides an assessment of
bioclimatic conditions for the area of West
Kazakhstan using the most frequently used indices
in practice, which are the most effective and
informative: Effective Temperature, Equivalent-
Effective  Temperature, Normal Equivalent-
Effective Temperature and Bodman’s Severity
Index. Meteorological data from five stations Aktau,
Aktobe, Emba, Uralsk, Atyrau (Figure 1) were used
in this study. When calculating the indices, we used
the data of the average values of air temperature,
relative humidity and wind speed for the period from

West part of Kazakhstan

50 °ID'E 55"'0'5

2010 to 2020 for the considered stations in West
Kazakhstan. This work can be used in the field of
public health and recreation.

Materials and methods

Currently, several dozen complex
biometeorological indicators have been developed
that are used to solve various problems. Bioclimatic
indicators are calculated for warm and cold periods
(Rusanov, 1981:70).

Radiation Equivalent Effective Temperature
(REET) proposed by G. Sheleikhovsky is used to
assess recreational and climatic resources for the
warm period (Khairullina, 2005:231). REET is an
indicator of a person's thermal sensation under the
influence of the complex effects of several factors
such as air temperature and relative humidity, wind
speed and solar radiation.

For the purpose of an analytical assessment of
the heat sensations of a dressed person (summer
clothes of the same type), I. Butyeva proposed a
Normal Equivalent-Effective Temperature (NEET),
taking into account the influence of temperature, air
humidity and wind speed. The NEET is recognized
as comfortable in the temperature range from +17 to
+22 °C (Khairullina, 2005:231).

60°|O'E /

West Kazakhstan

50°0'N

45°0'N

Mangystau

Aktobe

[ ek
0 90180 360 Kilometers

1cm =96 km

Figure 1 — West part of Kazakhstan including West Kazakhstan,
Aktobe, Atyrau and Mangystau regions
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The Biologically Active Temperature (BAT)
that was proposed by G. Tsitsenko makes it possible
to determine the complex effect of temperature, air
humidity, wind speed, total solar radiation, long-
wave radiation of the underlying surface on a
human. The BAT comfort zone is within the
temperature range from +10 to +20 °C (Khairullina,
2005: 231; Shtal, 1981:18).

Methods for assessing the severity of the
weather also exist for bioclimatic assessment of the
cold period. The severity of weather can be
estimated by the values of low air temperature and
wind speed, which affect the cooling of unprotected
parts of body and respiratory organs. In other words,
it can be considered not as an objective property of
the weather, but as its influence on the cooling of a
person, as a result of which the stay in the open air
is limited and there is a need for clothing. To assess
the severity of the weather the Bodman method is
most often used (Kolokotroni, 2003: 26; Vitchenko,
2007:102).

Effective Temperature (ET) is one of the main
biometeorological indices characterizing the effect
of a complex of meteorological elements (air
temperature and humidity) on a person through a
single indicator, the so-called effective air
temperature. The body's resistance to the

environment depends on the physical characteristics
of a person. Index ET combines the physiological
and physical factors of the body, clothing and
meteorological environmental factors. ET is
designed for an “average” person, that is, an adult of
average height and weight, dressed according to
weather conditions and walking in shade
(Khairullina, 2005: 231).

ET is directly proportional to air temperature
and relative humidity. ET was calculated using
Equation 1 that was also used in other similar studies
(Perevedentsev, 2016: 533):

f
ET=t—-04-(t —10)-(1 — 170) (1
where, t — dry air temperature (°C); f — relative
humidity (%).

The calculation of ET can be used to assess
thermal loads in different seasons and
environmental comfortness and can also be used for
climate treatment. Using the calculated values, it is
possible to determine the thermal state at
meteorological stations. Table 1 shows the comfort
level scale based on ET values for warm (from April
to September) and cold (from October to March)
seasons.

Table 1 — Scale of effective air temperature during warm and cold periods

Warm period Cold period
Comfort level ET values °C Comfort level ET values °C
"very hot" >30 "very cool" -6-12
"hot" 24-30 "moderately cold" -12-18
"comfortably warm" 18-24 "cold" -18-24
"comfortable" 12-18 "very cold" -24-30
"cool" 6-12 "frostbite threat" >-30
"moderately cool" -6-+6

Equivalent Effective Temperature (EET)
takes into account the complex effect of
temperature, air humidity and wind speed on a
person. EET is a combination of meteorological
values that produces the same thermal effect as

EET =37 37—t

stationary air at 100% relative humidity and a
certain temperature, and evaluates the heat
sensation of a person naked to the waist. EET
calculations are made according to the formula
of A. Missenard (Beku, 2013: 68):

0.68-0.0014 +1/(1.76+1.4""

)—0.29r (1- £/100), (2
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where ¢ — air temperature (°C); v — wind speed (m/s);
f—relative humidity (%).

The bioclimatic index EET can be used to
characterize the comfortness of both warm and

factors in which a person naked to the waist
experiences subjectively good heat sensation and
maintains a normal body temperature. Unlike
ET, this index takes into account wind speed, in

cold periods of the year (Table 2). EET is addition to relative humidity and air
determined by a combination of meteorological temperature.
Table 2 — Equivalent — effective air temperature scale
. EET for humans, °C
Heat sensation category
unclothed clothed
Comfortable 20-30 16,7-20,6
Cooling zone 6-12 less 16,7
Overheating zone higher 21,7 higher 20,6

In addition to the EET index, the Normal
Equivalent-Effective Temperature (NEET) was
calculated using formula of Butyeva (3) to assess the
heat perception of a dressed person (Sinitsyn, 2013:
281):

NEET =0.8-EET +7°C 3)

In NEET index the fact that at an air temperature
below -7 °C any wind has a cooling factor was taken
into account. The NEET indicator is used to assess the
heat perception of a dressed person, and, accordingly,
is a more informative indicator of the comfort of the
climate than EET (Sinitsyn, 2013: 281).

Table 3 — Bodman Severity Index scale

For the bioclimatic assessment of the cold
period, the Bodman Index can be used to evaluate
the severity of the weather in points (Khairullin,
1997: 132). The index can be calculated using
equation 4:

S=0-004-)1 +027-v), 4

where S — severity index (points); ¢ — air temperature
(°C); v — wind speed (m/s).

Table 3 provides a scale for the level of
comfortness according to the Bodman’s Index

Comfort level Value S
"warm winter” S<1
"mild winter” 1-2
"moderately severe" 2-3
"severe" 34
"very severe" 5-6
"extremely harsh" >6

In addition to the Bodman Index, the
Adamenko-Khairulin  "Reduced  Temperature"
Index was calculated (Tkachuk, 2012: 12;
Abdirazak, 2016: 85). This index takes into account
human heat losses depending on the combination of
actual air temperatures and wind speeds, compared
to heat losses with the same air temperature, but in
calm wind conditions. The index is also used in
assessing the severity and continentality of the
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climate. The index is considered to be more
objective in assessment of the discomfort of the cold
period compared to the Bodman Weather Severity
Index since takes into account the warming effect of
radiation. The Index of "Reduced Temperature" is
calculated by the formula:

treg = t— 1.8V, (5)
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where t.s. — reduced temperature; ¢ — actual
temperature; ¥ — wind speed.

Results and discussion

The Effective Temperature Index characterizes
the heat perception of an undressed human body.
The same heat perception can be experienced with a
wide variety of combinations of meteorological
elements. Figure 2 shows a graph of annual
distribution of the average effective air temperature
for studied stations in West Kazakhstan for the
period of 2010 — 2020.

The values of the ET depend more on air
temperature than on humidity, and repeat the spatial
distribution of temperature, slightly increasing from
north to south. The difference between the northern

ET, °C 30,0 -
25,0 A
20,0 -
15,0 A

10,0 -

(Uralsk, Aktobe, Emba) and southern (Atyrau,
Aktau) stations can be from 2.5 g0 10 °C. As a result
of calculations, it was found that in the territory of
West Kazakhstan during the year, the ET value
ranges from 1.0 to -11.3 °C in winter and 21.4 to
23.9 °C during summer, which corresponds to the
level of comfortness from "very cool" to "hot".

During the transitional seasons of the year, the
Effective Temperature Index varies from -1.8 to
18.9 °C. Thus, conditions in early spring and late
autumn are characterized as “moderately cool”,
while conditions in late spring and early autumn are
characterized as “comfortable”. Thus, the climate
from the first half of April to October, when the
average monthly values of the ET are above 12.0 °©
C, can be called comfortable for the population of
West Kazakhstan.

Aktau Aktobe

Emba

Ural'sk Atyrau

Figure 2 — Annual variation of the average effective temperature
for considered stations in West Kazakhstan

Figure 3 shows the histogram of the average
annual ET value for the stations in the region under
study.

It was found that in the territory of West
Kazakhstan during the year the value of ET
ranges from 5.9 to 12.2 °C. Based on the graph
shown in Figure 3, it can be seen that the highest
average annual effective air temperature was
noted at Aktau station (12.2 °C), and the lowest
— at Aktobe station (5.9 °C) during the period
from 2010 to 2020.

Figure 4 shows the dynamics of the average
monthly January and July Effective Temperature
over the last decade (2010-2020).

Based on Figure 4, there is a pronounced
positive trend of the ET in January at all the stations
studied. However, in July, there is a downward trend
in the values of the ET for the same period under
consideration. Over the past decade, the minimum
values of the average monthly ET for January were
observed in 2010 and the maximum average July ET
values were observed in 2010, 2011 and 2018.
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ET, °C
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Stations

Figure 3 — Average annual values of ET for considered stations in West Kazakhstan
for the period 2010-2020.
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Figure 4 — Changes in the average January and Average July effective temperature (ET)
for considered stations in West Kazakhstan (2010-2020)

The next index, which was calculated in the
course of this work, is the EET indicator, which
characterizes the heat perception of the human body
in the dressed form. Figure 5 shows the graph of the
annual variation of the average equivalent-effective
air temperature for the studied stations for the period
0f2010 — 2020.

According to the Missenard method, the average
monthly values of human thermal sensitivity range
from “comfortably warm” in summer to dangerous
“frostbite threat” in winter months. In winter, the
average EET values vary from -29.3 °C (Emba) to -
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10.2 °C (Aktau). In summer, the spatial variability
of the EET is two times lower: the minimum values
are typical for the northern stations (Uralsk, Emba,
Aktobe) from +15.6 to +18.4 °C ("comfortable"
conditions), the maximum values were observed in
Aktau and Atyrau (+18.5 to 21.1 °C) ("comfortably
warm" conditions). The spatial distribution of the
index within the region repeats the distribution of
the temperature and the ET index.

Figure 6 shows the graph of changes in the
average monthly EET for January and July for the
period 2010-2020.
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Figure 5 — Annual variation of the average equivalent-effective air temperature
for considered stations in West Kazakhstan
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Figure 6 — Changes in the average January and average July equivalent-effective temperature (EET)
for considered stations in West Kazakhstan (2010-2020)

From the Figure 6, it follows that in January, at
all the stations under study, as it was with the case of
ET, there is a positive trend in EET values. In July,
almost all stations have a negative trend of EET
values, with the exception of Emba station. The time
course of the average January and average July EET
values is analogous to the time course of the ET.

Figure 7 shows the annual distribution of the
average normal equivalent-effective air temperature
for the stations under consideration for the period
2010-2020.

It should be noted that the values of the NEET
significantly exceed the corresponding values of the
EET for the same annual course. The cold period of

the year (October-April) is characterized by
negative NEET values. Thus, in winter, according to
the NEET value, Aktobe, Emba, Uralsk, Atyrau are
in the zone of “very cold” discomfort, while Aktau
is in the zone of “moderate cold”. In December,
January and February, the NEET values could reach
-28.3, -33.1, -33.1 °C, respectively, which has
negative consequences for the well-being and health
of people. In the first half of spring and in the second
half of autumn, West Kazakhstan is in the zone of
“very cool” and “moderately cold”, only Aktau is
characterized by relatively “warm” NEET values
(1.4 °C and 3.6° C, respectively) and is in
"moderately cool" zone. May and September are
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characterized as “cool” in terms of the NEET value = “comfortably warm”. Consequently, the climatic
(from 5.7 to 12.8 ° C). In all summer months, conditions in the summer are favorable for a person's
according to the NEET indicator, the climate of the  stay in the open air and should not cause unfavorable
region under consideration can be characterized as  heat sensations.

NEET, 30,0 -
'C
20,0 -

10,0 A

0,0
-10,0 -

-20,0 -

-30,0 -

-40,0 -
=0==Aktau Aktobe Emba =@®=Ural'sk ==@=Atyrau

Figure 7 — Annual variation of the average normal equivalent-effective temperature
for considered stations in West Kazakhstan

Figure 8 shows the time series of the average  similar to the results of studies conducted in other
monthly Normal Equivalent-Effective Temperature  regions (Perevedentsev, 2016; Nysanbayeva, 2019).
(NEET) for January and July for 2010-2020. Table 4 shows the average values of the Bodman

Recently, there has been an increase in the trend ~ Severity Index, calculated for the cold season
of the NEET values for January, while in July there = months from 2010 to 2020 for stations in West
is no pronounced change in the trend. This resultis  Kazakhstan.
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Figure 8 — Changes in the average January and average July normal equivalent-effective
temperature (NEET) for considered stations in West Kazakhstan (2010-2020)
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Table 4 — Average values of the Bodman Index for considered stations in West Kazakhstan from 2010 to 2020

Stations January February March October November December
Aktau 2,1 2,0 1,6 0,9 1,5 1,9
Aktobe 2,6 2,4 2,0 1,2 1,7 2,9
Emba 33 32 2,5 1,5 2,1 2,8
Uralsk 2,6 2,6 2,0 1,2 1,8 2,2
Atyrau 3,0 2,9 23 1,4 2,2 2,7

Average 2,7 2,6 2,1 1,2 1,8 2,5

Most of West Kazakhstan during the winter
period is characterized as moderately severe by
the Bodman Index (S = 1.9-3.0). During the study
period, among all stations, Emba stands out with
its highest values of the S index, for example, the
average monthly value of S was 3.2 and 3.3 in
January and February could be associated with
significant wind speeds at low temperature
values.

From the table 4, it follows that the Bodman
Index in the territory of West Kazakhstan varies
from 0.9 to 3.3 points with the lowest values in
Aktau and Emba for the entire cold period of the

year. The winter months are characterized by the
highest values of the severity index. For example,
the average value of the Bodman Index for West
Kazakhstan is 2.4, 2.7, 2.5 for December, January
and February, respectively, while in October and
November these values were 1.3 and 2.0. Thus, the
bioclimatic conditions of the cold half of the year in
this territory are characterized as low and
moderately severe.

Table 5 shows the average values of the
Reduced Temperature, calculated for the cold
season months from 2010 to 2020 for considered
stations in West Kazakhstan.

Table 5 — Average values of the Reduced Temperature considered stations in West Kazakhstan from 2010 to 2020

Station Months
January February March October November December
Aktau -3,6 -3,1 2,6 9,9 2,5 -1,7
Aktobe -16,0 -15,1 -7,0 3,2 -5,0 -11,8
Emba -15.4 -16,1 71,3 3,3 -5,9 -13,6
Uralsk -14,2 -13,6 -6,3 3,7 -3,9 -10,0
Atyrau -10,5 -9,8 -1,7 6,0 -2,2 -7,6
Average -11,9 -11,5 -3,9 52 -2,9 -8,9
According to the values of the Reduced Conclusion

Temperature, there were no severely uncomfortable
conditions in the West Kazakhstan region. The
lowest values of the Reduced Temperature of
Khairullin-Adamenko were observed in January
(from -3.6 to -16 °C) at all stations, except for Emba,
where the minimum is in February (-16.1 °C).
Among all considered stations, the minimum values
were observed at Aktobe and Emba stations during
the cold season. In January and February in Uralsk,
Emba and Aktobe the given temperatures were
considered to be relatively favorable. At other
stations in the remaining months, the index indicates
the favorable climate of the region.

Active synoptic activity during the cold half of
the year in West Kazakhstan can form
uncomfortable conditions, which were confirmed by
the results of this work based on values of ET, EET,
NEET, Bodman's Index, Reduced Temperature.

ET, EET and NEET indices show that during the
cold half of the year (October-April), the northern
part of the West Kazakhstan is in the "very cold”
zone, while the southern part (Aktau) is in the
"moderate cold" zone. Very low values of these
indices in the northern part of West Kazakhstan can
lead to negative consequences for the well-being
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and health of people. In the first half of spring and
in the second half of autumn, West Kazakhstan is in
the zone of "very cool" and "moderately cold", only
Aktau is characterized by "warmer" values of ET,
EET and NEET. May and September are
characterized as "cool" months. In all summer
months, according to the indicators of ET, EET and
NEET, the climate of the studied region can be
described as "comfortably warm". Therefore, the
climatic conditions in the summer are favorable for
a person's stay in the open air and should not cause
unfavorable heat sensations.

According to the calculated values of the
Bodman Severity Index for the cold period of time
(October-March), it was found that the Bodman
Index in the territory of West Kazakhstan varies

from 0.9 points to 3.3 points. In general, the
bioclimatic conditions of the cold half of the year in
the study area are characterized as low and
moderately severe.

Based on the obtained results, the climate of
West Kazakhstan from the first half of April to
October, when the average monthly values of ET
are above 12 °C, can be called comfortable for
the population of this region. Bioclimatic
conditions of West Kazakhstan vary significantly
from season to season and knowledge of climatic
features makes it possible to choose the optimal
conditions for people to live in a particular zone.
The values of the Reduced Temperature indicate
favorable climatic conditions in the West
Kazakhstan region.
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