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Water temperature is one of the important hydrometeorological characteristics of large bodies of
water, because of its influence on biological and chemical processes.

In this work, water temperature data from coastal observation points of Kazakhstan and remote
sensing data of the Earth, such as satellite images, and reanalysis, were considered. In the long-
term context, in the Kazakh sector of the Caspian Sea, the water temperature ranged from 10.8 °C
(Peshnoi) to 12.7 °C (Kulaly Island). The effectiveness of the use of reanalysis data with the use of
statistical criteria was evaluated. These quality criteria characterize the reliability of the results, and
ERAS realism data are effective and can be used for analysis, and research. All the databases under
consideration showed that SST the average monthly minimum values are observed in January, and
the maximum values are observed in the summer period. The change in water temperature over the
years has a positive trend.
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INTRODUCTION

The average global water temperature
is rising (Climate change indicators, 2022).

The water temperature is one of the
important characteristics of the state of the
ecosystem of the Caspian Sea, where the Caspian
sealandcommercialfishspecieslive,andinfluences
physical, chemical, and other processes at sea
(The Sea Project, 1996; Guseinov et. al, 2010).

An increase in the flow of rivers into the
sea, as well as an increase in sea level, contribute
to the establishment of a favorable temperature
regime for biota (Guseinov et. al, 2010).

This work studies the water temperature
or sea surface temperature (SST) of the Caspian
Sea, the length of the coastline which is 5970
km, and an area of more than 386 thousand
square kilometers, using Remote sensing
data of the Earth, which allows observations
to analyze the state of the entire sea.

The results of a number of authors
have shown that for large bodies of water, the

use of remote sensing data in research (space
sniffing, reanalysis) gives fairly good results
(Grankina et. al, 2019; Shevchenko et. al, 2022;
Ivkina et.al, 2018; Myslenkov et. al, 2017).

In this regard, the study of changes in SST
was carried out according to remote sensing data,
since in the Kazakh sector under consideration,
observationsarecarriedoutonlyatcoastalstations.

The purpose of this work is to review
the available databases on water temperature
and assess the applicability of reanalysis data
for analyzing changes in water temperature.

MATERIAL AND METHODS

The Caspian Sea is the world’s largest inland
body of water, located to the east of the Caucasus
Mountains and to the west of the steppe of Central
Asia (Caspian Sea, 2022). The average long-term
values of SST in the Kazakh part of the Caspian
Sea varied from 10.8 °C (Peshnoi) to 12.7 °C
(Kulaly Island) based on the (CASPCOM, 2022)
data of the marine stations: Peshnoi, Kulaly
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Island,

Fort Shevchenko,

Aktau

(Table

1). SST near the north and northeast parts

of the sea is

Water temperature specifications

influenced by freshwater
runoff from the Volga and Zhaiyk rivers.

Table 1

Station Control Long - term Maximum, °C Minimum, °C
period average, °C
Peshnoi 1972...2020 10,8 35,6 (2000) -1,7 (1993)
Kulaly Island 1961...2020 12,7 33,7 (1977) -3,2 (2002)
Fort-Shevchenko 1961...2020 11,6 33,6 (2005) -2,9 (1997)
Aktau 1977...2020 11,5 30,8 (1977) -1,7 (1998)

In the distribution of SST within the year
(Figure 1), the average monthly minimum values
are observed in January, and the maximum
values are observed in the summer period
(Peshnoi, Kulaly Island, Fort-Shevchenko —July,
Aktau — August). The lowest water temperature
in winter was observed on the Kulaly Island
(0.7 °C), and the highest on Aktau (3.1 °C).
In the summer, the maximum temperature
at the Kulaly Island station was 26.4 °C.

Sea Surface Temperature datasets

Values of water temperature observed at
coastal stations do not give a complete picture
of their changes in the open water area; in this
work, we assessed the possibility of using remote
sensing data when studying water temperature.
The three different SST datasets

assessed in this study, like:
- Atlas of the World Ocean based on
observed data. This is an archive of temperature,
salinity, and hydrochemical indicators of water
based on a database created from observations
of coastal stations, ships, and floats. This paper
analyzes data from the World Ocean Atlas from
1955 to 2017 (Boyer et. al, 2018; O’Carroll
et. al, 2018; World Ocean Altas, 2022).

- Satellites. Surface water temperature
data were analyzed from various satellite
data provided by the NASA Ocean Biology
Processing Group. The data are presented from
2002 to the present and are freely available.

- Reanalysis is dynamically smoothed
and consistent data of a certain set of archival
observations using a hydrodynamic model
with a certain configuration. The Climate Data
Warehouse (CDS) provides climate information
on a global, continental, and regional scale.

WwEre

It contains various data such as satellite
observations, field measurements, climate model
projections,andseasonal forecasts(ERAS5,2022).
The article focuses on the 1979...2021 ERAS
reanalysis data with the 0.25-degree resolution
for the Caspian Sea (Anisimov et. al, 2015).
The evaluation of the data was carried out
according to the criteria of effectiveness, as:
- determination coefficient:
R2 = EEi D=9 (1)
Z(x;—%)2Z(y;—¥)?

where, X — observed sea levels, y — sea levels
according to remote sensing data.
- correlation coefficient:

IAx * Ay (2)

ZAX? « TAy?

where, x are the observed sea level values, m, y -
the sea level values according to remote sensing
data, m, Ax and Ay are the detachments of the
measuredvaluesfromtheaveragesealevelvalue,m
- standard deviation:

o = /E(xi—f)z ()
n

where, xi is the given value of the
variable, x is the average value or norm,
n is the number of values of the variable.

As a result of the analysis SST in
the marine stations and reanalysis values for
the observed years were similar, with high
correlation coefficients (Peshnoi - 0.97, Kulaly
Island - 0.95, Fort-Shevchenko - 0.96, Aktau
- 0.91). The dynamic of SST was relatively
synchronous in the observed and reanalysis
data. The maximum difference was 2.7 °C.

T =
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The results of comparing the two data show can be used to analyze the change in the water

that, if necessary, the ERAS reanalysis data
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Fig. 1. 1979...2021 plots of the relationship between observed data and ERAS reanalysis data.

Values of the coefficient of determination
were from 0.82 (Aktau) to 0.94 (Peshnoi). The
standard deviation was 2.9 °C for Peshnoi, 3.2 °C
for Kulaly Island, 2.9 °C for Fort-Shevchenko,
and 3.8 °C for Aktau.

These quality criteria characterize the
reliability of the results, and ERAS realism data
are effective and can be used for analysis, and
research.

RESEARCH RESULTS AND
DISCUSSION
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For the Caspian Sea, an analysis of
changes in water temperature was carried
out according to satellite and reanalysis data.

Data from 1995 to 2017 on maps
compiled according to the World Ocean Atlas
showed that the average ten-day statistical
value of water temperature on the surface of
the Caspian Sea was 18...24 °C (Figure 2).
The water temperature on the surface of the
Caspian Sea in winter ranged from 4...12
°C, in spring 10...22 °C, in July-September
18...25 °C, in October-December 5...16 °C.
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Fig. 2. Map of 1955...2017 average daily statistical value of water temperature.
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In addition, in the work under
consideration, studies were carried out on
satellite data (MODIS-Aqua, MODIS-Terra,
VIIRS-SNPP), provided by the NASA Ocean
Biology Processing Group database from 2002

to the present (NASA, 2022). With the help of

these satellites, it is possible to track seasonal

summer

changes in water temperature in the Caspian Sea

Analysis of images from the MODIS-
Aquasatellitein2002-2021 showed that the water
temperature in summer ranges from 24°C to 30°C,
in autumn from 12 to 18°C, in winter from 0°C
to 10°C, in spring from 16°C to 22°C (Figure 3).
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Fig. 3. Seasonal changes of the SST on the surface of the Caspian Sea in 2002...2021.
According to the MODIS-Aqua satellite

According to the MODIS-Terra
satellite, the water temperature in the Caspian
Sea ranged from 23 to 27 °C in summer, from
15 to 22 °C in autumn, from 0 °C to 9 °C
in winter, and from 14 °C to 25 °C in spring.

VIIRS-SNPP  satellite shows that
in  2002...2021 in summer, the water
temperature ranged from 23-29°C, in

autumn - from 9°C to 20°C, in winter - from
1°C to 11°C, in spring - from 15 to 25°C.

During the period under review
(1979...2021), the average long-term SST

from ERAS5 data was 11,3 °C in the Peshnoi,
13,7 °C in Kulaly Island, 13,9 °C in Fort-
Shevchenko, and 14,1 °C in Aktau. According
to the reanalysis data, the maximum SST
values were in summer (Peshnoi, Kulaly
Island — 25,1 °C, Fort-Shevchenko — 24,6 °C,
Aktau — 22,3 °C), and the minimum in winter
(Peshnoi -minus 0,5 °C, Kulaly Island — 5 °C,
Fort-Shevchenko — 5,8 °C, Aktau — 7,8 °C).

In the intra-annual distribution, the
analysis of reanalysis data showed identical
resultstotheobserveddata,soSSTwithintheyear,
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the average monthly minimum values are
observed in January, and the maximum values
are observed in the summer period (Peshnoi (26,4
°C), Kulaly Island (26,4 °C), Fort-Shevchenko
(26,0 °C) — July, Aktau (23,5 °C) — August).

showed a tendency to increase its value
(Figure 4). The maximum of the average
annual values of SST was in Peshnoi 12,8 °C
(2010), in Kulaly Island and Fort Shevchenko
14,8 °C (2010) and 15,6 °C in Aktau (2007).

The dynamics of changes in SST
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Fig.4. Graphs of the dynamics of the SST from ERAS data.

CONCLUSION

An analysis of changes in water
temperature during the year according to
the data of the state control network (sea
stations and stations: Peshnoi, Kulaly Island,
Fort-Shevchenko, = Aktau) showed  that
the water temperature in the northeastern
part of the Kazakh part of the Caspian
Sea is lower than in the middle part.

Various databases are used in the
study of water temperature, for example,
archives, maps, Atlases, and space images.

Using the Atlas of the World Ocean,
an analysis of the average ten-day statistical
values of sea surface water temperature for the
period from 1995 to 2017 was carried out. Over
the years, the surface water temperature of the
Caspian Sea has been in the range of 18...24 °C.

In general, the results of the data
applicability = assessment  showed  good
coefficient values, as well as observation and
reanalysis data, which are in good agreement
with each other. The dynamic course of water
temperature was relatively synchronous in

the observed years and reanalysis data.

The maximum difference showed 2,7 °C.
The results of the study are consistent with a
number of works on the temperature regime
of the Caspian Sea (Ivkina et al.,, 2018;
Electronic Atlas of the Caspian Sea, 2015).
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O BO3SMOKHOCTHU IPUMEHEHUSA JTAHHBIX PEAHAJIN3A JIJIS1 OHEHKHW TEM-
MEPATYPBI BOJAbI KACITUMCKOI'O MOPSI
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Temneparypa Boabl

SABJIACTCA OI[HOﬁ N3 BAXHBIX THAPOMCTCOPOIIOTHYCCKUX Xa-

PAKTCPUCTHUK KPYIHBIX BOAOCMOB M3-3a €€ BJIIMAHHA Ha OMOJIOrHYECKHE M XH-

MHYECKHE TIPOLIECCHI.
Type BOZBI

B »a10oli pabore ObUIM paccMOTpPEHbl JaHHbBIE O TeMIlepa-
Cc mpuOpEeXHBIX HAOMIOAATENbHBIX IyHKTOB Kaszaxcrana wu JaHHBIC

JAUCTAHOUOHHOI'O 30HAWPOBAHUA 3eMJII/I, TAKHWC KaK CIIYTHUKOBBIC CHUMKHW W pCaHalIn3.
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B MHoTONETHEM pa3pe3e B Ka3axcTaHCKOM cekTope Kacmmiickoro Mopst TemmnepaTrypa BOJIbI
konebanack ot 10,8 °C (Ilemnoit) o 12,7 © C (Kymansl octpoB). beina onenena s dek-
TUBHOCTh WCIIOJb30BAaHMS JAHHBIX PEaHaN3a C HMCIIOJIb30BAHUEM CTAaTHCTUYCCKUX KpH-
TEpUEeB. DTH KPUTEPUM KadeCTBA XapaKTEPHU3YIOT HAJCKHOCTb PE3YJbTAaTOB, a JIaHHBIC
ERAS st dexktuBHBI 1 MOTYT OBITh HCITOJIL30BaHbI JJIs1 aHAJIM3A U UCCIIe0BaHui. Bee pac-
cMarpuBaeMble 0a3bl JaHHBIX MOKA3aJid, YTO CPEAHEMECSYHbIC MUHHMAJIbHBIC 3HAYCHHUS
TEMIIepaTypbl BOJABI HAONIOMAIOTCS B SHBape, a MAaKCUMAaJIbHbIC 3HAYCHHUs HaOITFOIArOTCS
B JICTHWI Tiepuol. M3MeHeHne TeMIieparypbl BOABI UMEET MOJOKHUTEIbHYIO TCHICHIIHIO.

KaroueBnie ciioBa: Kacnmiickoe MOpE, TeMIICparypa BOJAbIL, p€aHalIn3, AMHAMUKA.

KACIIMI TEHI3I CYBIHBIH, TEMITEPATYPACBIH BAFAJIAY YIIITH PEAHAJIN3
JEPEKTEPIH KOJIIAHY MYMKIHIII'T TYPAJIbI
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CynbIH TemMIeparypachl OMOJIOTHSUIBIK JKOHE XUMUSUIBIK IPOLIECTEPre dcep eTyiHe OalIaHbICThI ipi
cy 0ObeKTUIepiHIH MaHbBI3Ibl THIPOMETEOPOIOTHSUIBIK CUIIaTTaMaIapbIHbIH Oipi OOJIBIT TaObLIadbI.
byt symbicta KazakcTaHHBIH KaFaiayarbl OaKbliay TyHKTTEPIHEH CyIbIH TEMIIEPATyPAChl TyPaIbl
JICPEKTEP JKOHE CITyTHUKTIK CYypeTTep MECH peaHayn3 CUSKThI JKep/ii KalbIKTHIKTaH 30HITay JePeK-
tepi Kapanabl. Kemkbuiablk Oesinicte Kacnuii TeHi31HIH Ka3aKCTaHIBIK CEKTOPBIH/A CYJIbIH TEM-
neparypacsl 10,8 °C-tan (Ilemnoit) 12,7 © C-xa (Kyansl apan) aeitin aybITKuIbl. CTaTUCTUKABIK
KpUTEpUIepAl KoJJaHa OTHIPHIN, PeaHalu3 JepeKTepiH Mmaiganany TUIMILTr Oarananisl. by
cara KpUTepuiiIepl HOTHKEIEP/IiH CCHIMIUTITIH cunarTaiibl )koHe ERA 5 nepekrepi THiMIl xKoHE
TaJlay MCH 3epTTey YIIiH NaiIamaHbuTybl MyMKiH. KapacThIpbUIbIN OTBIpFaH OapiiblK MOIIMETTEP
0a3achl cy TeMIIepaTypachlHbIH OpTAllla aiJIbIK MAHUMAJIIBI MOHJIEPI KaHTap/a, ajl MaKCUMAJIIbI
MOHJIEp a3 Me3ruTiHAe OalkanaTelHbIH KopceTTi. Cy TeMreparypachliHbIH ©3repyi OH YpIicKe ue.

Tyiiin ce3aep: Kacnuii TeHi3i, cy TeMneparypacsl, peaHanus, JMHaAMHKa.

51



