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The study of the city of Rudny as a “heat island”

The annual increase in surface air temperatures contributes to climate change. This phenomenon is wide-
spread over the entire surface of the Earth and is typical for any point of the planet. The purpose of this study
was to identify patterns of changes in meteorological indicators in the city of Rudny, Kostanay region, Re-
public of Kazakhstan over the summer period 2018-2022. The scientific novelty of the work lies in the fact
that for the first time the spatial distribution of the heat index in the territory of the city of Rudny was deter-
mined. To conduct the study, data from local automated weather stations were used, meteorological data was
analyzed, compared for each year of the study, and the heat index was calculated. The reliability of the results
is ensured by mathematical processing of daily empirical temperature and humidity data (calculation of the
average for the day, the average for the month), coefficient of variation, coefficient of dispersion. The con-
ducted research provides a clear description of climate changes in the city of Rudny, which can be used by
municipal authorities to form measures to reduce the thermal impact on public health, heat loss in the housing
and communal services system, and to improve air quality when planning urban infrastructure in the territory
of the studied city.

Keywords: heat island, heat wave, heat index, coefficient of variation, coefficient of dispersion, meteorologi-
cal indicator, trend line, atmospheric humidity, atmospheric temperature.

Introduction

According to Kazhydromet, over the past 100 years, the average annual temperature in Kazakhstan has
increased by 1.5 degrees Celsius [1]. This situation indicates local climate change and implies an annual in-
crease in surface air temperature indicators.

Therefore, the purpose of this study was to identify patterns of changes in meteorological indicators.
The place of research is the city of Rudny. The summer period 2018-2022 was chosen for the study.

In accordance with the goal, the following tasks were set:

—study the factors influencing the formation and intensity of heat island propagation in the city of

Rudny;

— analyze the temperature and humidity indicators for the summer period 2018-2022 for the city under

study.

— calculate the heat index for the summer period 2018-2022 for the city under study.

— identify the relationship between changes in indicators in the city of Rudny over time (for the summer

period 2018-2022).

The relevance of this work is determined by the intensive development of urbanization, which affects
the local climate of the territory, characterized by the appearance of the so-called “heat island”. The calculat-
ed data can be used by municipal authorities to formulate measures to reduce the heat impact on the health
and life of the population, on heat losses in the housing and communal services system, and on improving air
quality when planning urban infrastructure.

The scientific novelty of the work lies in the fact that for the first time the spatial distribution of the heat
index over the territory of the city of Rudny was determined.

The object of research was the city of Rudny, Kostanay region, Republic of Kazakhstan.

The subject of the study was the indicators of temperature and humidity of atmospheric air, as well as
the patterns of their interaction. These meteorological indicators for the summer period 2018-2022 were tak-
en from the official website of Kazhydromet [1]. Data for the summer months of 2023 are not published on
the site.
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Materials and methods

Analyzing the urban “heat island” is one of the easiest ways to see how human impact can change our
planet [2-4]. Urban “heat island” is a meteorological phenomenon that involves an increase in the tempera-
ture of urban space relative to the surrounding rural areas [5-8]. To identify the “heat island”, the difference
between the values of the heat indices calculated from the temperature and humidity of atmospheric air is
used [9-11].

The formation and intensity of the «heat island» spread is influenced by the following factors:

— geographical location;

— size of the city;

— specialization of the city;

— weather conditions;

—time;

— City type [12-15].

Each of these factors is considered in relation to the city of Rudny [16]:

1 Geographical location:

Rudny is a city located on the Tobol River in Kostanay region. The territory is characterized by a rela-
tively flat terrain. Rudny is bordered by 2 cities (Kostanay, Lisakovsk) and 4 districts (Taranovsky,
Auliekolsky, Fedorovsky, Altynsarinsky).

2 City size:

By the volume of the occupied territory, the city occupies the 2nd place in the region after Moscow,
Kostanay and its area is 195.11 km2.

3 Specialization of the city:

Rudny is a city of regional subordination. The city is rich in ore resources, including coal, iron ore and
other metals. Its emergence is associated with the development of an iron ore deposit and the construction
Sokolovsko-Sarbaysky Mining and Processing Plant (JSC SSGPO). This is a single-industry town.

4 Weather conditions:

The climate is sharply continental, with a pronounced alternation of four seasons. Winters are long and
frosty, with strong winds and blizzards, and summers are hot and dry.

5 The time taken for the study is the summer season, with the vegetation available during this period
and hot weather conditions.

6 City type:

city geometry: houses on the territory of the city are located in a block and parallel street system.

landscaping: there is a small amount of shrubby vegetation, trees, including those with pruned crowns
— the vegetation is small.

materials: the asphalt surface strongly prevails, there is a mirror reflecting surface of buildings (win-
dows, building cladding), metal and stone monuments on the territory of the city, metal lamp posts, a large
flow of cars.

Having recognized the factors influencing the formation and intensity of the spread of the “heat island”
in Rudny, then we consider the indicators of temperature and humidity of atmospheric air taken from the of-
ficial website of Kazhydromet for the summer period 2018-2022 for 2 automated weather stations located in
Rudny [1]:

Rudny PNZ No. 5 (S), Molodoy Gvardii str. / 4th pereulok.

Rudny PNZ No. 6 (S), Komsomolsky ave., mosque district.

Since data on meteorological indicators are available only for the PNZ No. 6 (S) weather station, then
only these indicators will be used in the study.

After analyzing the temperature and humidity indicators of atmospheric air for the summer period
2018-2022, comparative graphs are constructed, presented in Figures 1 and 2.
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Average monthly atmospheric air temperature indicators for automated weather
stations in Rudny for the period June-August 2018-2022.
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Figure 1. Monthly average air temperature indicators for the automated weather station PNZ No. 6 (S) in Rudny for the

period June-August 2018-2022

According to the graph, the following conclusions were drawn on the monthly average atmospheric
temperature indicators for the automated weather station PNZ No. 6 (S) in Rudny for the period June-August

2018-2022:

1. The highest annual figures for atmospheric air temperature, among those presented, were revealed in
2021, and the lowest — in 2018.

2. High temperature indicators are more pronounced in July and less pronounced in June.
3. Every year there is an increase in the average value of atmospheric air temperature by about 0.5—

1.5°C.
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Average monthly atmospheric humidity indicators for automated weather
stations in Rudny for the period June-August 2018-2022.
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Figure 2. Monthly average atmospheric humidity indicators for the automated weather station PNZ No. 6 (S) in Rudny
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According to the constructed schedule, the following conclusions were drawn on the average monthly
atmospheric humidity indicators for the automated weather station PNZ No. 6 (S) in Rudny for the period
June-August 2018-2022:

1. The highest annual humidity indicators were revealed in 2018, and the lowest — in 2021.

2. Indicators of high humidity are more pronounced in August, less so in June.

3. Every year there is a decrease in the average value of atmospheric humidity by about 7-15 %.

The calculated coefficients of variation and variance presented in Table 1 are used to confirm changes
in meteorological indicators for the summer period 2018-2022.

According to the calculated values, a conclusion is made on the coefficients of variation and variance
based on the data of atmospheric temperature and humidity for the period June-August 2018-2022. The
greater the difference between the resulting coefficients, the more the initial data differ from the average
(normal for the region and season) indicators, i.e. there are abrupt changes in the indicators.

The study uses the following methods:

— to obtain data on the regularities of the formation of “heat island”: study and determine the factors
of formation and intensity of the spread of “heat island” in the city under study;

— to collect initial weather data in the object under study: method for analyzing weather station data,
HORIBA software package, Kazhydromet official website https://www.kazhydromet.kz;

— for mathematical data processing, identifying trends in their changes, and visualizing results: the
capabilities of the Excel, Google Earth, and Humindex computer programs.

Table 1

Coefficients of variation and variance based on atmospheric temperature and humidity data for the period
June-August 2018-2022

Year Coefficient of variation, % Coefficient of variance
According to tempera- | According to humidity According to According to humidity
ture data temperature

2018 15,33 10,23 0,46 0,56
2019 11,82 10,89 0,27 0,64
2020 13,76 14,37 0,37 1,10
2021 3,61 6,91 0,02 0,25
2022 9,17 2,42 0,16 0,03

Results and Discussion

Having the values of temperature and humidity of atmospheric air, it is possible to calculate the heat in-
dex using the online calculator Humindex. This indicator is necessary to determine the equivalent tempera-
ture perceived by a person [17].

Based on the calculated heat index data for the period June-August 2018-2022 for the automated
weather station PNZ No. 6 (S) in Rudny, presented in Table 1 of Appendix A, the following conclusions are
drawn:

This indicator has low values in the morning, compared to the rest, and high values are seen in the day-
time.

The lowest indicator in the summer season (5.8-morning) was revealed in 2018, the highest (37.9-day)
—in 2019.

After analyzing the heat index indicators for the summer period 2018-2022, comparative graphs are
constructed, shown in Figure 3.

According to the World Meteorological Organization, heat waves are considered to be a period with a
maximum daily air temperature exceeding the average maximum temperature by 5°C or more, lasting con-
tinuously for 5 days or more [18]. In the branch of RSE “Kazhydromet” in Kostanay region, there are data on
the average maximum air temperature in the summer season for the city of Rudny and are equal to: in June
+19.9°C, in July +21.1°C, in August +18.9°C [19]. These values are determined based on already available
data for the last 50 years for the city under study. The impact of heat waves on climate change is signifi-
cant [20]. This is also typical for the Republic of Kazakhstan. The phenomenon affects every city in the
country, including the city of Rudny (the object of research).
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The dynamics of daily values of heat indices for June-
August 2018-2022 according to an automated
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Figure 3. Heat index indicators for the summer period 2018-2022

According to the constructed graphs, the following conclusions were drawn on the heat index indicators
for the summer period 2018-2022:

1. Thanks to the built-up trend lines, the variability of the heat index indicators by month can be clearly
traced. Since mid-June, the index has been growing, and by mid-August it is declining.

2. Over the years, the dynamics of increasing the values of the thermal index is noticeable.

3. The lowest overall figures were found in 2018, and the highest overall figures were found in 2020.

The increased risk of heat waves affecting human health can be traced in the daytime during the entire
summer season. The average duration of heat waves is 7-16 days. The intervals between them are 5-10 days.
At least 1 heat wave is recorded every month, and most of them are traced in July and August.

Table 2 shows the number of days with increased heat index values and the number of heat waves dur-
ing the study period.

According to the calculated values, conclusions are drawn on the number of days with increased heat
index values and the number of heat waves for the period June-August 2018-2022.:

1. The month of June is least affected by heat waves and increased heat index values.

2. The months of July and August are comparatively similar.

3. Data for 2020 are presented as anomalous.

Table 2
The number of days with increased heat index values and the number of heat waves for the period June-August
2018-2022
Month Total number of days with increased heat index values / number of heat waves
2018 2018 2018
June 5/-6 June 5/-6 June 5/-6
July 21/2 July 21/2 July 21/2
August 12/1 August 12/1 August 12/1
TOTAL: 38 days / 3 heat TOTAL: 38 days / 3 heat TOTAL: 38 days / 3 heat
waves waves waves
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Conclusions

As a result of the research work, the goals and objectives set earlier were fulfilled and the following
conclusions were obtained:

1. The following regularities of changes in the temperature and humidity of atmospheric air in the city
of Rudny during the studied period were revealed:

—  During the summer period 2018-2022, there is an annual increase in the average value of atmos-
pheric air temperature by about 0.5-1.5 °C and a decrease in the average value of atmospheric air humidity
by about 7-15 % during the summer months;

— Among the summer months, the month of June is distinguished by low temperature and humidity in-
dicators for the entire study period, the month of July is distinguished by high temperature values, and the
month of August is characterized by high data on atmospheric humidity in the city of Rudny.

2. The regularity of the peak temperature and the values of the heat index in the daytime, respectively,
and the greatest danger of finding a person in the open air is confirmed. The safest time for a person is in the
morning.

3. During the period June-August 2018-2022, an increase in the number of days with a high heat index
is observed. Heat waves can be traced in the summer period 2018-2022.

4. Since 2020, there has been a jJump in the increase in meteorological indicators, and this trend contin-
ues.
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A.B. T'onymiko

PyaHblil KaJlachIH «KbLITY apajibl» peTiHae 3epTTey

XKep Oerinmeri aya TemrepaTypachIHBIH JKbUI CAaibIHFBI JKOFapbUIaybl KIMMATTHIH ©3repyiHe BIKIAT eTeli.
by kyOsuibic XKepaiH OyKis OeTiHe KeH TapalfaH )KoHE TUIAHETAHBIH Ke3 KeJITeH HYKTECIHE ToH. 3epTTeyIiH
Mmakcatsl 20182022 >xpuinapaarbl jkas3rbl keseHae Kocranait o6mbickl Pynubiii kanaceiaaarsl (KazakcTan)
METEOPOJIOTHSIIBIK  KOPCETKIIUTEPIH ©3repy 3aHIbUIBIFBIH aHBIKTAy. JKYMBICTBIH FBUIBIMU >KaHAJIBIFBI
MBIHaA: anram peT PynHel KamacklHBIH ayMarblHAA JKBUTY KOPCETKINIIHIH KEHICTIKTE Tapaiysl
AHBIKTAJFAHBIHIA. 3epTTeyIi JKYPridy YVIIIH JKEPTiTKTI aBTOMATTaHIBIPBUIFAH METEOCTAaHISIIapAbIH
MOJIIMETTepi MaiaNlaHbUIIBI, METEOPOJIOTHUSIIBIK JEPEKTEepre Talay >Kacaliibl, 3epTTEyIiH opOip JKbUIbIHA
CaJIBICTBIPY JKYPTi3iAi JKOHE JKBbUTy MHJEKCi ecenrtenai. HoTwkenepniH ceHIMAiniri temmeparypa MeH
BUTFJIIBUIBIKTBIH TOYJIKTIK SMIMPUKAJIBIK JEPEKTEpiH MaTeMaTHKAJIBIK OHJEY apKbUIbl KaMTaMachl3 eTii
(opramia ToymiKTiK, oOpTamia aiIbpIK ecenTey), SFHH Bapuanus Kod(Q(GUIMEHTI >KoHE IUcHepcust
koaddurpenTi. 3eprrey PyaHbiii Kamackl OOMBIHINA KIMMATTBIH ©3repyiHe HAKThI cHmaTtTama Oepejli, OHbI
MYHHIUIIAJIABl  OPTaHAap TYPFBIHAAPIABIH IEHCAYJIbIFBIHA JKBUTy OCEpiH, TYPFBIH YH-KOMMYHAIIBIK
MIApyaIIbUIBIK, JKYHECIHIeT1 JKbUTy Il )KOFANTYIbI a3aliTy jKOHE 3epTTENeTiH KAIAaHBIH ayMarblHIa KaJlaJbIK
MH(PAKYPBUTBIMIBI JKOCTIapIay Ke3iHJAe aya calachlH jKaKcapTy IapagapblH KaIbIITACTRIPY YIIIH KOJaHA
anajsl.

Kinm ce30ep: Xbuly apaibl, KbUIy TOJKBIHBI, JKbUIy HWHJIEKCI, Bapuauus Kod(pduimeHti, xucnepcus
KO3 GHIMEHTI, METEOPOJOTHSIIBIK KOPCETKINl, TPEHJ CBI3BIFBI, aTMOC()EpasIbIK ayaHbIH bUIFAABLIBIFI,
aTMoc(epansIK aya TeMIIepaTypacsl.

A.B. T'onymiko

HccaenoBanne ropoaa PyaHblii Kak «OCTPOBA TEIIA»

EsxeroHoe MOBBIIICHHE TEMIIEPATypHBIX IMOKa3aTeleil MPH3EMHOr0 BO3IyXa CHOCOOCTBYET HM3MEHEHHIO
KIMMarta. JlaHHOe SIBICHME PacIpoCTPaHEHO 0 BCEl MOBEPXHOCTH 3eMIIM U XapaKTepHO IS JTI000H TOUKH
riaHeThl. 1[epl0 TaHHOTO HCCIIEA0BaHUS SIBISUIOCH BBISIBJICHHE 3aKOHOMEPHOCTH M3MEHEHHSI METEOPOJIOTU-
4YecKHX TMokasareneil B ropone Pynmnom Kocranaiickoit oonactu (Kasaxcran) 3a setauit mepuon 2018-2022
rogoB. HayuHass HoBH3Ha pabOThI 3aK/IOYACTCSI B TOM, YTO BIIEPBBIC OBUIO OIPE/ICNICHO MPOCTPAaHCTBEHHOE
pacrpeziesieHue HHJEKCa TeIla Ha TeppUTOpHHU ropoaa PymHoro. s NpoBeaeHns UCCIIeI0BaHUs UCTIONB30-
BJINMCh JaHHbIE MECTHBIX aBTOMAaTHU3UPOBAHHBIX METEOCTAHIIMI, MPOBOJMIICS aHAJIM3 METEOPOJOTHYECKUX
JAHHBIX, UX CPaBHEHHUE 32 KaX/IbIil T0J] MCCIIEIOBAHMUS, a TAKKe BBIYUCISIICS MHICKC Temia. JocToBepHOCTh
pe3yibTaToB obecrednBanach MaTeMaTH4ecKoi 00pabOTKOH eXKEeTHEBHBIX AIMIMPUYCCKUX JAHHBIX TeMIepa-
TYpHI U BIXHOCTH (TIOJICUET CPETHETO 32 JIEHb, CPEIHETO 3a MecsIl), ko3 durmenTa Bapuaimn, kodddumm-
eHTa pucnepcuu. [IpoBeIeHHOE HCCiIeIOBaHNE A0 YETKYIO XapaKTePUCTUKY H3MEHEHHSIM B KIIMMATE II0 I'o-
poxy PynHoMy, KOTOpast MOXKET HCIIONB30BAaThCsl MyHUIIMIATIGHBIMEA OpraHaMu Uit pOpMHUPOBAaHHUS Mep IO
YMEHBIICHHUIO TEIUIOBOTO BO3AEHCTBHS Ha 3[0pPOBbE HACENEHMS, HA IOTEPH TeIIa B CUCTEME >KIIIUIIHO-
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KOMMYHAJIbHOTO XO3sIHCTBa, Ha yIydIlleHHEe KauecTBa BO3AyXa MpH INIAHUPOBAHUU TOPOJCKON MH(paCTPyK-
TYpbl Ha TEPPUTOPUH HUCCIIETyEMOTO TOPOa.

Kniouegvie crosa: ocTpoB TeIula, BOJHA JKapbl, HHAEKC TeIIa, KO3QGHUIMEHT BapHauu, Ko3QGUIMeHT aAuc-
HEepPCUH, METEOPOJIOTMIECKHI TOKa3aTelb, IMHHUS TPEH/a, BIAKHOCTh aTMOC(EpHOTro BO3ayXa, TeMIlepaTypa
aTMOC(EPHOTO BO3TyXa.
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