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Abstract

Translation of the original publication Kesheva L.A. Analysis of temperature conditions in the plain area of the southern
european territory of Russia over the last 65 years / L.A. Kesheva, A.A. Tashilova, N.V. Teunova // International Research
Journal. — 2026. — Nel (163). — DOI: 10.60797/IRJ.2026.163.4. — EDN: SVPKKD.

This paper analyzes the temperature regime in the flat zone of southern European Russia for the period 1961-2024,
divided into two sub-periods: 1961-2000 and 2001-2024. Analysis of the annual and seasonal regimes of air temperature for
weather stations: Izobilny, Mozdok, Prokhladnaya, Derbent, Izberg, Kizlyar, and Makhachkala for the specified periods
showed that in the period 2001-2024, the average annual temperature was 1.3°C higher than in the period 1961-2000. Average
annual and seasonal growth rates of temperature showed a positive trend in all periods, with the exception of the average
autumn temperature for the period 1961-2000. Analysis of anomalies in average annual temperatures showed that since 2012
exclusively positive anomalies in average annual temperatures were observed. In order to detail the climate changes occurring
in the study area, two subzones were identified: the steppe (Izobilny, Mozdok, Prokhladnaya weather stations) and the Caspian
(Derbent, Izberg, Kizlyar, Makhachkala weather stations). The average annual temperature in the Caspian zone exceeded that
in the steppe zone by 1.8°C. Winter and autumn seasons were particularly notable, with temperatures in the Caspian zone
exceeding ~3.0°C. A comparative analysis of temperature changes at the end of the 20th century and the beginning of the 21st
century showed that during the period 1961-2000, against the backdrop of warming, statistically insignificant negative trends
were observed during the cold seasons. During the period 2001-2024, all trends were positive and statistically significant in
both the steppe and Caspian zones.
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AHHOTanus

[MepeBos, opurvHambHOM TyOnukarmu TammaoBa A.A. AHanu3 TeMIepaTypHOTO peXrMa B DPaBHMHHON 30He ora
eBporelickoii Tepputopun Poccuu 3a nocnennue 65 yiet / TaummioBa A.A., TeyHosa H.B., KeweBa JI.A.// MexnyHapoaHbIi
HayuHO-UCC/IefoBaTe/ibCKuit )kypHai. — DOI: 10.60797/IRJ.2026.163.4. — EDN: SVPKKD.

B nmanHHOl paboTe TpoBe/ieH aHa/IM3 TEMIEPATYPHOTO PeXXMMa B PABHUHHOMW 30He fora eBporneickol tepputopuu Poccuu
3a nepuog 1961-2024 rr., c BeigeneHrdeM 2-x noanepuogos: 1961-2000 rr. u 2001-2024 rr. AHanu3 roJOBOrO U CE30HHOTO
pacmpe/ie/ieHusi TeMIlepaTtypbl BO3flyXa MeTeocTaHiuii: M306unbHb, Mo3znok, IlpoxmaaHas, depbent, W36epr, Kusmsp,
Maxaukasia B yKa3aHHbIe ITepyuo/bl okasas, uyto B nepuof 2001-2024 rr. cpegHerogoBas TeMrieparypa Ha 1,3°C Bbllle, yem B
nepuog 1961-2000 rr. CpesHerofoBble ¥ Ce30HHbIE CKOPOCTHA POCTa TeMIlepaTyp BO BCe MepHUOAbl UMeIU TOJIOKUATETbHYIO
TeH/IeHLMI0, 3a UCK/IIOUeHHeM cpefHeoceHHel Temrieparypbl B mepuof 1961-2000 rr. AHaau3 aHOMajMM CpefHerofoBbIX
TeMIiepaTyp ToKasaa, 4to HauvHasi ¢ 2012 r. HabmofanvMch MCKIFOUUTENTBHO TIONOXKUTENTbHbIE aHOMATUU CPeQHETrof0BbIX
Temreparyp. s fetanu3aiuu KIMMaTHUeCKUX W3MEHEeHWH, MPOUCXO/SIIMX Ha UCC/IelyeMON TePPUTOPUH, ObUIO BbIJIE/IEHO
[iBe TIOA30HBL: crerHast (M/ctaHiuu W300umbHbIH, Mo3gok, IlpoxiagHas) u npukacnviickasi (M/craHuun [ep6ent, W36epr,
Kusnsp, Maxaukana). CpejHeroZioBasi TeMreparypa B TIPHKaCIMCKOM 30He TpeBbIlIana 3TOT M0Ka3are/ib B CTeITHOW 30He Ha
1,8°C. OcobeHHO BBLIJES/IMCh 3UMHHM W OCEHHHWH Ce30HBbI, KOTJA TIPEeBBIIIEHWEe TeMIlepaTypbl B TMPUKACIHMHACKON 30He
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cocrauio ~ 3,0°C. CpaBHUTe/BHBIN aHa/IN3 W3MeHeHUs TeMriepatypel B KoHIle XX B. U B Hauare XXI B. rokasas, 4to B
neprog, 1961-2000 rr. Ha (poHe HauaBIIIerocs MOTeIVIEHNSI B XOJIOAHBIE CE30HbI MMeIM MeCTO CTaTUCTHUYeCKW He3HaulMble
oTpuLaTe/ibHble TpeHbl. B nmepuog 2001-2024 rr., BCe TpeH/bl TOJ0OXKUTe/IbHbIE U CTaTUCTUUECKU 3HAauMMble Kak B CTEIHOM,
TaK U B IPUKACIUHACKON 30HaXx.

KimoueBble c/I0oBa: TeMIriepaTrypa, I0I eBpOIeiicKoil TeppuTopun Poccuy, paBHMHHAas 30Ha, CTelHas, MpUKaCIuiicKas,
JIMHENHBIN TPeH]], aHOMaJIWH.

Introduction

Now the problem of climate change has become serious and pressing areas of scientific and technological activity. It has
been observed in various regions of the world, and the consequences that manifest themselves at the global and especially at
the regional levels [1], [2]. Among the climate-dependent regions is the southern European territory of Russia (ETR), which is
an important agricultural region (flat and foothill zones). Russia is significantly more sensitive to climate impacts than the
globe as a whole. The Report on the Climate Features of the Territory of the Russian Federation for 2025 [3] notes that the
increase in average annual temperature since the mid-1970s is two and a half times higher than the global average and amounts
to +0.5°C/10 years, while large-scale heat waves can lead to a high risk of drought in the main grain-producing regions,
permafrost degradation, accelerated melting of glaciers with an increased risk of floods and avalanches in mountainous areas
[4]. The authors analyzed the changes in the hydrothermal coefficient of soil moisture (Selyaninov) over the past 60 years for
various climatic zones of southern Russia, which showed a decrease in soil moisture availability and the possibility of its
aridization in the last decades [5], [6]. Obviously, the consequences of such a change in soil moisture availability will be
extremely negative for agricultural production in the agricultural regions of the southern European territory of Russia.

A large number of studies [7], [8], [9], [11] was devoted to the study of climate change in different regions of Russia and
during different seasons of the year. These studies demonstrate that warming is observed throughout Russia. Temperature
changes are most pronounced in areas extending from the western to the eastern borders, also from the northern to the southern
borders.

Research methods and principles

The quality of meteorological parameter data (homogeneity and representativeness) is very important. Time series are
considered homogeneous if the variations represented by these series are the result solely of changes in weather and climate. In
this paper, hydrometeorological observation data from weather stations of the Roshydromet state observation network,
provided by the North Caucasus Hydrometeorological Service, were used. The temperature series data are homogeneous,
representative, and contain no gaps. Throughout the period 1961-2024 the station locations remained constant, with no
changes in the station environment (no urbanization of the weather station locations).

The object of this study is temperature changes in the flat zone of the southern ETR from 1961 to 2024. The plain zone
(elevation less than 200 m above sea level, m a.s.l.) occupies most of the southern ETR and extends from the Black Sea to the
Caspian Sea. The study was conducted using data from seven weather stations: Izobilny (194 m above sea level), Mozdok (126
m a.s.l.), Prokhladnaya (198 m a.s.l.), Derbent (30 m a.s.l.), Izberg (21 m a.s.l.), Kizlyar (-17 m a.s.l.), and Makhachkala (173
m a.s.l.).

The study was conducted for seasonal and annual average surface air temperatures from 1961 to 2024 and subperiods
(1961-2000 and 2001-2024). The time series were analyzed using statistical methods [12], and supplemented with linear
trends characterizing the tendency of the variable under consideration over the periods.

Anomalies were calculated as the deviation of current values from the climate norm (average for 1991-2020).

Minimum and maximum temperatures were selected from the averaged values of seasonal and annual series from all
weather stations for the periods: 1961-2024, 1961-2000, 2001-2024.

The linear trend coefficients were estimated according to standard linear regression theory (using the least squares method)
[13] and expressed in degrees per decade, °C/10 years. Its significance is described by the magnitude of its contribution to the
total variance (D, %):

D= (1-( Srem / Srows)) *100%

s%em— the variance of the residuals; s%,.s~— the variance of the original series.

To construct a temperature distribution map for the study area, the Surfer6.0 program [14] was used to visualize
meteorological data from GRD files. Kriging interpolation and the nearest neighbor’s method were used.

Main results

Table 1 shows that from 1961 to 2024, the average annual air temperature in the flat zone averaged 11.9°C, with the
minimum of the average temperature series (9.8°C) occurring in 1993 and the maximum (13.8°C) occurring in 2024. In the
period 2001-2024 the temperature increased to 12.7°C compared to 11.4°C (1961-2000), with the maximum average annual
temperature increasing from 13.1°C to 13.8°C and the minimum average annual temperature increasing from 9.8°C to 11.5°C.

The maximum and minimum values were selected from the average values of the lowland zone series for studying the
dynamics of temperature change. All maximum values of seasonal average temperatures occurred in the modern period from
2010, and all minimum values occurred from 1969 to 1993, which once again confirms the fact of a steady increase in the
average surface temperature in the region.
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Table 1 - Characteristics of the average annual temperatures in the flat zone of the southern ETR
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Period, years 1961-2024 1961-2000 2001-2024
winter 0.8/1.7 0.3/1.6 1.5/1.5
Average spring 10.7/1.0 10.3/0.9 11.4/0.9
S;ggif:riiagsi’at% ’ summer 23.4/1.1 22.9/0.8 24.4/0.9
oC autumn 12.8/1.2 12.3/1.1 13.6/1.1
years 11.9/1.0 11.4/0.8 12.7/0.6
winter 3.8 (2022) 3.7 (1981) 3.8 (2022)
Maximum of spring 12.7 (2024) 11.7 (1962) 12.7 (2024)
average summer 25.9 (2010) 24.9 (1998) 25.9 (2010)
temperatures °C autumn 15.5 (2012) 14.0 (1968) 15.5 (2012)
years 13.8 (2024) 13.1 (1966) 13.8 (2024)
winter -3.9 (1972) -3.9 (1972) -2.0 (2003)
Minimum of spring 8.5 (1969) 8.5 (1969) 9.5 (2003)
average summer 21.3 (1978) 21.3 (1978) 22.5(2003)
temperatures °C autumn 8.6 (1993) 8.6 (1993) 10.8 (2011)
years 9.8 (1993) 9.8 (1993) 11.5 (2011)
winter 0.3/14.0 0.19/1.0 0.7/11.0
spring 0.3/25.0 0.05/0.32 0.5/21.3
Trend slope, b°C/10 summer 0.4/47.0 0.17/5.2 0.8/45.9
years / D (%)
autumn 0.25/15.1 0.1/1.2 0.24/2.6
years 0.32/38.5 0.04/0.26 0.59/49.6

The largest increase occurred in the average summer temperature, which rose by 1.5°C, from 22.9°C (1961-2000) to
24.4°C (2001-2024). The maximum average summer temperature increased by 1.0°C, and the minimum average winter
temperature increased by 1.9°C, from -3.9°C to -2.0°C, confirming climate warming in the region.

Climate change was also assessed using correlation analysis. The slope of the linear trend, b, was used to characterize the
rate of change in average annual and average seasonal temperatures, as well as their increase or decrease. In all periods and
seasons under consideration, the rate of temperature increase had a positive trend, with the exception of the average autumn
temperature in the period 1961-2000. During this period the rate of increase in average annual temperature was b;=0.04°C/10
years with an insignificant coefficient of determination (D=0.26%). At the beginning of the 21st century, the rate increased
significantly to b,=0.59°C/10 years, with D=49.6% (Table 1, Fig. 1). Thus, since the beginning of the 21st century, the region
warming clearly demonstrates a significant increase in the linear trend coefficient over the period 2000-2024.

Table 1 shows that the highest growth rate is observed for average winter and summer temperatures, as illustrated in Figure
1.
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Figure 1 - The course of average annual and seasonal temperatures with trends:

a - winter; b - summer; c - year
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Another common approach to analyzing modern climate change trends is calculating average annual temperature

anomalies relative to standardized values

. Average annual air temperature anomalies in the lowland zone of southern ETR were

calculated as deviations from average values for 1991-2020.

Figure 2 shows average annual surface air temperature anomalies for the period 1961-2024 with an 11-year moving
average. Variations are visible, with predominantly negative temperature deviations for 1961-2000 and predominantly positive
ones for 2001-2024. Since the late 1990s, a steady increase in air temperature has been observed, as can be seen in Figure 2
(11-year moving average of temperatures). Since 2012, there have been exclusively positive anomalies in average annual
temperatures, with the maximum positive anomaly observed in 2024 and amounting to +1.6°C. The largest negative anomaly
occurred in 1993 and amounted to -2.4°C relative to the 1991-2020 climate norm.

2,0

b
-
=

=
-
=

deviation from the average value for
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Figure 2 - Change in anomalies of average annual surface air temperature in the flat zone of southern ETR
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Note: deviations from the 1991-2020 average; the bold line shows the smoothed temperature trend (11-year moving average)

The climatic features of the flat zone of southern ETR are determined by a number of factors, including the orographic
heterogeneity of the territory [15]. Using data from [16], a distribution map of average annual temperatures in all climatic
zones of ETR (Fig. 3) was constructed using Surfer 6.0 [14], a program for visualizing data from GRD files.
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To detail the climate changes occurring in the study area, two subzones were identified: Caspian zone and steppe zone. The
steppe zone includes the Izobilny, Mozdok, Prokhladnaya weather stations. The Derbent, Izberg, Kizlyar, and Makhachkala
stations belong to the Caspian zone.

Figure 4 presents the average annual and seasonal temperatures in the identified zones for 1961-2024. The figure shows
that average temperatures in all seasons are higher in the Caspian zone. The difference in average annual temperatures is 1.8°C,
and 1.1°C in the summer, particularly in the winter and autumn seasons, when the difference between temperatures is more
than 3.0°C. This situation is a consequence of the fact that in the arid region of the Caspian lowland, to which this area
belongs, when the ground layers of air are heated, very little energy is spent on evaporation, that is, all the long-wave radiation
from the heated surface is used to warm the ground layer of air.
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Figure 4 - Average annual and seasonal temperatures in the steppe and Caspian zones of the southern ETR for 1961-2024
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Additionally, linear trend calculations were performed for average annual and seasonal temperature changes in the zones
under consideration for 1961-2024, as well as for the two subperiods 1961-2000 and 2001-2024 (Table 2).
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Table 2 - Characteristics of the linear trend in the steppe and Caspian zones
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. Steppe zone Caspian zone
Period Season
b (°C/10 years) D (%) b (°C/10 years) D (%)
winter 0.4 18.4 0.3 9.3
spring 0.3 19.7 0.3 27.4
1961-2024 summer 0.5 45.4 0.4 43.5
autumn 0.3 15.0 0.2 14.7
years 0.4 42.5 0.3 33.1
winter 0.3 2.8 -0.03 0.04
spring 0.1 0.5 0.03 0.2
1961-2000 summer 0.2 4.6 0.15 4.5
autumn -0.1 1.5 -0.1 1.9
years 0.01 1.8 -0.01 0.03
winter 0.7 10.0 0.7 12.2
spring 0.5 16.1 0.6 24.5
2001-2024 summer 0.8 40.1 0.8 46.3
autumn 0.3 4.2 0.2 1.44
years 0.6 45.2 0.6 51.9

At the beginning of the 21st century, a more intense increase in surface air temperature is observed than for 1961-2000 in
the steppe and Caspian zones. For average seasonal temperatures for 2001-2024 in both zones, a general pattern was observed:
the highest growth rate has been observed in the summer season in both zones and amounts to 0.8°C/10 years in the period
2001-2024 with D=40.1% in the steppe zone and 46.3% in the Caspian zone, followed by the winter season with an increase
rate of 0.7°C/10 years with D=10.0% to D=12.2%.

Conclusion

A study analyzing temperature changes in the flat zone of southern ETR showed that the average annual temperature has
increased by 1.3°C between 2001 and 2024 compared to the period 1961-2000. The largest increase occurred in the summer
temperature. In all periods the annual and seasonal temperature increase rates showed a positive trend, with the exception of
the autumn temperature between 1961 and 2000. Since the 21st century, the annual temperature increase rate increased
statistically significantly, reaching 0.59°C/10 years, with D=49.6%. Analysis of annual temperature anomalies revealed that,
since 2012, only positive annual temperature anomalies were fixed, with the maximum positive anomaly observed in 2024.

Analysis of temperature changes in the Caspian and steppe zones revealed that average temperatures in all seasons are
higher than in the steppe zone. Comparing the trends between the two time periods reveals that, while negative trends were
observed in the period 1961-2000, and all trends were statistically insignificant, all trends in the period 2001-2024 were
positive and significant, in both zones.

Such changes in average annual and seasonal air temperatures indicate increasing warming in the flat zone of southern
ETR.
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