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SESSION 2

IMMUPUKO-CTaTUCTMYECKAA MOesTb KITMMaTUYECKUX
n3MeHeHn B [pnBOMIKCKOM pefepanbHOM OKpyre

MepesepneHues 10.1., LLiaHTanuHcKui K.M., Hukonaes A.A., Ayxapees T.P.

Ka3zaHckwii (MpuBonckuit) depepanbHblii yHuBepcutet, Poccua
E-mail: ypereved@kpfu.ru

Haoronennit (3 ponma BHUUTMU-MILJ]) va 183 crannumsx, a taxxe peananussl NCEP/NCAR,

ERA-Interim. Bria BeImosHeHa paboTa 1o cpaBHEHUIO JaHHBIX peanann3a ERA-Interim mo remnepa-
Type Bo3yxa ¢ AaHHbIMH MeTeoceTH. KoadhuimeHTs Koppessiiun r oka3ainch oueHb BhIcOKuMH (1>0,9), uto
MO3BOJISIET MCIIONB30BATh JAaHHbBIE peaHaIn3a B KIMMaTHYECKUX UccienoBanusax. ComocTapIeHNEe peaHaIn30B
ERA-Interim 1 NCEP/NCAR 3a 1979-2017 rr. (paccunuThiBaiuch KO3(GGHUIMEHTH KOPPEIAIUU H Pa3HOCTH
CpeIHEMECSYHBIX TeMIepaTyp) TakXKe MPUBENI0 K XOPOIINM pe3ynbTataM. 1103ToMy ¢ HCIonp30BaHNEeM JaH-
Heix NCEP/NCAR 3a 1979-2016 IT. ¢ mpocTpaHCTBEHHBIM pa3penicareM 1,8 X 1,8° ObLIH MOCTPOCHBI pacipe-
JICJICHUSI CPEIHEN TeMIepaTypsl BO3ayxa 1 KodpQpuIneHTOB HakI0Ha tnHeitHoro Tpenaa (KHJIT) na teppuro-
puu [1IOO m1st IEeHTpaTBHBIX MECAIIEB CE30HOB JIJIsl CTaHIAPTHRIX ypoBHe# 1000, 925, 700, 500, 300, 100, 50,
10 rITa. Ot™eTum, uto Ha ypoBHe 1000 rlla B suBape 3Hauenuss KHJIT B [1®O 6summ otpuniarensasvu (-0,1 +
-0,2 °C/10 ner), a B utone nonoxkurensabivu 0,15 0,65 °C/10 net. B nenom B Tponocdepe mo yposhs 300 rlla
Ha Bcelt Tepputopun [1DO 3navenust KHIIT GombIiie Hymsl, 9TO CBHIETENBCTBYET O TIOTEIUICHNUH, @ HAYMHASI C
yposHs 200 rlla, KHJIT oTpunaTensHbl 1 3Ta TEHACHIINS COXPAHAETCs U B HIDKHEH cTtpatocdepe (mo 10 rlla).
Tak, B stuBape Ha ypoHe 10 rIla KHJIT mensitores B npenenax -0,15 -0,75 °C/10 ner.

Bruto mpoBenieHo uccae[oBaHue Mo OLIEHKE KauecTBa MOJICIMPOBAHHS PEeaIbHBIX H3MEHEHUS TeMIIepary-
psl B okpyre ¢ 1861 mo 2005 rr. ¢ moMonpio 7 0OTOOpAaHHBIX KIMMAaTHUYECKUX Mojeneit u3 mpoekra CMIPS
(Bcero paccMatpuBanoch 39 mozeneit). AHaIU3 pe3ynbTaToOB MOKa3aj, YTO B TEIJIOE BPeMs TOla MOJIENN JTyd-
II1e BOCTIPOM3BOJIAT X0/ TEMIIEPATypPhI, Y€M B XOJIOTHBIH. BEISBICHBI CTaTHCTHYECKHE TIOTPEITHOCTH B PE3YIIb-
TaTe TECTHPOBAHUSA aHCAMOJI KimMaTndeckux moneneit. C ucnons3zoanuem 7 moxeneir CMIPS (BNU-ESM,
CMCC-CM, MPI-ESM-LR, MPI-ESM-MR, GISS-E2-H, EC-EARTH, FIO-ESM) nory4eHbI 10CTaTOuHO pe-
aTMCTHUYECKHE TPEH Bl TeMITepaTyphbl Bo3ayxa ais 4-x nepuonos 1896-2005 rr. u onerens 3Hauenns KHIIT
(°C/10 neT) mytst KaXkI0r0 Mecsiia rofa npu pasnndabix crueHapusx RCP 2,6; RCP 4,5 u RCP 8,5. Tlpencrasiex
pacyeT pacrpe/esieHus CpeTHEMECSYHBIX 3HAYCHNH TeMIIepaTypbl BO3yXa B ssHBape U uione B mepuox 2005-
2098 rT. mpu pa3NTUYHBIX CIIeHapHsIX. B sHBape 1o «okecTkoMy» cueHapuio RCP 8,5 cpennemecsiunast Temmepa-
Typa MOXeT MoBeIcuThCs Ha 8°C, a B mtosie Ha 6°C.

PaccunThIBanuCch cpeiHue 3HAYCHUS Ha KaXKIOM YPOBHE IO CE30HaM U B IIEJIOM 3a TOf, CpEeIHHNE KBapa-
tngeckue otkiaoHeHus (CKO), nuHelHbIe TpeHabl, KO3 GHUITMEHTH KOPPEAIINH MEXIY YPOBHIMH U TI0 TOPH-
30HTAJIM CO 3HAYCHUSMHU TEMIIEpaTypbl YMEPEHHONW 30HBI M MEPBOTO €CTECTBEHHO-CHHONTHYECKOTO paioHa.
Jlana orieHKa cBsi3el MeXy U3MEHEHUSIMH TeMIIepaTypsl BO3AyXa M HHJEKCAaMH APKTHYECKON OCHMIIISAINN
(AO), ¢ menpio BBIIETICHUS KoNebaHui ¢ mepuogom Oomee 10 et BpeMeHHBIE Psiibl Ha PA3THYHBIX YPOBHAX
MO/IBEPTraliiCh HU3KOYACTOTHOU (uibTpanuu ¢puisTpoM [ToTTepa, BEIYUCISUTUCH KOAQ(UIIMEHTDI IeTepMIHa-
MW JIMHEHHOTO TPeH Ia U HU3Ko9acTOTHON kommoHeHTh (HUK).

l l PH M3Y4EeHUH KIMMATHYECKHX TpoiieccoB Ha Tepputopun [1OO HamMu HCTONB3YIOTCS TaHHBIE METEO-
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are presented in [2]. In recent decades, due to the active phase of global warming, interest in regional
climate change has increased. This circumstance is promoted by development of modern information
and computing technologies, free access to reanalysis, results of ensemble calculations in the CMIPS program,
etc. [3-6].
The present report focuses on the analysis of the distribution of air temperature characteristics to the level
of 0.1 hPa (64 km) that is done for the territory of the Volga region for the first time.
As source material, ERA-Interim reanalysis data on the air temperature of the Northern Hemisphere for
the period 1979-2016 were used. In the territory of the Volga Federal District (VFD) average monthly air tem-
peratures at 26 levels in 24 knots of the geographical grid with a step of 2.5 © reanalysis were used, that made it

The study of the climate of the Middle Volga region has a long 200-year history, the main stages of which
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possible to receive temporary ranks as a result of averaging. In order to isolate the oscillations with a period of
more than 10 years, time series at various levels were subjected to low-frequency filtering by Potter's filter, the
coefficients of determination of the linear trend and the low-frequency component (LFC) were calculated.
Some of the materials are presented in the report.

Table 1 presents vertical distribution of long-term means for air temperature Av (°C), SD and linear trend
slope A°C / year on 26 isobaric surfaces. The averaged data for Volga Federal District for both winter (XII-II)
and summer (VI-VIII) periods show a decrease of temperature Av with altitude in the troposphere and the lower
stratosphere (50-30 hPa), an increase in the middle and upper stratosphere and its decrease in the mesosphere.
There is a significant annual temperature variation. In winter, it takes negative values throughout the thickness
of the atmosphere, in the summer period is above the level of 700 hPa. In winter SD takes the greatest value at
the earth's surface (2.26 °C), then the values of the interannual variability characteristic decrease and again in-
crease from the level of 30 hPa, reaching 6.41 °C at the level of 3 hPa. In the summer period, the SD in terms of
magnitude is significantly inferior to winter ones at all levels.

The process of changing the air temperature with time takes place non-uniformly along the vertical. In the
troposphere, in winter and summer, the values of the CILT are positive, which indicates the tendency of its
warming, which occurs in 1979-2016 more intensively in summer than in winter. In the stratosphere, cooling
(A <0) is particularly noticeable in the layer 150-20 hPa, in the 1-0.29 hPa layer warming occurs again, at the
highest level (0.1 hPa) a decrease in temperature.

Fig. 1 shows the long-term course of average temperatures in the territory of the Volga Federal District,
which reflects the nature of temperature changes at selected levels over the past 38 years. As can be clearly
seen, trends based on seasonal values indicate a warming in the troposphere, a cooling in the lower and middle
stratosphere, an increase in temperature in the upper stratosphere and its fall in the lower mesosphere. The low-
frequency component isolates levels of 5, 1 and 0.5 hPa in the upper stratosphere, where the most intense tem-
perature fluctuations occur.

Table 1. Characteristics of low-frequency variability of mean air temperature.

Winter Summer

hl]))’a lfln’n Av Rms A°C/ | RL R’F Av Rms A°C/ R’L R'F
°C °C year % % °C °C year % %

Earth 0.0 -10.84 2.26 0.009 -5 40 17.73 1.28 0.045 11 34
1000 0.1 -9.12 2.12 0.004 -6 37 19.21 1.38 0.054 14 38
925 0.8 -9.42 1.67 0.008 -5 24 14.71 1.38 0.050 11 37
850 1.5 -9.81 1.49 0.016 -4 27 9.57 1.28 0.040 7 37
700 3.0 -15.90 1.32 0.021 2 33 0.06 1.00 0.035 10 41
600 43 -22.47 1.17 0.011 -4 34 -6.78 0.91 0.031 9 40
500 5.7 -31.03 1.01 0.000 -6 31 -15.45 0.95 0.030 7 41
400 7.3 -42.15 0.81 -0.013 -3 30 -27.30 0.96 0.026 4 41
300 9.4 -54.99 0.59 -0.011 -1 52 -42.87 0.82 0.028 9 43
250 10.6 -59.97 1.02 0.003 -5 57 -50.17 0.63 0.021 8 28
200 12.0 -60.85 1.49 0.004 -5 46 -51.50 1.42 -0.020 -3 23
150 13.9 -59.75 1.31 -0.008 -5 38 -50.01 0.92 -0.009 -4 22
100 16.3 -61.73 1.37 -0.018 -3 27 -51.95 0.83 -0.020 2 23
70 18.5 -63.95 1.55 -0.021 -3 21 -52.38 0.77 -0.023 6 36
50 20.5 -65.55 1.75 -0.026 -3 23 -51.40 0.68 -0.029 18 53
30 23.7 -66.29 2.10 -0.018 -5 27 -48.96 0.57 -0.026 21 46
20 26.3 -64.55 2.58 -0.005 -5 32 -45.06 0.45 -0.019 18 42
10 309 -56.57 3.92 0.011 -5 33 -36.48 0.41 -0.027 49 69
7 333 -48.84 4.90 -0.037 -5 35 -31.13 0.37 0.018 23 60
5 35.6 -40.88 5.75 -0.085 -3 36 -25.38 0.72 0.037 28 83
3 393 -31.21 6.41 -0.053 -5 25 -13.11 1.06 -0.074 57 89
2 423 -25.96 6.37 -0.005 -6 21 -5.51 1.24 -0.071 36 86

1 47.5 -18.37 4.34 0.045 -4 30 -1.36 2.02 0.079 14 84
0.8 49.3 -16.30 3.82 0.057 -3 37 -1.97 222 0.104 22 86
0.51 52.7 -14.27 341 0.061 2 46 -7.88 1.97 0.092 22 88
0.29 56.9 -18.17 3.55 0.037 -4 37 -22.53 1.48 0.033 1 79
0.1 64.4 -30.21 3.79 -0.041 -4 29 -51.50 2.01 -0.099 25 66
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SESSION 2

Note: R2L is the corrected coefficient of determination of a linear trend showing the percent of dispersion
of an initial row explained with a trend. R’F is the coefficient of determination of the low-frequency component
(LFC), which shows the percentage of variance of the initial series explained by the LFC.

The extent to which the processes occurring in different layers of the atmosphere are related to each other
can be judged from the behavior of the correlation coefficient calculated between the levels in the air tempera-
ture field. The analysis of the obtained results shows that in the winter and summer in the troposphere in the
1000-400 hPa layer, the bonds are high (r ~ 1.0), then in the 400-250 hPa layer in winter and 300-200 hPa in
summer the ties are sharply weakened, the influence of the tropopause is affected. In the winter stratosphere,
the links are closer, in summer in the upper stratosphere and in the 0.29-0.1 hPa layer they sharply weaken, in-
dicating a stratification of the atmosphere. The levels of 10 and 7 hPa (» = -0.04), 5 and 3 hPa (» = -0.07) are
weakly related. At this time, the ozone layer plays an important role in the thermal regime, and dynamic mixing
is not so pronounced (weakening of the vertical wave interaction) [1].

To establish a link between air temperature fluctuations in the PFD and Arctic oscillations (AO), correla-
tion coefficients for 26 levels for winter and summer were calculated. In the winter period, in the lower tropo-
sphere, the correlation coefficients between the temperature and the AO are rather high (» = 0.60 at 1000 hPa),
which indicates a warming in the PFD due to the circulating factor. There is also an increase in the connection
in the upper troposphere (in the 300-200 hPa layer) and in the middle and upper stratosphere (7-3 hPa). In the
stratosphere, the connection has a negative sign, in contrast to the troposphere (» =-0.43 at 7 hPa). This may be
due to the spread of the Rossby planetary waves from the troposphere to the stratosphere, the occurrence of
winter stratospheric warming, leading to the destruction of the circumpolar cyclone. In this case, the zonal flow
weakens, and the temperature will rise, which leads to a negative connection between them. The correlation
coefficients for the summer period turned out to be insignificant.

Level 850 hPa, winter Level 850 hPa, summer

Fig.1. The long-term course of
average air temperatures in the
territory of the Volga Federal District.
Winter (December-February) and
summer (June-August). The initial row,
the linear trend and the low-frequency
component with a period of more than
Level 0,5 hPa, winter Level 0,5 hPa, summer 10 years, 1979 - 2016.



The estimation of the horizontal links between temperature changes in the PFD and in the temperate zone
in the NH indicated that in winter the links are less tight than in the summer period in the atmosphere. If in the
summer, with the exception of the layer 200-150 hPa, the correlation coefficients are significant and have a
large numerical value (in the troposphere 7 > 0.6, and in the stratosphere » > 0.7), then in the winter period ev-
erything becomes more complicated. In the troposphere, only in the lower layer r> 0.6. Then the tightness of
the links increases in the upper stratosphere (» > 0.6). The analysis of altitude-time sections of the first differ-
ences of low-frequency components with a period of more than 10 years of air temperature (°C / year) indicated
the following: in winter, in the troposphere, since 1988, positive differences prevail, i.e. the temperature in-
creases with time. In the stratosphere up to a height of 30 km, the tendency of falling (cooling) is more ex-
pressed.

Much more contrast events take place in a layer of 30-64 km where sources occur with large temperature
differences. There is a warming in the period 1996-2004 and a strong cooling in 1986-1990 and 2004-2010. In
the summer period, the picture is calm. There are no big contrasts. In the troposphere there is a tendency to
warming, in the stratosphere to cooling.

CONCLUSIONS

1. There is a significant difference between winter and summer in the vertical distribution of air tem-
perature: so at the level of 12-13 km in winter, the greatest warming is observed, and in summer, on
the contrary, there is a noticeable cooling. In the stratosphere, the greatest cooling of air takes place in
the 35-40 km layer in winter and in the 35-45 km layer in summer.

2. The character of vertical correlation links in the temperature field is revealed: the links between the
layers sharply weaken in the tropopause area both in winter and in summer. In the summer period,
negative links are established between the troposphere and the lower stratosphere, indicating an anti-
phase nature of the temperature change.

3. According to the correlation analysis, the influence of the Arctic oscillation in the winter has the
greatest effect on the surface layer of the troposphere (temperature increase) and the 7-3 hPa layer in
the stratosphere, where the temperature decreases.

4. In the upper stratosphere and the lower mesosphere, according to the results of the analysis of the first
differences of LFC with a period of more than 10 years, sources of growth or decrease in temperature
with cyclicity of 8-10 years are noted in winter.

This work was supported by the grant from the Russian Foundation for Basic Research (grant 18-05-
00721).
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