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SESSION 1

Monitoring

of Climate Changes
over Northern
Eurasia

Upper-air climate
monitoring: data sources,
technological aspects,
some results

Lavrov A.S., Sterin A.M., Khohlova A.V.

FSBE «RIHMI-WDC», Obninsk, Russia

E-mail: fliorcid@yandex.ru, sterin@meteo.ru,
anna_x@meteo.ru

Web: www.meteo.ru

he free atmosphere is one of the most impor-
I tant components of the climate system. Its
characteristics are fundamental for climate
monitoring. Over the years, RIHMI-WDC has been
performing temperature monitoring in the free atmo-
sphere (troposphere, lower stratosphere). In the re-
cent years, wind monitoring in the free atmosphere
was added to temperature. At present, the sections
devoted to specific features of temperature and wind
conditions in the free atmosphere are included in Ro-
shydromet’s Annual Reports on Climate Specifics.

The information basis for making necessary cal-
culations of characteristics of climate monitoring in
the free atmosphere is represented by radiosonde ob-
servation data from the global network of aerological
stations. These data are collected from communica-
tion channels, accumulated in RIHMI-WDC and
processed. Following all data processing stages,
monthly archives are created that contain quality
controlled data.

The Report describes the further steps in space-
time generalization of original temperature and wind
data for the troposphere and lower stratosphere that
represent technological elements of monitoring of
these climate parameters. The content of the appro-
priate sections in the Annual Reports on Climate Spe-
cifics is given as an example. This includes tables,
graphics and detailed text analysis of the results ob-
tained.

For tropospheric and lower stratospheric tem-
peratures, the series of anomalies obtained in RIH-
MI-WDC and used in preparation of Annual Reports
and other monitoring materials are compared with
the appropriate series from other sources. These
sources are represented by other radiosonde data sets
(both data obtained from stations and generalized
data), satellite data-based series, and reanalysis-
based data series. The results of the comparison in
question are obtained by the authors of this report re-
gardless of other similar publications, with the data
series being used through 2017. The results of this
comparison are presented and analyzed in the report.
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SESSION 1

MOHUTOPMHI KNIMMATUYECKNX U3MEHEHUI B CBO6OOHON
aTMocdepe: UCTOYHUKM OaHHbIX, TEXHOSIOrMYECKMEe acneKThl,
HeKoTopble pe3y/bTaThl

Naspos A.C., Crepun A.M., Xoxnosa A.B.

BHUUIMU-MLLL, 06HMHCK, Poccua
E-mail: fliorcid@yandex.ru, sterin@meteo.ru, anna_x@meteo.ru
Web: www.meteo.ru

BOOOIHAS aTMOC(epa ABIIETCS OJHON U3 BaKHEHIIINX KOMITOHEHT KITMMAaTHUECKON CHCTEMBI, €€ Xapak-

TEPUCTUKU BXOZAST B COCTAB BAKHEHIIMX ISl KIIMMaTu4eckoro Mmouutopusnra. B ®I'bY « BHUNI'MU-

MII/l» B TeueHue psaa JeT OCYIIECTBISIETCS MOHHTOPUHT TEMIIEpaTyphl B CBOOOMHOW aTMocdepe
(Tponocdepe, HukHel crpatocdepe). B nocieanne HeCKONBKO JIET K TeMIIeparype B CBOOOIHOM atMocdepe
nobaBmiics BeTep. B HacTosmIee Bpems pa3aesbl, Kacalourecss 0COOEHHOCTEH pexXrMa TeMIepaTypsl H BeTpa B
cBOOOIHOM aTMocdepe, BKITIOYAIOTCS B TIOroTaBlIuBaeMbie Pocruipomerom exxeronHbie Jlokiansl 06 ocoOeH-
HOCTSAX KiIuMara. MOHHUTOPUHT TeMIepaTypsl BeaeTcs s CeBepHOTo MONyIIapHs, MOHUTOPHUHT BETPOBOTO
pexnma 11t cBoOOIHON atMocdepsl Haa TeppuToprel Poccum.

WHpopManmoHHy0 OCHOBY JUISl OCYIIECTBICHHS HEOOXOANMBIX PACUeTOB XapaKTePUCTHK MOHUTOPUHTA
KJrMara cBOOOIHOM arMoc(epbl COCTABIISIIOT JIAHHBIE PaIMO30H/IOBBIX HAOMIONEHHUIT 10 TII00AILHOM ceTn ad-
POJIOTUYECKUX CTaHIIUH, KOTOPbIE COOMPAIOTCS C KaHAJOB CBs3M, HakarumBaroTcs B ®I'BY «BHUNUT' MU-
MII/]», oOpabarsiBatoTcsi. B pe3ynbrare Bcex craanii 00paboTKH (GOPMUPYIOTCS MECSYHBIC TIOPIIMU apXHBOB,
coziepKalue NpouieInii KOMIJIEKCHBI KOHTPOJIb JJAHHBIE.

OO6mras cxema TEeXHOJIOTHH MOHUTOPHHTA COCTOHMT M3 HECKOJIBKUX 3TAIOB: MONy4YEeHHE CTATUCTHYECKUX
XapaKTePUCTUK IS KaXKI0M CTAaHIIMK HA CTaHIAPTHBIX M300apHUECKHUX MOBEPXHOCTSAX 32 MHOTOJCTHHIN Me-
CSIII, WK CE30H, WK TOJI, TTIOJTyYeHHE TeX JK€ XapaKTePUCTHK 32 COOTBETCTBYIONIIH MECSI] WIIN CE30H aHAJIN3H-
pyemoro rosia, pacyeT aHOMAaJUi, TPEHIOB U JPYTUX XapaKTEPUCTHK, TPOCTPAHCTBEHHOE 0000IIeHNEe, aHATN3
0COOEHHOCTEH aHaJIM3UPYyeMOro roja, MpejcTaBlieHne pe3ybTatoB. Ha ocHOBe cOOpaHHBIX MECSUHBIX MOp-
U TAaHHBIX CPOYHBIX HAONIIONEHUH PacCUNTHIBACTCS MAaCCHB MOCTAHIIMOHHBIX CTATUCTHYECKUX XapaKTepH-
CTHK Pa3IMYHBIX METEOBEIIMYMH B CBOOOIHON arMocdepe, B KOTOPBIH BXOASAT TeMIleparypa, CKOpOCTh U Ha-
MIpaBJICHNE BETPA, BEIMIUHBI 30HAIFHOTO U MEPHINOHATIBHOTO BeTpa. 3HAYCHUS XapaKTEePUCTHK BEIOMPAIOTCS
Ha 15 cTrangapTHRIX H300aprudeckux moBepxHocTsx oT 1000 xo 10 rlla. B nonoixHeHue K 3HaUCHUSAM XapaKTe-
PHCTHK Ha N300apHUYECKUX MOBEPXHOCTSIX, HA OCHOBE B3BEILICHHOTO BEPTHKAIBHOTO 0000IIEHHsI pacCUNTHIBA-
FOTCSI 3HAYCHUSI XapaKTEPUCTUK B OCHOBHBIX ciiosix armocdepsl: 850-300 rlla (tpomocdepa), 100-50 rlla
(mmxHss cTpatochepa), 300-100 rlla (mepexoqHbIi ¢i10H, XapaKTepHU3yIOMUNHCS 3HAYUTEIIEHOW HECTa0MIBHO-
cThi0). Ha 0CHOBHBIX N300apUYECKUX MOBEPXHOCTAX U B CIOSAX JUTS KaXKJON CTAHIIMK BEIYUCIIIOTCS aHOMAIINU
TeMIepaTypsl U CKOPOCTH BETpa, a Takke aHOMAJMH CKOPOCTH 30HAJIBFHOTO M MEPUIMOHAIFHOTO BeTpOB. B
KauecTBE HOPM, OTHOCHUTEIHHO KOTOPBIX CUMTAIOTCSI aHOMAJINH, UCTIONB3YIOTCS COOTBETCTBYIONINE XapaKTepH-
CTHKH TEMIIePaTypsl ¥ CKOPOCTH BETpa JUISI 3TOH CTaHIINH, ocpeaHeHHbIe 3a nepuoxa 1981-2010 rr. 1t Temme-
parypsl u 1985-2014 rr. st Betpa. HopMbl M aHOMATUHM BBIYHCISIOTCS IS KaXXAOTO MecsAla I KaXIou
craniuu otaensHo i cpokoB 00 u 12 UTC. TTocne aToro, B mpezenax Mecsia, BEIYUCICHHbBIE HOPMBI i aHO-
MaJlii yCPeTHSIOTCS 1Mo cpokaM. IIpn ycpenHeHHsX HCTONB3yIOTCsA Beca, PaBHBIC YHCIY MPHU3HAHHBIX MPU
KOHTpOJIE Ka9eCTBA KOPPEKTHBIMU COOTBETCTBYIOIINX CPOUHBIX 3HAUEHUH TEMITEPaTyphl U CKOPOCTH BETPA.

ITonst Temmiepatypsl B cBOOOAHON arMocdepe UMEIOT 30HAIBHBIA XapakTep, B CBSI3U C OTUM aHOMAJIHH
TeMIepaTrypsl B CBOOOAHOM aTMocdepe TOABEpraloTcsl B3BEIICHHOMY II0 IUIOUIATH MPOCTPAHCTBEHHOMY
YCPeAHEHHIO 10 MATHIPALYCHBIM M TPUALATUTPAAYCHBIM IUPOTHEIM mosgcaMm 0-30 c.mr., 30-60 c.r., 60-90
c.III., a Takxke 1o Bcemy CeBepHoMy momyriapuio. OIEHKH CKOPOCTH ¥ aHOMAaJIMK CKOPOCTH BETpa MPOCTPaH-
CTBEHHOMY YCPEIHEHHIO HE MOJBEPTaloTCs U B HACTOSIIEEe BpeMs BeTyTCs TOJIBKO HaJ TeppuTopueil Poccum.

[ToMHrMO TTPOCTPAHCTBEHHOTO YCPEAHEHHUS MTOCTAHIIMOHHBIX MECIYHBIX aHOMAJINI TeMIeparypsl, IIPOBO-
JUTCSI YCPEIHEHNE aHOMAIINI TeMITepaTyphl M XapaKTePHCTHK BETpa M0 Ce30HaM | 110 oy B 1iesnoM. [Ipu 3Tom
3UMHUH CE30H HAYWHAETCA C IeKabpsi rofia, MpeIIecTBYIONIero NCCIeTyeMOMY, a OIICHKH To/ia B 1[EJIOM OXBa-
TBIBAIOT MEPHUOJ SHBAPH-/1EKA0Pb.

Ha ocHOBe pacCuMTaHHBIX XapaKTepUCTHK (POPMUPYIOTCSI pas3elibl exxeroaHbIX JJoknanoB 06 0coOeHHO-
CTSIX KJIMMarta, BKIIOYAroIue TabnuyHbIi, rpadudeckuii MaTepual, AeTaabHBIN TeKCTOBBIN aHaJIH3 MOoTydae-
MBIX pE3yNbTaTOB M TPUBOAMTCS OMHCAHHWE OCOOEHHOCTEH KiImMaTa cBOOOTHOHN aTrMocdepsl MpOIIe/IIero
rofa.

Paznen Jloknaza mo BeTpOBOMY PEeXHMY CBOOOIHON aTMOC(ephl BKIIIOUaeT CPEeAHEMECSYHbIE, CpeiHece-
30HHBIE ¥ CPETHETOIOBBIC 3HAUCHNS CKOPOCTH BETPA U €r0 KOMIIOHEHT U MX aHOMAJIMH B Tporocdepe U HUXK-
Heii cTparocdepe. OCHOBHBIM rpadUYecKuM MaTepUalIOM JIJIsl XapaKTEePUCTHK BETpPa SIBISIIOTCS KapThl TeppH-
Topuu Poccun.
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Paznen [loknana mo TeMIepaTypHOMY pPEeXUMY CBOOOIHOM aTMOC(ephl BKIIOYaeT B ceOs cpeqHeMecsd-
HBIE, CPEITHECE30HHBIC M CPEAHETON0BBIC 3HAUCHNSI AaHOMAINI M TPEHIOB TEMIEPATYpPhl B Tporocepe, HUX-
HEH cTparocdepe 1 Ha CTaHJAPTHBIX M300apUUECKUX MOBEPXHOCTSX JJISl TPEX IIMPOTHBIX MOSICOB CEBEPHOTO
TIOJTyIIApHsl U JUIS CEBEPHOTO MOTyIIapus B 1ieoM. Kpome 3Toro, paccuuThIBalOTCS PaHTH CaMbIX TEIUIBIX JIET
B Tpomocdepe U CaMbIX XOJIOIHBIX JIET B HIDKHEH cTpaTochepe. CTposaTcs U IpUBOIATCSA TpauKH, 0TOOpaxka-
IOIINE CE30HHBIC U TOJJOBBIE BEPTHKAIBHO-IINPOTHBIE CeUeHUs noseil aist CeBEepHOro Moyapus.

Jliist Temmeparypsel Tpornocdepsl ¥ HIKHEH cTpaToc(epsl MPOBOANTCS COMOCTABICHUE PSIIOB aHOMAJIHH,
nosnyyaeMbix B ®I'BY «BHUUT' MU-MIJ1» u ucnonb3yeMbIX Uisl HIOATOTOBKU eXeroaHblx JloknanoB u apy-
T'MX MaTepHaioB MOHUTOPUHTA, C COOTBETCTBYIOIUMH PSIIAMH APYTUX HCTOUHUKOB. DTUMH HCTOYHHKAMH SIB-
JISTFOTCST IPYTHE MAaCCUBBI Pa/INO30HOBBIX IAHHBIX (KaK MOCTAHIIMOHHBIX, TaK U MOTYYEHHBIX B PE3YyJIbTaTe UX
00001IIeH 1), PS/IBI HA OCHOBE CITyTHUKOBBIX HAOIOICHHH, PSIIbL, ITOTydeHHBIC HA OCHOBE MACCHBOB peaHaIl-
30B. B uncne peaHann3oB, y4acTBYIONIMX B CpaBHEHUSX, Ucronb3yiorcs ERA-Interim, JRA-55, NCEP/DOE,
NCEP/CFSR, a takxxe ERA 5 (mannsie, nMeromuecs B CBOOOIHOM JOCTYIIE).

Pe3ynbraThl MPUBOJMMOTO COMOCTABICHUS TIOJyYEHBI aBTOPAaMM HACTOSIIETO JIOKJIaJa HE3aBUCHMO OT
JPYTUX TOO0HBIX MyOIMKAINH, TPUYEM HCIIONB3YI0oTCS psiabl o 2017 rox BKIFOUUTENRHO. B MoKitaze mpuso-
JSITCSL M aHAJTU3UPYIOTCS PE3YIIBTAThl TAKOTO COMOCTABIICHUSI.

Solar influence on surface temperature in the Northern
hemisphere

'Tartakovsky V.A., 'Cheredko N.N., 'Maximov V.G., "“Volkov Y.V.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
? Tomsk Polytechnic University, Tomsk, Russia
E-mail: trtk@list.ru, atnik3@rambler.ru

we estimated solar influence on surface temperature. This estimation was called the “sun-effect”. Sev-

eral series of mean monthly temperatures measured from 1955 to 2010 at 818 meteorological stations in
the Northern Hemisphere provided by the University of East Anglia and a number of monthly Wolf numbers
for the same period from the Pulkovo Observatory website were used.

In the present work we obtain distribution of correlation coefficients for these series as a function of the
average multi-year temperature. It was found that the coefficients were insignificant, and there was also no
clear dependence of their variation range on the seasons.

We show analytically that the observed saturation levels of the sun-effect estimation [1] depend nonlin-
early on the ratio of the fluctuation part of the Wolf number series to their average values. Outside the tempera-
ture range +2 "C, the Wolf numbers are mainly determined by the sun-effect. If their average values increase,
the saturation level also increases up to one; if they decrease, the saturation level drops to zero. When the fluc-
tuations are amplified, the level of the sun-effect saturation tends to zero; and when they decrease, it tends to
one. Thus, the high consistency of the temperature series and the Wolf numbers demonstrated by the sun-effect
estimation exists along with an insignificant correlation coefficient of these investigated series.

When crossing the boundary of snow cover in any snow-month, a change in the sign of the sun-effect esti-
mation is observed. This fact is well explained by phase transitions of water during freezing and thawing. As
known, the change in the aggregate forms of water occurs with a certain delay, in relation to the external forc-
ing, and so does the change of temperature. As a result, characterized by the sun-effect estimation, the consis-
tency of the processes is decreased. It is characteristic that, outside a small neighbourhood of zero-temperatures,
the sun-effect grows sufficiently rapidly showing the genetic consistency of the processes under study, there-
fore, it is not possible to assume that these processes can be changed arbitrarily. By definition, the sun-effect
estimation is a normalized mixed initial moment; turning it to zero cannot be a consequence of turning to zero-
temperatures. The tendency to zero is possible only through a decrease in the consistency of the values included
in this moment.

There are certain opinions assuming that solar influence on climate is weak, as well as those claiming that
it is significant. Both variants turn out to be valid because of the diversity of solar-terrestrial relationships. The
conditions for an occurrence of saturation regions of the sun-effect, as well as its behavior in a neighborhood of
zero, were clarified. The analysed sun-effect estimation, with respect to the mean monthly temperature after 40
years, acquires a simple informative form that varies a little by the end of the 56-year observation period, which
characterizes the optimal time interval for climate assessment. Based on the established patterns, it can be con-
cluded that the observational data for temperature and sun spots are informative, and the estimation of their
consistency reflects correctly climate geography.

The paper suggests analysis and physical substantiation of the results of our previous work [1] in which
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1. V. A. Tartakovsky, N N Cheredko, V G Maximov, and Y V Volkov. Sun s effect on the surface tempera-
ture in the Northern Hemisphere. 2017 IOP Conf. Ser.: Earth Environ. Sci. 96 012008.
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BnnaHne ConHua Ha npu3eMHyo TeMnepaTtypy
CeBepHoro nosnyLwapua

"TapTakoBckuii B.A., Yepeabko H.H., 'Makcumos W.T"., "“Bonkos 10.B

" IHCTUTYT MOHUTOPMHIa KNMMaTHu4ecKux 1 3konoruyeckux cuctem CO PAH, Tomck, Poccusa
? TOMCKMii NOSIMTEXHUYECKMI yHusepcuteTt, ToMcK, Poccun
E-mail: trtk@list.ru, atnik3@rambler.ru

M3UYecKast IPUPOia COTHEYHO-3EMHBIX CBSI3€H M MEeXaHU3MBI TpaHC()OPMAIMH COTHEUHOW SHEPTHH B

arMocdepe Mmo-npeKHEMY OCTAIOTCS IPEIMETOM JTUCKyccuit. J1ist MpOsICHEHUsI CUTYaluU MbI HCIIOJb-

3yeM ()eHOMEHOJIOTHYECKUI TTOJIX0/I, CYIITHOCTh KOTOPOTO COCTOUT B 0000IIEHHH JaHHBIX HAOIIOzIe-
HUIA, B YaCTHOCTH MyTeM KOHCTPYHpOBaHusl (OpM HX npescTaBienus. [Ipu aTom ynaercs nomayvars HHGopMa-
THUBHBIE OIICHKH U (hOPMYINPOBATH THIIOTE3HI.

Lenbto qaHHOI pabOTHI SIBISIETCS aHAIN3 U (pU3HUIecKoe 000CHOBAaHHE PE3yIbTATOB MIPEABIIYIIEro Hecie-
noBanus [1]. Bo Bcem MHOroo0pasuu popM NepeHOCUNKOB SHEPTHH, €€ TMaNa30HOB, CIIEKTPaIbHOTO COCTaBa
1 KOJIMYECTBA COTHEYHOE BO3JCHCTBHE BXOIUT B reocdepy M M3MEHSEeT XapaKTePUCTHKH €€ COCTaBIISIONIHX.
Kax mHTETpanbHBIN HETOKATBHBIM MHAUKATOP CONHEYHOTO BO3ACMCTBHS paccMaTpuBaloTcs uucia Bombda,
peaxIys TeOCHCTEMBI XapaKTepU3yeTcs] M3MEHEHUAMH MpHU3eMHON TeMmepaTypbl. CoTHeYHOe BO3/eiCTBHE
CIOCOOHO €€ JIOKAJbHO YBEIMYMBATH M YMEHBIIATH 33 CUET MPSMOTO MPOTpeBa, MHUIMAINH TTePEMEIICHU]
BO3/1yXa ITyTeM KOHBEKIINH, aIBEKIINH, MEXaHU3MOB 001Iel upKyasaun armocdepsl. [Ipu aTom, peanusyercs
9KpaHHPOBaHHUE TIOBEPXHOCTH 3EMJIH 3a CUET COCTOSHMS MOACTHIIAIONICH OBEPXHOCTH, Pa3BUTHSA O00IaqyHO-
CTH, M3MEHEHHsI KOHIIEHTpalnii aTMoc(epHbIX ra3oB. Yemy criocoOcTByeT MaruutHoe noje CoiHia, nepeMe-
111asi B KOCMOCE 3apsKEHHbIC YaCTUIIBI OTHOCUTENBEHO 3eMJIH, KOTOPBIE M3MEHSIOT MPO3PAaYHOCTh aTMOC(EPHI.

JJ1s BBITIOJTHEHHUST pacyeToOB HCIOIB30BAINCH T€ JK€ PS/IbI JaHHBIX, 9TO U B [1]: psbI cpeaHEeMECTIHOM
Temneparypsl ¢ 818 mereoponornyeckux craniuii CesepHoro nomymrapus 3a nepuof 1955-2010 rr. [21]. Pan
cpeiHeMecsTYHBIX uncen Bombda 3a ToT e nepron B3t ¢ [22].

PaccmarpuBaemble psizibl TEMIIEpaTyp X, B rpagycax Lleabcust u 6e3pa3MepHsbie pabl ynucen Bombda S,
B3aMMHO OJHO3HAYHO IPEJCTABIAIOT M3ydaeMble TpoIecchl. BBeIEHO MHUCKpETHOE IUKIMYECKOe BpeMs, U3
PSIIIOB CpeHeMeCsIUHbIX 3HaYeHHI uncen Bombda u Temreparyp oTOMparoTCst 3HAYSHUsI [JIsl OTHOTO KOHKPET-
HOT'O Mecslla B KaXKJI0M IOy, U3 KOTOPbIX chopMupoBansl 818x12 psjioB cpeiHEMECSYHBIX TEMIIEPATYP X;,, U
12 psinoB uncen Bonbda S,,. 3nech | ecTh HOMEp psiia U METEOCTAHIIMH, TIe OH NIOJIyYeH, a M U3MeHseTcs oT 1
JI0 56 1 XapakTepuszyer Homep Mecsia. Bee QyHkin: mean, var, COV BBIYUCISUIUCH B IIMKJIMYECKOM BPEMEHH.
Wnpeke, XxapakTepu3yIOUIHA 3T0 BpeMs U W3MEHSIOMmuics oT 1 10 56, BO BceX MOCHEIYIOMNX BRIPAKCHUIX
JUTS TIPOCTOTHI 3aITUCH OITyCcKaeTcs. Taxke OMyCKaloTCsl WHAEKCHI B MPaBON YacTH BBIPAKCHHMH, €CITH 3TO HE
BHOCHUT COMHEHHH. Psi/Tbl MOYKHO TIPE/ICTaBUTH B BU/IE CYMMBI X CPEHET0 3HAYCHHS M (DIIYKTyalnu:

X, =x+Xx, S,=5+5. (1)

Ha pucynke 1 nmokazaHo pacripezaeneHue Kod(Q(QHUIMEHTOB KOPPEISLUHN ITHX PSIOB B 3aBUCHMOCTH OT
cpeziHel MHOTOJIeTHEH TemIieparypbl. BuaHo, yTo K03 (hUIIMEeHThI He3HAYUTENBHBI, HET SBHOW 3aBUCHMOCTH
Jluana3oHa UX U3MEHEHUsI OT BpEMEHHU rofia.

[oncrasum npeacrasnenus (1) B BeIpaxkeHue uis coiHeuHoro 3¢ dexra (5) B [1], 1 u3yuum ycioBus, pu
KOTOPBIX HACBIIIAeTCs CONHEUHbIH dpdexT e,,. [Ipumem Bo BHUMaHUE MaIOCTh KO(POUIUEHTa KOPPEIALUU
TeMIEepaTypsl U COIHEYHOro Bo3AeicTBus X, U S, (pHc.1) Mo cpaBHEHUIO ¢ Ipou3BeAeHUuEeM cperHux u3 (1).
Kpome toro, yureMm, uTo AucHepcust TEMIEPaTyphl Majia O CPABHEHUIO C KBAPATOM €€ CPEHEro 3Ha4eHUs B
00IaCcTsAX HACHIIICHHS COMHEUHOro addekTa okono +40 °C, T.e. Ui aHTHIUKIOHATBHBIX 3aCTOMHBIX YCIOBHIA.
Toraa BeIpakeHHE JUIsl COTHEUHOTO 3(p(heKTa MpUMET NPUOIIMKEHHBINA BU:

@, = (X5 +cov(x, 5))/\/()TY+ var(x))(ss + var(3)) = (1+ var(s / E))_l/2

2)
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Puc. 1. KoadpdumumeHT Koppenaumm cpegHeMecsy-

04 _ ) HbIX 3Ha4YeHMM Yncen Bonbda 1 TeMnepatypbl Ha
’ e oo 3 818 meteocTaHuuaAx CeBepHoro nonywapws. Kpac-
e 0z, HbI@ KPYKW COOTBETCTBYIOT IETHUM MecALaM, Cu-
< J- HWE — 3UMHUM, 3eJ1eHble — BECEHHUM, enTble —
> OCEHHMM.
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CpeaHsia MHoroneTHas Temneparypa, ‘C

BrranciienHoe cpemHee 3HaueHUe i gyncen Bonmbga cocraBmiio s = 70,818, OTHOCHTEIBHAS TUCTIEPCHS
— var(s/s) = 0,62, yro maer 3HaueHUs coyHeuHOro 3¢ dekra B obnacTax HacelmeHus (2) — e, = 0,785. Ota
OIIeHKa YpOBH: OJNM3Ka K TeM, 4To HaOmromarores Ha pucynke 2 B [1]: 0,785(0,015) u —0,758(0,032) mns cpen-
HUX 3HAYCHUM COTHEYHOTO 3((PeKTa M ero CPeaHEKBaAPATHIHBIX OTKIOHEHNH BHE MHTepBana +7 °C. Takum
00pa3om, mpuOIIKEHHOE BEIpakeHue (2) anekBaTHO cutyarmu. C pacuimpeHneM TeMIIepaTypHOTO HHTepBajia
HAOTIOIAETCsl CXOAUMOCTD K CPEeIHEMY 3HAYCHHUIO, PEalIi3yeTCsl HACKIICHHE COTHETHOTO Y deKTa. 3a mpeae-
naMu tuanasona temrmeparyp +2 °C uncia Bombda B 0CHOBHOM OTIPENEIIAIOT CONMHETHBIN 3 dekT. Eciu Bo3pa-
CTaeT MX CPEe/IHEeE 3HAUYCHHE 5, TO YPOBEHb HACBIIICHHSI TAK)KE BO3PACTAET BIUIOTh A0 SIUHHUIIBI, €CIIH HA000POT
—nazaer 10 Hyi. IIpu ycunenun QuyKkryaliuy ypoBeHb HaChILLEHHS BEIMUHHBI @), CTPEMHUTBCS K HYIIIO, a IIPH
ocnabIeHnH — K equHAIe. TakiuM 00pa3oM, BEICOKas COTIIACOBAHHOCTH 110 (2) CYIIECTBYET HApsIy C He3HAUH-
TEJNBHBIM KOA(PPHUIINEHTOM KOPPEIAIUH KaK Ha puc. 1.

PaccMoTpuM U3MeHEHHUs COJIHEUHOIo 3G deKTa @, B OKPECTHOCTU Havaia KOOPAUHAT, INMPUHOH npuoiu-
surensHo 11,5 °C no ocu aberuce n okono +0,3 °C no ocu opanHar. BuiHo, 4To Belnu4nHa @,,,, XapaKTepusy-
I0I1Iasl COIVIACOBAHHOCTh TEMIIEPATYpP M COJHEYHOIO BO3AeHCTBUA (X, U S,,) CYILECTBEHHO BO3PACTaeT OT LIEHT-
pa OKpPECTHOCTH, I7ie OHa OJIM3Ka K HyI0. JIOKaau3aIust 3TOro Ipe/oyiaraeMoro HyJisi HA MECTHOCTH COBIIaJia-
€T ¢ rpaHulieil cHeskHoro nokposa (puc. 2). Ilo onpenenenuto conHeunslii apdexr e, , npeacrapiser co0oi
HOPMHUPOBAHHBIM MOMEHT. [103TOMY, ¢ BEIYMCIUTENLHOM TOYKH 3pEHHS, O0OpAILCHNE €T0 B HYJIb HE MOXKET OBITh
CJIC/ICTBHEM OOpaIlieHHs B HyJIb TeMrieparypsl. [IyTh K HyIIO HIET TOJIBKO Yepe3 YMEHBIIEHHE COTJIACOBAHHO-
CTU BEJIMYHUH X;,, U S,,, T.€. Uepe3 yMeHblIEHUE 3HaUeHUI BCEero BeIpakeHus Uisl costHeuHoro addexra, (5) B [1].

il ' . I : Puc. 2. lpocTpaHcTBEHHOE pacnpeneneHune con-

y - HeuHoro 3¢ deKTa B deBpane, MapTe, OKTAOPE U HO-
a6pe (11, Il, X, XI) B cpesHEM MHOFONETHEM 3a NepU-
of 1955-2010 rr. bupto3oBble KPY*KM COOTBETCT-
BYHOT COHeUHOMY 3¢ derTy BOnm3u +0 °C, cunme —
o1-0,1 go -5 °C, KpacHble — o1 0,1 10 5 °C, «MUHY-
Cbl» — HUe -5 °C, «nniocbl» — Bbiwe 5 °C.
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SESSION 1

Habnromaemast cMeHa 3HaKa COTHEYHOTO 3¢ (ekTa MpH MepecedeHn TPaHHIIbI CHE)KHOTO TOKPOBa B Ka-
KJIOM MECSIIE, XOpOIIO 00bsACHsETCs (ha30BBIMHU IIEPEX0/laMH BOJIBI TIPH €€ 3aMep3aHuu U oTTauBaHuM. Kax
M3BECTHO, N3MEHEHHE arperaTHbIX (JOPM BOJIBI MIPOMCXOANUT C HEKOTOPBHIM 3ama3/(bIBaHUEM TI0 OTHOIIEHHIO K
BHEIITHEMY BO3ICHCTBUIO, B CIEJCTBUE YET0 3aMa3/IbIBAIOT N3MEHEHHS ee TeMnepaTypsl. Kak uror, xapakrepu-
3yeMast COTHEYHBIM 3(P(EKTOM COMTaCOBAHHOCTH MPOILIECCOB, YMEHBIIACTCS. XapaKTEePHO, YTO 3a MpeeIaMu
MaJloll OKPECTHOCTH HYJIsl TEMIIEPATYPbl COTHEUHBIH 3(D(EKT JOCTATOUHO OBICTPO BO3PACTAET, MOKA3bIBAs Te-
HETHYECKYIO COMIACOBAHHOCTh HCCIIEyEMBIX MPOLIECCOB, TO3TOMY HEJb3sI IPEAIIONAraTh, YTO 3TU HMPOLECCHI
MOKHO M3MEHSITh ITPOU3BOJILHO.

Ha pucynke 2 B [1] moka3aHbl 3HaYCHHUS COIHEYHOTO 3P QEKTa, YIOPSIIOICHHBIC 110 BO3PACTAHUIO CPEI-
HEW MHOTOJIETHEH TeMIepaTypsl BOJIU3M Hadana KoopauHaT. Toukn rpaduka pacnonararoTcs Kak B HEUETHBIX,
TaK ¥ B YCTHBIX KBa/IpaHTax. PacronokeHne TOUeK B HEUETHBIX KBA/IPAHTAX IIPU BCEX 3HAUCHUSIX TEMIIEPaTyp
Ha ocH alcImce ABIseTCs Mpeodaanaromeil 3aKOHOMEPHOCTRIO TpaHchopManuu dHepTruu B atMocdepe. Pac-
MIOJIOKEHUE B YETHBIX KBAJPAHTAX — SIBJISAETCA OCOOCHHOCTBIO M HAOMIOAETCSI TONBKO B OKPECTHOCTH HYJIS.
OTOT (aKkT OOBACHIECTCS HATUYUEM OTPHLATENBHBIX CPEIHEMECSUYHBIX TEMIIEpaTyp IHPH MOJIOKHUTEIBHOM
CpeIHel MHOTOIETHEH TeMIeparype 3a 56 et 1, Hao00pOT, HATWIHEM MTOJIOKUTENBHBIX — IIPH OTPHUIIATEIHFHOMN
cpenHell MHoroneTHel. CremyeT HpennoNokKNUTh, YTO BOJIM3M TEMIIEPATYPHOTO HYJISI TTOJBOJ SHEPTHH U €€
CTOK HE JIOCTUTAIOT MpeoOIaJaHusl U BO3HUKAIOT (QuykTyanun. HeycToiunBOCTh arperaTtHelx (opm BozbI B
9TOM JHana3oHe TEMIIEepaTyp emie OobIieil CTeNeHN Pa3MbIBAET PEAKIIUIO TEMIIEPATYPhl HA COTHEYHOE BO3-
JICHICTBHE W YMEHBIIIACT COTHEUHBIN S (DEKT.

CymecTByI0T MHEHUS, YTO BIMSHHUE COJHEYHOH aKTHBHOCTH Ha KIMMAaT ciaboe, TaKkKe M Te, YTO OHO
3HaunTenbHO. O6a BapHaHTa OKA3aJINCh CIPABEJIMBBI 110 IPHYMHE MHOTOOOpA3Hs U CIOXKHOCTU COJIHEYHO-
3eMHBIX CBsI3eil. B manHoN paboTe OBLIM MPOSICHEHB! YCIOBHS BOSHUKHOBEHHUS 00JIaCTel HACKHIIIICHHUS COTHEY-
HOTO 3(eKTa U MOBEACHNE €0 B OKpeCTHOCTH HyIsl. MccnenoBanHas 3aBUCHMOCTD COTHEYHOTO 3 dekra oT
CPEIHEMECSIHOI TeMITepaTypsl MpHOOpeTaeT MPOCTyI0 GOpMy TIPH aHAIHM3E JaHHBIX 3a mepuon nopsaka 40
JeT. YBeIMUeHHE TIeproia HaOMIoIeHHH 10 56 eT Masio u3MeHseT GopMy KPUBOH 3aBUCHMOCTH, YTO XapaKTe-
pH3yET ONTUMAIbHBINA BPEMEHHOW MHTEPBAJ IJIsl OLIEHKH KJINMaTa.

Jlumepamypa:

1. V.A. Tartakovsky, N.N. Cheredko, V.G. Maximov and Y.V. Volkov. Sun's effect on the surface tempera-
ture in the Northern Hemisphere. 2017 IOP Conf. Ser.: Earth Environ. Sci. 96 012008
doi :10.1088/1755-1315/96/1/012008

Application of Temperature Oscillation Envelopes
in Climatic Cluster Identification

"Volkov Yu.V., 'Tartakovsky V.A., 'Cheredko N.N., 'Maximov V.G.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?Tomsk Polytechnic University, Tomsk, Russia
E-mail: trtk@list.ru, atnik3@rambler.ru

n long-term meteorological and climate forecasting, the forecast object appears to be the state of the climate

system structure which is determined by presence and transformations of climatic clusters and is formed as

a result of complex internal and external influences. It is critical to provide satisfactory reproduction of
processes of climatic system transitions from one state to another in advance to predict formation of such peri-
ods. Finding the solution to these problems can be accelerated by discovering new generalizing regularities
based on effective methods for analyzing data of environmental monitoring. One of such properties is consis-
tency of natural-climatic processes [1]. The consistency indicator includes an integral response of the relevant
regional geosystem. Its use in models can contribute to significant savings in computing resources and can be a
diagnostic sign for cases of geophysical structure transformations.

To study the structure of a temperature field, as an integral indicator of state for regional geosystems of
any scale, an algorithm was constructed on the basis of an analytical signal. In this paper, we suggest the results
of the algorithm implementation for the average monthly temperature data from 818 weather stations in the
Northern Hemisphere for the period from 1961 to 2010 [2]. The approach developed in this paper allows deter-
mining boundaries of climatic clusters objectively and promptly for the first time. The correspondence of cli-
matic clusters obtained to the landscape structure of the Earth and the classical concepts of climate types con-
firms physical validity of the method.

The classification procedure consists in splitting the initial set of the temperature oscillation envelopes into
groups so that the correlation coefficient of the elements within the group is less than a certain threshold level. As
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a result, a typical element is formed in each group, where the values are determined by the correlation of source
elements participating in the iteration process, as well as the specified level of correlation within the group.

Calculation of the correlation coefficient for the original signals and the typical ones makes it possible to
distribute meteorological stations along the selected climatic clusters in accordance with a given level of rela-
tion closeness. In the present case, this level is equal to 0.8. The original 818-dimensional space of temperature
signals was structured into a 16-dimensional space. Each individual cluster defines an area where temperature
changes occur synchronously. Each typical element of clusters is unique. The separated classes have a clear
geographic localization.

The ranges of change in the variances of the original oscillations, the filtered oscillations and their enve-
lopes were determined. The volatility range of the envelopes for different regions varies considerably. The
variance values of the envelopes are much lower than those of the original oscillations. At the same time, on the
basis of these envelopes, clusters are formed that correspond to generally accepted classifications. Obviously,
climatic models should ensure reproduction of the envelopes with variances, calculated in the paper, so that
they, as well as climatic clusters, are not lost. The proposed approach can be used as an analytical basis for
studying climate at any spatial scale, according to the data on surface temperatures. It allows objective distin-
guishing of dynamic climatic classes in a continuously changing geosphere.

References:

1. Tartakovsky V.A. Synchronous analysis of the Wolf numbers and temperature series from weather station
in the Northern Hemisphere of the Earth. // Optika Atmosfery i Okeana. 2015. V. 28. N. 2. P. 182-188.

2. URL: http://www.metoffice.gov.uk, http://www.cru.uea.ac.uk (0ama obpawenus 01.12.17).

[prMeHeHne ornbaioLlen TeMnepaTypHbIX KosiebaHui
ONA BblAeNeHUA KTMMaTUYECKMX K1acTepoB

"“Bonkos 10.B., 'Taptakosckuii B.A., "Yepeabko H.H., 'Makcumos B.T.

! WUHCTUTYT MOHUTOPMHIA KMMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
2 ToMcKuii nonuTeXHUYecKuit yuusepcutet, ToMck, Poccua
E-mail: trtk@list.ru, atnik3@rambler.ru

KTyaJbHOM OCTaeTcs 3a/1a4a COBEPIICHCTBOBAHUS MOJIENEH, CIIOCOOHBIX C 3aJaHHOI TOYHOCTHIO OMMH-
CBIBATh IPOIIECCHI B KIIMMaTHIeCKON cucteMe. OCHOBHBIM HaIlpaBJICHUEM pa3BUTHUA MOlICJ'Ieﬁ KjimMara
SIBJISIETCSI Bce Ooliee TOYHOE ONMcaHue 1 Oosiee TONHBIN yUeT KIMMaToo0pasyoluX U KINMaTopery-
JUPYIOMINX MPOIECCOB, MEPEX0a OT MOJEIeH KITMMaTa K MOJEINsAM TeoCHCTeMHl [ 1], mupoKkoe pacmpocTpaHe-
HUE TIOJTYYWJIO MPOTHO3UPOBAHUE HA OCHOBE aHcambieBoro noaxoza [2]. B monrocpoynom meteoposioruye-
CKOM M KIMMaTH4Y€CKOM IPOTHO3UPOBAHUU 00BEKTOM IMPOTHO3a ABJIACTCA, CKOPEC, COCTOAHUE CTPYKTYPhI
KJIMMaTU4ECKOU CHUCTEMBI, KOTOpasA ONPEACIACTCA HATUINEM U TpaHC(bOpMaLH/IeI\/'I KIIMMAaTUYCCKUX KIIaCTECPOB
u opmupyercst B pe3yabrare BO3ISHCTBHS KOMILUIEKCa BHYTPEHHUX W BHEIIHHUX BIMSHHUN, KaK €CTECTBEHHOTO,
TaK 1 aHTPOIOTCHHOT'O MPOUCXOXKIACHUS. HpI/I 9TOM, HeO6XO}II/IMO YAOBJIETBOPUTEIBHO BOCIIPOU3BOIUTE IIPO-
LIECCHI TTepexo/ia KIMMATHUECKOH CHCTEMBbI U3 OJHOTO COCTOSIHUS B JPYroe, 3a01aroBpeMeHHO JUarHOCTHPO-
BaTh (POpPMHUPOBAHUE TAKUX MEPUOAOB. PelieHre qaHHbIX 3a/1ad MOKET ObITh (JOPCUPOBAHO BBISBICHHEM HO-
BBIX 000OIIAOIINX 3aKOHOMEPHOCTEH Ha OCHOBE pa3padO0TKH 3(h(HEKTUBHBIX METOIOB aHAIHM3a JAHHBIX H3Me-
pEHUI TapaMeTpOoB OKpY’KaroLIEel cpelpl. B HacTosee BpeMsl akTyaJIn3upyeTcss IMEHHO MEXIUCLHUIUIMHAP-
HBIN MOAXO0J] K MCCIIENOBAHUSM MTPUPOTHOI CPellbl M MIOMCK YHUBEPCAIbHBIX, 0000IIAIOIIUNX CBOWCTB pa3HO-
POAHBIX MPHUPOAHBIX ITPOLECCOB. O)IHO U3 TaKUX CBOWCTB — COTJIACOBAaHHOCTH TPUPOTHO-KIMMATUYCCKHUX
rporieccoB [3], HapyleHUs] KOTOPOi MOXKET ObITh TMArHOCTUYECKUM TPU3HAKOM TpaHchopMaluy reodusnye-
CKOM CTPYKTYPBI, UTO MOXKET ABJIATHCA 00BEKTUBHBIM MOJCJIIbHBIM U ITPOTHO3HBIM ITPU3HAKOM. HpI/I pcainunsa-
nu MO}IeJ’[eﬁ KJIMMaTa CTOUT psAJ 3aJiad, ONPCACTIAIONUX I'PAaHUIIbI €€ TOYHOCTH U KaY€CTBO IMPOTHO34a, HAIIPU-
Mep, Y4eT YCJIOBHUH MMOJICTUIIAIONIEH TOBEPXHOCTH, apaMeTpu3alys paJlaloOHHbIX MpolieccoB. [loka3arens
COTVIACOBAaHHOCTH BKIIIOUAET B c€0sl MHTETPAJIbHYIO PEAKIUI0 COOTBETCTBYIOINIEH PErHOHAIBHON T'€0CHCTEMBI,
OTpaxkasi e CyleCTBEHHbIE 0COOCHHOCTH, M €0 IPUMEHEHUE B MOJIEIISIX MOYKET CIIOCOOCTBOBATH CYIIIECTBEH-
HOM SKOHOMHUU BBIYMCIIUTEILHBIX PECYPCOB.
N3BECTHO, UTO U3MEHEHMSI KJIMMATa XapaKTEPU3YIOTCsl BBICOKOM IPOCTPAHCTBEHHOW HEOAHOPOAHOCTBIO
[4], ocobeHHo 3a peaenaMu TPOMUYECKUX IUPOT, YTO YCIOKHSIET PelIeHUe 3a]1ad MOACITUPOBAHUS U TIPOTHO-
3a kiauMara. [1oaxo ¢ UCIoIb30BaHUEeM KPUTEPHS COMNIACOBAHHOCTH MO3BOJISIET aHAIM3UPOBAThH 3Ty HEOIHO-
POAHOCTB, BBIABIIATH 3aKOHOMEPHOCTH, XapaKTEPHBIE JJIS pa3IMYHBIX IPUPOIHBIX 30H 3emiau. OauH U3 myTei
BBIABJICHUSA CTPYKTYPbI CUCTEMBI — KHaCCI/Id)I/IKaHI/Iﬂ. YCKOpeHHBIe U3MCHCHUS KJIIMMara IMOCJIICAHUX ACCATUIIC-
THUH MOBBIIIAIOT Tpe6OBaHI/Iﬂ K O0OBEKTUBHOCTH KIIMMATHUECKUX KHaCCHq)HKaHHﬁ.
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SESSION 1

Jst MccnienoBaHUs CTPYKTYPBI OJISL TEMIIEPaTyphl, Kak HMHTEIPaIbHOTO MOKa3aTeNsl COCTOSHUS PEeruo-
HAJIBHOM TE0CHCTEMBI JTF000T0 MaciITada, ObUT IIOCTPOCH ATOPUTM Ha Oaze aHanuTHyeckoro curHana (AC). B
JaHHOM paboTe MPUBEACHBI PE3YNIBTaThl pean3aliyl AITOPUTMA JUIS JaHHBIX CPEIHEMECSYHON TeMIIepaTyphl
¢ 818 meteocranuuii CeBepHoro momymapus 3a mepuoxa 1961-2010 rr. [5]. PazpabGarsiBaeMsblii B JaHHOH pabo-
TE IOJIXOJ BIIEPBBIC ITO3BOJISIET OOBEKTUBHO U OIIEPATUBHO OIPENEIISATh IPAHUIBI KIMMATHYECKUX KIIACTEPOB.
COOTBETCTBUE IMONTYyYaeMbIX KIUMATHYECKUX KIACTEPOB JaHMIIA(GTHOH CTPYKType 3eMIIM M KIaCCHYSCKHM
HpeCTaBICHIAM O THIIAX KJIMMara MOATBEpXKaaeT GH3NISCKyI0 000CHOBAaHHOCTh MeToa. Panee B Hammx pa-
60Tax Ha OCHOBE OMHCAHUS H3MEHEHUH TEMITepaTypsl Kak (pa30MOAYIUPOBAHHBIX KOJIeOaHUH ObLTa OTy4eHa
KJaccu(UKaIH OIS TeMItepaTypsl st Tepputopuiit Ceseproii EBpasun [6] u s CeBepHOTO MOTymapus B
nesoM [7]. Beigenennsie xiactepsl B OCHOBHOM MICHTHYHBI OOLICTIPUHATHIM KJlaccaM KiuMara. Hexoropsre
Pa3IM4Ms €CTECTBEHHBL, T.K. HAOMIONAIOTCS N3MEHEHH KIIMMaTa, HO COOTBETCTBHE 3aKOHOMEPHOCTSIM CTPYK-
TYPBI KIIMMaTHYECKOH CHCTEMBI BOCIIPON3BOAUTCS. B naHHOIT paboTe mpencTaBieHs! pe3ylbTaThl Kilaccupuka-
IIUM Ha OCHOBE orubarolieil TeMieparypHOro curHaa.

C TOUKM 3peHUs HCCIEOBAHMIS CHHXPOHHOCTH TEMIIEPATyPHBIX CUTHAJIOB HH(GOPMATHBHBIM ITPEICTABIIS-
€TCsl CHMMETPHYHBIN HHTEPBaJI INUPHHON AV, B KOTOPOM HET MHBIX BBIPKCHHBIX CIIEKTPAIbHBIX KOMIIOHEHT
KpOMe MOJIbI Ha HEeCYIIeH 9acToTe V,, OTHOCUTEIILHO KOTOPOH HHTEpBall LIeHTpUpoBaH. Eciu cipaBeyimBo He-
paBeHCTBO AV/ v, # 1, TO CIIEKTp Ha TOM HHTEPBaJIe COOTBETCTBYET y3KOIIOJIOCHOMY I'apMOHHYECKOMY Koneda-
HHIO, MOAYJIMPOBAHHOMY I10 aMILIATYyAE U (haze. OHO MOXKET OBITh BBIJETICHO M3 HCXOIHOTO TeMIIEpaTypHOTO
curHana 7,(t), myTeM IpUMEHEHHUS CIIeKTpaIbHOro okHa (V) ¢ addexTrBHOI mmpuHOit Av. @opManbHas Ma-
TeMaTH4YecKasi MOJIeIIb TAKOTO KOJIeOaHNs IPECTaBISeTCS B BUE!

T@)=F"'{Q [FT,[}=a()cos[2nv T +0(1)], )

rae F — oneparop npeodpazosanust Dypse, a(r) — ammmtyna, ¢(7) — dasa, v,— Hecymmas 9acToTa.

st coxpaHeHus 1moJe3Hoi nH(pOpManuy OKHO BEIOMpAETCs] MAKCHMAJIBHO MIMPOKUM. B maHHO# pabote
BBIOpAHBI OIMHAKOBEIE pa3Mepbl YUIBTPYIONINX OKOH NP BBIYUCICHUN OTHOAIOIINX IS KOJIeOaH!i TemMIiepa-
TYPBI C Pa3IIMYHBIX ITUPOTHBIX 30H.

JaHHBIC HAOMIONEHUHI HA BCEX METEOCTAHIUAX 00Pa3yloT MHOKECTBO £, 3IEMEHTHI KOTOPOro £, U £, CO0T-
BETCTBYIOT METCOCTAHIIUSAM C HOMepaMmH j, k € [1, N|; N = 818. [Ipouemypa KraccupuKamuy COCTOUT B BHIYH-
CIICHHH KOPPEIISIHOHHOH MaTPULIbL I n || 5memenTOB MHOXKECTBA H TIOCIEAYIONIEr0 Pa3GHEHHs STOT0 MHOKE-
CTBA HA IPYMIIb] Ge HOMEPAMH 71 TAKUE, 4TO KOIDQHUIMEHT KOPPEIALMH ET0 HIEMEHTOB BHYTPH TPYIIIBI 77 =

L, Ly=nte G £,€ G, G C £, rue r3aaHHblil yPOBEHb KOPPEIISLIHH.

Jist KaXJ10To U3 BIIeMEHTOB MHOXKeCTBa L., monaBmux B rpymnmy G, BEIYUCISIETCS €r0 TeKyllee 3HaUYCHUE
IyTeM 3aMEHBI IIEPBOHAYAIBEHOTO Ha CpeAHEee 3HAYCHHE BHYTPHU TPYIIIBI M TaK JUIsl KaKAOW TPYHIBL. 3aremM
TOBTOPSCTCS BHIYNCICHHE MATPHIEI || 7 k| | i 3aH0BO hopMupyrOTCS TPyIIIEL UTepari 0CTaHABIHBAIOTCS,
KOTJA TEKyIIIHE U CPEHHE 3HAYCHHS YIEMEHTOB BHYTPH KaKIOH IPyIIIBI OyLyT OTIHYATHCS HA 3aJaHHYIO Ma-
JyI0 BENUUUHY €. B mpenene gpopmupyercss HEKOTOpOE KOIMIECTBO TPYIIT ¢ HECOBMAIAIONINMH IEMEHTaMH,
CyMMapHO€ KOJIMIECTBO 3JIEMEHTOB BO Bcex rpymmax paBHO N. ITociie okOHUaHMS NTEPalHOHHOTO IIpolecca
(hopMupyeTCs TUIIOBOH 3IEMEHT ISl KaXKIOW IPYNITbl. 3HAYSHUS THIIOBBIX 3JIEMEHTOB OIIPEIEIISIIOTCS Koppe-
JMPOBAaHHOCTBIO YYACTBYIONINX B UTEPALIIOHHOM IPOLECCE NCXOIHBIX AIEMEHTOB, a TAK)KE 33/laHHBIM YPOB-
HEM KOPPEJBILUK BHYTPH PYIIIEI /-

B pesynbrare peanuzanny OpeUIoOKEHHOTO alrOpUTMa sl METCOIaHHBIX, TTOJydeHHBIX Ha 818 mereo-
cranuusax CeBepHOro noiywapus, py 3aJlanHHoM ypoBHe Koppersinun » = 0,8 u ¢ =+ 0,001, npouecc cowencs
K 16 TumoBeiM orubarommM. Takum 0Opa3zoM, ucxomgHoe 818-MepHOE POCTPAHCTBO TEMITEPATYPHBIX CUTHA-
JIOB CTPYKTYPHPOBAJIOCh B 16-MepHOE TpocTpaHcTBO. KakIblil OTIENBHBIA KIIacTep ONpeesieT TEPPUTOPHIO,
T I3MEHEHUsSI TEMITEPATYPBI TPOUCXOAAT CHHXPOHHO (pHc. 1). Kakias Thmosast 3akoHOMEPHOCTh YHUKAJIBHA.
BeinenuBurecst Ki1acchl HIMEIOT YETKYIO TeorpauuecKyro JTOKaTH3anuio.

[pu xnaccudukanuu ¢ yaeroM (Ha3oBOH MOIYIIIUH TEMIICPATYPHBIX PSIOB [7] OONBITHHCTBO CTAHITHIA
HKBATOPHAIBHOHN U CyOIKBaTOPHAIBLHOMN 30HBI HE BOIIUIM HU B OJIMH M3 KIIACCOB. AJITOPUTM KiIacCH(UKany Ha
OCHOBe Oorudaromeil TeMrepaTypHbIX KoJieOaHui ToKa3asl OOJBIIYIO0 YCTOWYNBOCTD JUIS JAHHBIX TEPPUTOPUI
(puc. 1). HampoTus, cranimm ceBepo-BocToka EBpaszuu He cMorm 00pa3oBaTh IPYIIIEL.

Kaxxaprii kimmmatndecknii Kirace 0003Ha9eH HOMepoM OT 1 10 16; cTaHInu, He BOWISAIINE HU B OIHMH
KJ1acc, 0003HaYEeHBI CHMBOJIOM «+»

Paccunrannble st OTGUIBTPOBAHHBIX B YAaCTOTHOM OONACTH CHTHAJIOB OrMOAONINe UMEIOT CIOKHBIN
CHEKTPAJBbHBINA COCTAB, PA3IMYHbINA AWAa30H N3MEHIMBOCTH HA PAa3HBIX cTaHIMAX. Ha puc. 2 mokasan otpe-
30K OrHOAroIIeH U CTAaHIINH, PACTIONOKEHHON Ha TeppUTOpUH ceBepHOM EBpasznn.

Boumn onpeneneHs! quana3oHbl H3MEHEHHH AUCTIEPCHil HCXOHBIX PSI0B, OT(GMIBTPOBAHHBIX KOJIeOaHMi
n ux ormdaromux. M3 tabmumpl | BUIHO, 9TO 3TH IUANa30HBI IS TeorpaMuecKUX PErHOHOB CYIIECTBEHHO
paznuuaercsi. Kpome Toro, 3HadueHns! IUCHEPCHN OTHOAIONINX CYIIECTBEHHO HIDKE, YeM MCXOAHBIX TeMIIepa-
TYpHBIX psioB. IIpu 3TOM Ha OCHOBE ATHX OTHOAIONIMX (POPMHUPYIOTCS KIACTEPHI, KOTOPHIE COOTBETCTBYIOT



Puc. 1. Knaccudmrauma nons npusemHoii TeMnepatypbl CeBepHOro noyLiapya no orvbaloLLmM B CpeiHeM A/1s nepuopa
1955-2010 rr.

Puc. 2. Orubaiowan Temne-
paTypHOro pAAa AnA CTaH-
21} i uum TOMCK 3a nepviog
1955-1965 .

Onbaromas, °C
o
=]

19 | . . . . . . ; . .

1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965
Toma

OOIIENPUHATHIM KiIaccupukarsiM. OUeBHIHO, YTO KIMMATHYECKHE MOJIENN JOJDKHBI 00eCTIeuBaTh BOCIIPO-
M3BE/ICHUE OTMOAIOIINX TEMIIEPATYPHBIX KOJICOAHHWH ¢ TaKUM e TOPSAAKOM 3HaueHui aucnepcuu (Tadm. 1),
4T0OBI OrMOAIOIINE ¥ BMECTE C HUMHU KIIMMAaTHYECKUE CTPYKTYPHBIC DJIEMEHTHI He ObIIIH yTpadeHBI.

[IpenoxkeHHBIH TOAXO MOXKET UCIOIb30BAThCS, KaK aHaIUTUYEeCKas OCHOBA AJISl U3yYEHUs KIMMaTa B
JII000M ITPOCTPAHCTBEHHOM MacIuTale Mo JaHHBIM O TIPU3EMHOM TeMIleparype, OH IMO3BOJISICT OOEKTUBHO BbI-
JISTSITh TMTHAMHYECKHUE KIIMMaTHIeCKUE KIacChl B HEMPEPHIBHO M3MEHSTIoIIelcs reocdepe.

Ta6nauua 1. Mpanunupl aucnepcuu (°C) CXoAHbIX TeMMepaTypHbIX KonebaHui, GULTPOBaHHBIX M MX ormbaloLLmx ana pas-
NNYHBIX perioHos CeBepHoro nonyluapusa

Du3uko-reorpadpuyeckuii peruoH A¢pukxa CeBepnas | EBpona | CeBepnas | Bocrounas
AMepuka A3ust A3ust
MakcumasnbHas UCXOIHBIX 39.04 248.69 181.17 408.85 154.01
MuHUMaIIbHAS UCXOTHBIX 6.46 12.32 8.94 2091 15.41
MakcumainbHasi GUIBTPOBAHHBIX 9.10 130.42 43.93 100.40 37.74
MuHnmansHas GUIBTPOBAHHBIX 0.70 1.79 0.11 5.07 3.68
MakcumarbHas OrHOaroIIx 0.17 1.42 0.98 1.43 0.34
MunuMalibHas OorubaroImx 0.01 0.07 0.06 0.14 0.08
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Climate change impacts on high-altitude geomorphological
systems

Borodavko P.S., Volkova E.S., Mel "nik M.A., Litvinov A.S.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: elevolko@yandex.ru, melnik-m-a@yandex.ru, lalex8 @mail.ru

raising the main characteristic of the Earth’s climate - global temperature. The average air temperature

has increased by 0,74 °C, since the beginning of the 20th century, and about two-thirds of this growth
has occurred since the 1980s. Each of the last three decades was warmer than the previous one. The air tem-
perature was higher than in any previous decade, since 1850. Modern climatic changes are clearly demonstrated
in all regions of the Earth. The analysis of medium-period observations showed that the average annual air
temperature in Western Mongolia increased by 2,08 °C during the period from 1940 to 2017. Climatic changes
have led to significant and irreversible changes in the spatial structure of the nival-glacial and cryogenic sys-
tems of the highlands of the Mongolian Altai, consisting in the steady reduction of glaciation and near-surface
degradation of the Alpine permafrost.

The research revealed that the climatic changes of the last centuries entailed significant and irreversible
changes in the spatial structure of the nival-glacial geosystems of the highlands of the Mongolian Altai. The
area of deglaciation total increased by 37.5 sq. km, from the time of the maximum of the Small Ice Age (about
18 sq. km in the last 50 years) on the mountain ranges of Sutai and Tsambagarav. Landscape belts moved due to
climatogenic uplifting to a height of 180-200 m in the mountain-glacial basins of the Mongolian Altai. Subgla-
cial deposits became subaerial, under the influence of a changed climatic background, in the deglaciation zone
of the ridges. The newest periglacial and limno-periglacial geosystems began to be formed on a young litho-
genic basis.

The geothermal regime of the Alpine permafrost of the Mongolian Altai modifies due to a climatogenic
transformation, which leads to an increase in the thickness of the seasonal thawing layer, which has increased
by 24% over the past 25 years. Thermokarst processes intensified in the zone of discontinuous and continuous
permafrost. The comparative analysis of polychronous spatial data shows the ubiquitous and steady increase in
the number of lakes of thermokarst genesis and the increase in their area caused by intensive subsurface thaw-
ing of ice-bearing loose sediments, within the moraine complexes of the Small Ice Age. «Mature» thermokarst
lakes are exposed to shallowing and shrinking of water areas, at lower hypsometric levels, in the belt of discon-
tinuous permafrost zone.

The Planetary climate experienced significant changes during the 20th century. Global changes consist in

BnunaHne KnnMaTnYecKmMx U3MeHEHUIN Ha BbICOKOTOpPHbIe
reoMop$0norM4eckmne CUCTeMbI

bopogasko I1.C., Bonkosa E.C., MenbHuk M.A., Jluteutos A.C.

WHCTUTYT MOHUTOPUHIA KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
E-mail: elevolko@yandex.ru, melnik-m-a@yandex.ru, lalex8@mail.ru

YETKO TPOSIBIITUCH B MTOBBIIIICHUH €r0 OCHOBHOH XapaKTePUCTUKU — CPEAHEH TeMIeparypsl KIIMMaTH-
YECKOW CUCTEMBbI 3eMJIM. YBEIMYEHUE CPEIHEH TeMIieparypbl BO3yXa C Hayaja MpOILIOro Beka o
Hacrosiee Bpems coctaBmio 0,74 °C, mpu 3TOM OCHOBHOM pOCT AaHHOTO TOKa3aTels HalmomaeTcs ¢ 1980 1.

I I J'IaHeTapHLIﬁ KJIIMMAT Ha MPOTSHHKCHUUN XX cTOJeTHsI UCIIBITHIBA 3HAUUTEIIHLHEIS HU3MCHCHUSA, KOTOPBIC
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AHanu3 TemMrepaTypHOro pexXnma Mo JeCSITUISTHUM MIEPUOoAaM MOKa3aj, 4To 3a MOCIeJHIE TPUNATh JIET Ka-
KJI0€ CIIEyIolee AECATHIETHE ObUIO Teryiee MPEAbIAYIIETO, U B 3TOT IEPHOJ TEMIIepaTypa BO31Lyxa Obuia
BEIIIIE, YeM B JII000€ TPEAIIeCTBYIONee AecsaTuieTne, HaunHas ¢ 1850 roma [1]. OTmeuaemblie B HacTosIIEe
BpEMsI KITMMAaTH4ECKNE U3MEHEHNS MacIITaOHbI, ¥ OTYETIIMBO MTPOSIBIISIFOTCS] BO BCEX PErMOHAX 36MHOTO IIapa.

BaXHOCTB ¥ 3HAUMMOCTD U3yUYEHUS KINMATHYECKUX 0COOCHHOCTEN TeppuTopry MOHroImu 00bsICHsIET-
csl, TIPEXJIE BCETO, TEM, UTO 3UMOH 371ech (hOpMHUpYyeTCs 0ONacTh MOBBIIIEHHOTO aTMOC(HEPHOTo JaBICHNUS,
OKa3BIBAIOIIAsl 3HAYUTEIIEHOE BIUSHIE Ha OOJBIITyT0 9acTh Tepputopru Cubdnpu. C 1enbio HCClIeT0BaHNs KITH-
MaTHYECKUX M3MEHCHUH Ha TepPUTOPUH 3anaaHoi MoHTonmuu 66Ut 00paboTaHb! M MPOAHAIN3UPOBAHEI ITOKA-
3arenu MexXIyHaponHoi 6a3er MmeteoganHeIx NOAA's National Centers for Enviromental information (NCEL)
[2] 3a mepuon ¢ 1958 mo 2017 rr. mo 14 MeTeocTaHIIuAM, HMEIOIINM pa3HbIe BPEMEHHBIC PSAbI HAOIIOICHIH.
AHanu3 cpeTHero/10BOH TeMIIEpaTyphl IO HCCIIEyeMbIM CTAHIIMAM MOKa3all €€ yCTOHUMBBIHM POCT, 32 HCCIeTy-
eMBIit iepuox oH coctaBun 2,3 °C; manbonpmmie 3Hauenue 3,1°C nabmomganics Ha ctannuu Hovd, pacmoso-
KEHHOH Ha CPETHEBBICOTHBIX OTMETKAX B IEHTPAJIBHON YaCTH PETHOHA.

Jpyroii BaxHbIil aclIEKT UCCIIEOBAHNS — BO3IECHCTBUE MOCIEACTBUN IPOUCXOAIINX U3MEHEHU Ha Teo-
CHCTEMBI Pa3HOTO MEPAPXUIECKOTO YpoBHsI. Tak, KIMMaTHUECKHE M3MEHEHUS MOBJIEKIIN 3@ COOOH CyIIeCTBEH-
HBIE U HEOOpaTHMbIe TpaHC(HOPMANNH B IIPOCTPAHCTBEHHON CTPYKTYpe HUBAJIbHO-IIISIIHATIBHBIX U KPUOTCH-
HBIX CUCTEM BBICOKOTOpUI MOHI0IbCKOT0 AJTasi, BBIPAKAIOLUECS B YCTOWYMBOM COKPALEHUH OJIEACHEHUS U
MIPUITOBEPXHOCTHOM AeTpagaui aJbIIMACKONH MEp3IIOTHI [ 3, 4].

[upokoe pacnpocTpaHEHNE MEP3IIBIX TOMII B TPEIETax TOPHBIX COOpy)eHni MoHTronbeckoro AnTast [5]
B 3HAYUTEIBHON Mepe 00yCIIOBIEHO €T0 reorpauuecKuM MOJIOKEHHEM 1 TOCTIOACTBOM PE3KO KOHTHHEHTAIb-
HOTO KiuMara. CpeqHerooBbIe TeMITepaTyphl BO3IyXa TOHIDKAIOTCS B OTACIBHBIX pernonax 1o -10°C, a He-
3HAUUTENIBHOE KOJIMYECTBO OCAKOB PACHPENEINCTCS IO TEPPUTOPUH KpalHe HEpaBHOMEPHO. M03andHOCTh
KIIMMAaTHYeCKUX XapaKTEPUCTUK OTPaXKaeTcs Ha CHIEHU(HUKE CBOHCTB MEP3IIBIX TPYHTOB — OT CE30HHO- 1O MHO-
TOJIETHEMEP3JIBIX, UMEIOIMINX CIUIONIHOE, TIPEPHIBUCTOE M OCTPOBHOE 3asieraHue. [IpocTpaHcTBEeHHAsI HEOTHO-
POIHOCTH T€OTEPMUIECKUX YCIOBHH MOHTOIBCKOTO AJtast 00yCIOBHIIA MIMPOKOE Pa3zHOOOpa3ue MPOLECCOB
KproMop(oreHe3a, pa3BUTHIO KOTOPBIX CIIOCOOCTBYIOT HU3KHE TEMIIEPATYPhI TPYHTOB U Pa3HUIA B MOIIIHOCTH
JESATEILHOTO CIIOS.

B npenenax nccnenoBanuelx xpedTos CyTaii n LlamOarapas B pacrpeneieHni KpHOTEHHbBIX CHCTEM ITpocIIe-
KHMBAETCS SIPKO BbIpayKeHHAs! BEICOTHAsI AU depertpanys. s OTHOCUTEIBHO XOPOIIO YBIaKHEHHBIX Y4aCTKOB
CKJIOHOB B 30HE CyOHMBAJIBHOTO MOsica, II€ TEMIIEPaTypbl MPU3EMHOTO CIIOSI BO3yXa U BEPXHUX TOPU30HTOB
TPYHTOB YacTO TEPEXO/ST Yepe3 HyJIEBYI0 OTMETKY, XapaKTepHbI (DOPMBI MOPO3HOTO BBIBETPHUBAHUS: KAMEHHBIC
POCCHIITH, TIOJIOCHI, HATOPHBIE Teppachl. Ha aHaIOrn4HBIX THIICOMETPHUYECKNX YPOBHSX, B IIPEEIaX BHIPOBHEH-
HBIX WJIM HAKJIOHHBIX (710 4°) MOBEPXHOCTEH, POSBIICTCS MOPO3HAsI COPTUPOBKA KAMEHHOTO MaTepHaia, pu
9TOM (pOPMUPYIOTCSI KAMEHHbBIE MHOTOYTOJIBHHUKH M KOJIbLIA IO 2 M B JUAMETPE, 00pa3ytoTcs MATHA-MEaIbOHBL.
KameHHBIE TOJIUTOHBI OTMEYEHBI HAMU Ha BOJIOPA3/Ieax I0ro-BOCTOYHOIO CKiI0Ha XpedTa CyTaid, CII0KEHHBIX C
TIOBEPXHOCTHU PHIXJIBIMU MIEOHUCTHIMU OTJIOKEHUSIMH C BKJIFOUEHUSIMH TPyO000IIOMOYHOTO MaTepraia.

Pe3zkue konedaHus TemMrepaTyp MpU3eMHOTO CJI0s BO3AyXa B TEUCHUE IO/ IPUBOJST K BOSHUKHOBEHHUIO B
TIOBEPXHOCTHOM CJIO€ TPYHTOB Pa3pbIBHBIX Ae(opMariiii 1 MOPO3HOMY TPEIMHOOOPA30BAHUIO, HANOOIIEE aK-
THBHO MPOTEKAIOIIEMY Ha ITOBEPXHOCTU PEUYHBIX Teppac, MOJOTUX YYaCTKOB CKJIOHOB M JTHHIIAX JIOKAJIBHBIX
Jenpeccuii. Bo3HUKAONIHe P ATOM TPEUIHMHBI UMEIOT ITyOUHY 110 2 M, TIPH IIMPUHE B BEPXHEW 9acTH 10 15
cM. Ha aHaIorn4HBIX ¢ pacTpecKnBaHNEM reoMOP(OTOTHUECKUX YPOBHSIX MTPOTEKAIOT ITPOLECCHI IMydeHust. Mx
Pa3BUTHIO COJICHCTBYET BhINaIeHUE OOJIBINIEH 4aCTH OCA/IKOB K KOHILY JIETa, YTO CIIOCOOCTBYET 3HAUUTEIILHOMY
BJIArOHACBHIIIEHUIO TTOBEPXHOCTHOTO CJIOS TPyHTa K Hadaly ce30Ha mpomep3aHus. Cpeau pasHOOOpa3HBIX
(hopM ITydeHHS BBIICITSAIOTCS CE30HHBIE (BBICOTOH /10 1 M), 1 MHOTOJIETHHE OyTPHI ITyYeHHsI BEICOTOH 10 2-3 M.

B penpede nomma xpedToB CyTaif  LlambarapaB 0T4ETIMBO COXPAHMIHCH CIEBI aKTHBU3AINH JIGTHUKOB
B Mamnyto nexnukoByto 3moxy (XVII-XIX BB.) [6], Mopdomornaeckn BeIpaXCHHBIC B BUIE KPAeBBIX MOPEHHBIX
KOMIIJIEKCOB. [J1aBHBIM MOP()OIOTHYECKUM PU3HAKOM KOMIIIIEKCOB SIBISIETCS] HAJIMYKE T'PSAAbI (PPOHTAIBHOMN
MOpEHBI, HaJIe’KHO PACcIIO3HABAEMON Ha MaTepHanax KOCMOCBEMKH, U MCIOJIb30BAHHbBIM HAMH B KaueCTBE pe-
nepa, A1l PeKOHCTPYKIMH MPOCTPAHCTBEHHBIX XapaKTEPHCTHK HHUBAJIbHO-TIISIMATBHONW 30HBI Ha TEPHOL
MJID. C yuerom 3D Tomorpaduu, B MaKCUMyM TpaHCTPECCHBHOM cTanmu MJID neTHUKOBBIE CHCTEMBI 3aHH-
mamu 16,02 km® Tepputopun CyTas u 6bUTH pacnpocTpaneHs! Ha 99,104 km® B npeaenax xpe6ra I{ambarapas.
WHBepcust HIKHEH T'paHMIBl DIAUAIBHOTO MOsICA, BBI3BAHHAS CHIDKCHHEM PETHOHAJBHBIX TEMIIEpaTyp Ha
0,6-0,8, nocturana 200 MmeTpoB. MONTHOCTH TOTMHHBIX JICTHUKOB, PEKOHCTPYHPOBAHHAS T10 THIICOMETPHHA Oe-
PETOBBIX MOPEH, B Psific TOPHO-TIECAHNKOBBIX OacceiiHoB Llambarapasa u CyTast B 1Ba pa3a PEeBOCXOMIA COB-
pemenHyro. ImobanpHas mepecTpoiika KnuMara B IocTMakcuManbHyo (asy MJID mosnekia 3a coboit mpo-
CTPAHCTBEHHYIO TPaHC(OPMALNIO HUBAIBHO-TIISIIMAIBHOTO MOsica XPeOTOB, BEIPAKEHHYIO B IIPOTPECCUPYIO-
IIEM COKpAIIEHHH Pa3MEpOB OJEACHEHMS M alNTU(TUHIE €ro HIKHUX BEpPTUKAJIBHBIX Ipenenos. K aBrycry
2015 r cymmapHas miomaas oenenenus CyTas cokparuiachk 1o 11,21 kv’, a xpe6ra I{ambarapas — 10 66,57
kM’. B nosice siemisimanyu, moji Bo3eiicTBMEM H3MEHUBILIETOCS KITMMATHIECKOTO (JOHa, CyOmIsIMaIbHbIE OT-
JIOKEHUS TIEPETIUTH B paspsi cybaspanbHbIX. Ha Momonoit TuToreHHol 0CHOBE cTainy (hOPMHUPOBATHCSI HOBEH-
1€ MePUNIHaIbHbIe CUCTeMbl. OCHOBHBIM CBOMCTBOM TAaKHX CHCTEM, C(DOPMHUPOBAHHBIX U Pa3BUBAIOIINX-

ENVIROMIS'2018

3
=
L
o.
o
=
L
=
=
<<
x
>
o
=
o
=<
=
X
]
T
>
o)
=
5
=
<<
=
ol
=
(=)
=
o
=
-]
X
X
(=)
=
=
<<
=
o.
(=]
e
==
=
=
=
=
X
=T
=]
o
o
=
[
L
=t
(=]
=
=
=<
=
=
L
o.
[
=
(5]
=
(=)
=
=<
=
=
=
i
o.
L
e
X
(=]
=
<
<<
X
=
(=]
o
<T
E
=
-
o]
=




ENVIROMIS'2018

(2]
=
Il
=
[
>
(]
=
=
=
=1
=
e
(=
[
=
[=]
=
<<
(=]
=
-
L
[=]
(=]
=
(7]
=
=
=
<
=
e
L
(7]
-]
(=]
=
=
—
]
=
=
(=]
=
=
=
[*7]
=
(=]
L
o
=
rr]
e
o]
™
=
[=]
(]
-
=1
=
=
=
<t
=
(=4
o]
=
=

SESSION 1

sl B IIpeZieNax MpuIeIHUKOBOM 30HbI XpeOToB CyTait u Llambarapas, siBisieTCs IPOCTPAHCTBEHHO-BPEMEHHAS
JMHAMHKa, CTPOTO MOAYMHEHHAS N3MEHEHHIO BHEIIHUX THIPOTepMHUUYECKHX ycaoBuid. K unciy Hanbomnee 3Ha-
YHMBIX MPOIIECCOB, MPHHUMAIOIINX yJacTHE B UX (DYHKIMOHUPOBAHUH, OTHOCATCS] TEMIIEPATypHOE BBIBETPH-
BaHME, CONUQIIOKINS, KPHOTCHHOE OTOJI3aHUE U TepMOKapcT. MccienoBaHus AMHAMUKH TEPMOKAPCTOBBIX
MIPOLIECCOB MPOBEICHBI C HCIIOJIb30BAHIEM MAaTEPHAIIOB MOJIMXPOHHON KOCMOCHEMKH M Ha3eMHBIX HaOIIoze-
HUH. AHanmuTHYeCKas 00paboTKa JAHHBIX TUCTAHIIMOHHOTO 30HAMPOBaHU 3a mepuof ¢ 1962 mo 2016 T, BBI-
nonaenHas B cpene I MAC «9BKJIu/l», moka3ana moBceMeCTHOE M YCTOHUNBOE YBEINICHNE YHCITA U TIOMIA T
03ep TEPMOKapCTOBOTO TeHEe3Nca B Mpe/esiax MOPEHHBIX KOMITJIEKCOB Majoii enHukoBoii smoxu (MJID) mac-
cuBa L{ambarapas (puc. 1). Ha 6omee HU3KHX THIICOMETPUYIECKUX YPOBHSX, B ITOSCE MPEPHIBICTOTO 3aJIeTaHUs
MHOTOJIETHEMEP3IIBIX TTOPOA, OTMEUCHA TEHICHIIUSI OOMETICHUSI M COKPAIICHUS aKBATOPUH «3PEJIBIX» TEPMO-
KapCTOBBIX BOIOEMOB, C OTHOBPEMEHHBIM IOSBICHUEM MOJIOJBIX, 32 CIET HHTEHCHBHOTO MOIMOBEPXHOCTHOTO
MIPOTANBAHUSI BBICOKOJIBANCTBIX PBIXJIBIX OTIIOKEHHH.

Puc. 1. PacnpegeneHve o3epHbIx BO4OEMOB B
npeaenax xpebTa Liambarapas.

YcnoBHble 0603HaueHus:

1 — coBpeMeHHbIe NeAHUKM,

2 — nnowlagb AernAumaumm ¢ Makcumyma MJ13,
3 — 03epHble BOLOEMbI.

ComuduokmoHHbIE 00pa30BaHuUs PACIIPOCTPAHEHBI JOCTATOYHO IIMPOKO Ha TEPPUTOPHUHU UCCIICIOBAHUS,
U IPUYPOYEHBI K HUXKHUM 4acTsAM CKJIOHOB JIOJHH B BEICOTHOM HHTepBaie oT 2400 1o 3000 M. Mx renesuc u
JIMHAMHKa CBSI3aHBI C IIUPOKUM PACHPOCTPAHEHUEM MHOTOJICTHEMEP3JIBIX PBIXJIBIX ITOPOA, I'MAPOTEpMHYEC-
CKUM PEXHMOM pErHoHa W pa3BUTHUEM PAaCTHUTEIBHOrO MOoKpoBa. Kak mpaBuiio, comuduiokunoHHble GOpMEI
BCTPEYAIOTCS TPYIIIAMH U 3aHUMAIOT BBIIYKJIbIE YYaCTKH OOPTOB JOJIMH € yIilaMu HakjioHa ot 10° no 30°. B
TUIaHEe OHHM UMEIOT BHJI (DeCTOHOB, OoJiee KpyIHbIe ()OPMBI IIPEACTaBICHbI TeppacaMu. Pasmeps! Teppac Bapbu-
PYIOT B IIMPOKUX Mpezenax: ;umHa - ot 4 1o 30 m, mupuHna ot 0,5 10 6 M 1 BeicoTo# ycTyna ot 0,5 1o 1,5-2 m.

K Gosiee BBICOKMM THIICOMETPHYECKHM YPOBHSM CKJIOHOB IPUYPOYEHBI OTKPBITHIC, HE 33JCPHOBAHHbIC
(hopMBI cOMMITIOKIIMOHHBIX 00pa30BaHUi, 3a4acTyIO C SIPKO BBIP@YKEHHBIM YCTYIIOM M3 IPYObIX 00JOMKOB. Y
OCHOBaHMsI CKJIOHOB, OOJIee IIMPOKOE PaclpoCTpaHEHHE MOIYYHIIH 33 JepPHOBaHHbIE COMH(IIIOKIIMOHHBIE Tep-
pachl 1 JIONACTH C TOCTTEHETHYECKUM Pa3BUTHEM MUKPO(OPM ITyueHHsI 1 MOPO3HOH cOpTHpOBKH. Mccnenosa-
HHE BHYTPEHHETO CTPOCHHMSI 33/IEPHOBAHHBIX COMM(IIIOKIIMOHHBIX (JOPM BBISBUIIO UKIMYHOCTH UX PA3BUTHSI.
YCTaHOBIICHO, YTO KKIBIM LIUKJI TEUEHHS TPYHTa 3aBEPIIAJICS STAIIOM TOo4BO(GOpMUpPOBaHUst. MOITHOCTB TO-
YBEHHOT'O0 FOPU30HTAa COBPEMEHHOTI'0 3Tala CBUIETEIBCTBYET 0 Oojiee JUTUTEILHOM epHoje ero (opMUpoBa-
HUSL, 110 CPAaBHEHUIO C IByMsI OoJiee IpeBHUMU. B oTiinune ot 3aiepHOBaHHBIX (POPM, OTKPHITBIE (JOPMBI KPHO-
TEHHOTO OIT0JI3aHUs 00Pa3yIOTCs 3a CUET MEPBUYHBIX IPOLIECCOB BHIMOPAKMBAHUS O0JIee KPYITHBIX 00JIOMKOB
Ha JTHEBHYIO TIOBEPXHOCTh U3 OTJIOXKEHUH C JOMUHAHTOM CYyIJIMHUCTON (ppaKiyu, ¢ MOCIeyIOMINM CMEIeHHU-
eM BHH3. OTKpBITHIE (DOPMBL, B IJIaHE UMEoIIne (GOpMY si3bIKa UMEIOT HeBbICOKHH yeryn (20-40 cM) 1 orpaHu-
yuBaroIuii ero 6oprop. Ilpu nBIKEHUH BBEpX 110 CKIIOHAM OTMEYAeTCsl UX 3aKOHOMEPHOE OMOJIa)KHBaHHE,
BBIP@KEHHOE B CBEXKECTH MOP(OIOrHYECKHUX DIIEMEHTOB M OTCYTCTBUH Ha 00JIOMKAX JIMIIAHHUKOBOTO MTOKPHI-
tusi. CoBpeMeHHbIe 00pa30BaHUsl MHOTOUYHCIICHHBI, HO 3HAYUTENIFHO YCTYIIAIOT B pa3Mepax 0ojee JPEeBHHUM.
Crennuka CTpOoSHHs MEP3JIOTHBIX ()OPM yKa3blBaeT Ha CYIECTBOBAHHE B HEJABHEM IPOLLIOM YCIOBHH,
crocoOCTByIOIMX 00JIee MHTEHCHBHOMY Pa3BUTHIO KPHOTEHHBIX ITPOLIECCOB.

OTIMYHUTENTEHOM 0COOCHHOCTBIO MEPUIVIIMAIBLHON 30HBI XpeoTa CyTail sIBIsIeTCsl OTCYTCTBHE 03€p, YTO
00BsICHIETCS TONOTPa(hUIECKUMH 0COOCHHOCTSIMU TEPPUTOPUH, ¥ 00YCIIOBICHHOH UMK MOp(oIIoTueii onese-
HEHUs: TpeodiialaHueM JICAHUKOB BUCSUETO THIIA, HE POy IUPYIONINX KOHEYHO-MOPEHHBIX KOMIUIEKCOB, CO-
37aI0LIMX ONaronpusTHbIC YCIIOBUS Uit (POPMHUPOBAHUS MPUIICIHUKOBBIX BOJOEMOB. B omnune ot mMaccuBa
Cyraii, B mosice COBpeMeHHOM Jierisiunanuu xpeora [{ambarapas, oTMeueHO osiBICHHE 1 yBEJIMYECHHUE TIIOIIA-
JIV aKBAaTOPUH 8 MPUIICIHUKOBBIX 03€p. YCTaHOBIJICHO, YTO MO/IABIISONIEE OOJIBIIMHCTBO BOZOEMOB, 00pa30BaB-
IIMXCS 32 TTOJIYBEKOBOH MEPUOJL, TPUYPOUCHBI K TIPEIIONBSIM COBPEMEHHBIX JIEJTHUKOB (MOPEHOTIOAIIPY/IHbIE 1
03epa MEKMOPEHHBIX MOHIKCHUH) 1 JISTHUKOBO-aKKYMYJIITHBHBIM KOMILIEKcaM MaJioil JIeAHUKOBOH 3II0XH
(repmokapctoBbie). [locpencTBoM reormH(OPMAIIMOHHOTO aHAJIHM3a TOJUXPOHHBIX HPOCTPAHCTBEHHBIX aH-
HBIX BBISIBJICHBI [IEPUO/IBI TIOBBIIICHHOH aKTHBHOCTH DIISIIHAJIBHOTO U TEPMOKAPCTOBOIO JINMHOTeHe3a — 1992-
1998, 2012-2016 .
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The 1190-year-old reconstruction of atmospheric
precipitation in the Muya River valley (Republic of Buryatia)
on the basis of a tree-ring chronology using semi-fossil
larch Gmelin wood

'Voronin V.., 'Oskolkov V.A., 'Buyantuev V.A., 'Moritz R.S., “Shvetsov S.G.

' Siberian Institute of Plant Physiology and Biochemistry SB RAS, Irkutsk, Russia
?Irkutsk State University, Irkutsk, Russia
E-mail: vosk@sifibr.irk.ru

quite detailed information on the dynamics of the climate of the past, in particular, the dynamics of at-
mospheric precipitations. Instrumental meteorological observations cover an insignificant period of
historical time, so there is a need to attract additional sources, for example, such as tree-rings data.

A continuous tree-ring chronology of more than 1100 years old was obtained from samples of live and
semi-fossil Gmelin larch (the age of semi-fossils trees was determined by radiocarbon dating and the dendro-
chronological method). Seven floating tree-rings chronologies of the Holocene period were created, based on
samples with a radioisotope dating, which would further extend the existing continuous chronology for the en-
tire Holocene period (Voronin et al., 2016).

To identify the climatic signal in the studied tree-ring chronology, running 20-year correlations with 30-
day moving average values of temperature and precipitation were analyzed.

Dendroclimatic analysis showed that the chronology contains a strong climatic signal. On the basis of the
most stable and strong response, a linear model of the “increment-precipitation” dependence was obtained,
which made it possible to reconstruct atmospheric moisture on the basis of the radial growth dynamics for the
period from June last year to June this year, with a determination coefficient of 0.56. According to the calculat-
ed model, a dendroclimatic reconstruction of the area of the survey was carried out from 820 to the present.

The warming of the climate in the northern hemisphere in recent years makes forecasts relevant, requiring
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SESSION 1

1190-neTHAA peKOHCTPYKUMA aTMOCPepHbIX 0CaKoB
B OonmHe pexkun Mya (Pecn. bypATtnA) Ha 0CHoBaHUK
OpeBeCHO-KO/bLEBOW XPOHOJI0MK C UCMNOSIb30BaHMEM
NonyncKonaeMon apeBecuHbl MNCTBEHHULBI MennHa

'BoponuH B.W., 'Ockonkos B.A., 'Byantyes B.A. 'Mopuu, P.C., “Ilisewos C.T.

' CMbMpCKMit MHCTUTYT puamonorum u 6roxummnm pactenni CO PAH, UpkyTck, Poccusa
? MpKyTckmii rocymapcTBenHblii yuusepcutet, MpryTck, Poccus
E-mail: vosk@sifibr.irk.ru

BBEOEHWE

[Ipy IMTENTHHOM NOTEINICHNH KIIMMara 3aKOHOMEPHO M3MEHEHHE PeXUMa aTMOC(HEepHOH LUPKYIISIHH,
YTO BEPOSITHO MOBJICUET 3a cOOOH yBEINYEHHE YaCcTOThl SKCTPEMaIbHBIX SBJICHUH, B YaCTHOCTH 3acyX. Teky-
niee MOTEIUIEHUE KJIMMaTa B CEBEPHOM IOTyIIApUU AeTaeT aKTyalbHbIMU PA3JIMYHOIO POAA MPOrHO3bI, KOTO-
pble TPeOYIOT AOCTATOYHO IMOAPOOHOIH MH(pOPMAIMU O AWHAMHUKE KiMMara npouuioro. MHcTpyMeHTanbHbIe
METEOPOJIOTHYECKHE HAOMIOICHNS OXBATHIBAIOT HE3HAYNTEIbHBIN NIEPHOJI BpDEMEHH, IOATOMY BO3HHKAET HE0O0-
XOIUMOCTb NIPHUBJICUEHHsI KOCBEHHBIX HCTOYHUKOB, B YaCTHOCTH JI€HAPOXPOHOJIOrMUecKuX AaHHbIX. Ha ceroa-
HSIIHUN IeHb CYIECTBYET JOCTATOUHO MPEACTaBUTENIbHBINA MACCUB PEKOHCTPYKIMH TEMIIEpaTyp MOCIEAHEr0
TBICSTYENICTHSI, BHITIOIHEHHBIX ISl OOLIMPHBIX TEPPUTOPHUH, TOI/IAa KaK PEKOHCTPYKLUH aTMOC(EPHOTO YBIIaX-
HEHMs WM MHJEKCa 3aCyXH BCTpEYaroTCsd He TakK 4acTo. bosiee TOro, Ha 3HAUUTENBHBIX IUIOMIAMSX TPEHIbI
TEMIIEpaTyp JOCTaTOUYHO CXOXKH, B TO BpeMsI KaK JJUHAMHKA aTMOC(EPHOT0 yBIaKHEHHSI HIMEET CyIIIeCTBEHHBIC
JIOKaJIbHBIE 0COOCHHOCTH.

PeastbHBIM MHCTPYMEHTOM ISl PEKOHCTPYKINHU KIMMaTHYECKUX (IYKTyallMii B MaciTadax CTOJIETHH U
TBICAYENIETUH SIBJISIOTCS JPEBECHO-KOIBLIEBbIE XPOHOJIOIMH, OTIMYAIOIINECS B CPABHEHUH C UHBIMU KOCBEH-
HBIMHM MCTOYHUKAMHU KIMMAaTHYeCKOH MH(GOPMAIMHU PSIOM BaXKHBIX MPEUMYILIECTB: BO-TIEPBbIX, B TOANYHBIX
KOJIBIIaX JIEPeBbEB UETKO 3apuKcrpoBana kimMmarnieckas napopmanus (Ilnsros, 1986; Baranos u ap., 1996;
Briffa et al., 1998a; Naurzbaev, Vaganov, 2000); Bo-BTOpBIX, B CEBEpHBIX IIUpoTax EBpaszuu gaepeBbst MOTyT
JIOCTHTaTh JOCTATOYHO OOJIBIIOTO BO3PAcTa, a CeTh ACHAPOKINMATHYECKUX CTAHIMH, pPABHOMEPHO pa3MeIeH-
Hast Ha oOmMpHOH TeppuTopur CHOMPH, TIO3BOJISIET MPOBOANUTH NPOCTPAHCTBEHHO-BPEMEHHbIE KIIMMaTHye-
CKHE PEKOHCTPYKIINH; U, B TPETHHUX, COXPAHUBIINECS B TOJIIE MEP3JIOTHI, B TOP(SIHBIX 3aJI€XKaX 1 aJUTIOBHAIIb-
HBIX OTJIOKEHMSX OCTAaTKU MOTHOIINX JIEPEBHEB IMO3BOJISIOT MOIYYUTh CBEPX/IUTEILHBIE APEBECHO-KOJIbIIE-
BBIC XPOHOJIOTUH JUTs Beero mepuona rojorena ([lusros, 1986; Baranos u ap., 1996, 1999; Xantemupos,
1999, 2009; Hayp3baeB, CumopoBa, Baranos, 2001; Schweingruber, Briffa, 1996; Briffa et al., 1998a,b;
Hughes et al., 1999; Boettger, Kononov, Friedrich, 2005; Biientgen et al., 2011).

B 0aiikabCKOM peruoHe J0 HACTOSIIEr0 BPEMEHHU HE YaBajoch OOHAPYKUTh MECTa 3aXOPOHEHUS MOy~
HCKOIIAeMOH JPEBECHHBI. DTOT 0OCTOSTEIBCTBO OIPAHNYMBAIO HCCIISIOBAHMS 110 CO3JJaHUIO CBEPXUIMHHBIX
JIPEBECHO-KOJIBIIEBBIX XPOHOJIOTUI U KJIMMAaTHYECKUX PEKOHCTPYKLHUH. B nocineanue roapl HaMu ObUIH ITPOBe-
JIEHbl JECHIPOXPOHOJIOTNYECKHE ncclenoBaHusa B Mylicko-KyanquHckol BrauHe, pacHoNokeHHoH B Myii-
CKOM paiione pecryonmuiku bBypsitust, kotopsiii rpannuut ¢ CeBepodaiikaabckuM pailoHoM pecnyonnku, bomaid-
O6unckuM paitonom Mpkyrckoit oonmact n Kanapckum paiionom UnTHHCKOM 00nacTy. 3/1€Ch pacnpoCcTpaHeHb
JIMCTBEHHUYHBIE U COCHOBBIE JIieca, C JOMUHUPOBAHUEM W3 JIMCTBEHHUIIBI. B OeperoBbIx oOpbIBax BBHICOKHX
MOWMEHHBIX Teppac p. Myn 00HaXal0TCsl aJUTIOBHAJIbHBIE MIECYaHble OTJIOKEHHMS, COJIepIKalle CTBOJIBI Iepe-
BBEB U ITHEBBIE TOPU30HTHI, OTHOCSIINECS K Pa3JIMYHBIM [IepHO/IaM BEpXHETO IielicroneHa u rojioneHa (Kyis-
gnnknid, 1995; Kpusonoros, 2001).

Crparurpaduyeckuii ananms moxasai, 4To HOIyHCKoIIaeMast JIpeBECHHA 0OHAPYKUBAETCSI, B OCHOBHOM, B
CJIOSIX CTAPUYHBIX OTIIOKEHUH. YUHUTBIBAs TUIPOJIOTHYECKHE XapaKTepucTHKN pekn (Pexomenpanun..., 1983)
MOXKHO II0JIarath, 4Tto ux Bo3pact cocrasisier Ooiee 2000 ner (IlIBero, Boponusn, 2016) u naxe 4000 et
(IlIBeroB, OckomnkoB, BystaTyes, 2017). Cnenpl kproreHesa (KpHoTypOarys 1 COMMQIIOKINS ), OTMEUCHHBIC Ha
TpaHMLE CTAPUYHON M TOMMEHHOW (paruii roBOPST O TOM, YTO CTAPUYHBIN AJTIOBUH OBUI 3aMOPOXKEH TIOCIIE
norpe0eHust B HeM CTBOJIOB JIEPEBbEB (BO3ZMOXKHO, YTO OTIIOKEHHE OCAJIKOB M UX 3aMOpPaKUBAHUE ITPOUCXO/IU-
JIM TIOTIEPEMEHHO B TEUEHHE JI0BOJIBHO JUTMTEIILHOTO Ieproja BpeMeHt ). CTaHOBUTCS MTOHSATHO, YTO OrpeOeH-
HBIE CTBOJIBI JIEPEBLEB TEpe]] OOHAKECHUEM HAXOAMINCh B YCIOBHAX, CHOCOOCTBYIOMINX UX JUINTEIBHOW KOH-
ceppanuu (aHa3poous u 3amopaxusanue) (L1IBeros, BoponuH, 2016). MaccoBble IENO3HUTHI TOTYUKOIIACMO
JIPEBECUHBI B aJUIIOBUANIBHBIX OTIOXKEHUSAX peku Mys B pailone CeepHoro balikana mo3BoisitoT HOIY4YHUThb
JIPEBECHO-KOJIBLIEBYIO XPOHOJIOIHIO IPAKTUUECKH HA BECh EPUOJ] FOJIOLIEHA.

Panee B uTepaTypHBIX HCTOYHHUKAX OBLIT MOKA3aH PsJl PaJHOyINIEPOAHBIX JATHPOBOK 110 JIPEBECHHE dTHX
CTBOJIOB, @ TAKXKE 10 PACTUTEIILHOMY JETPUTY U KOCTSIM >KUBOTHBIX, IEMOHCTPUPYIOLIUE BO3PACT OTIIOKEHUI
Myiicko-Kyannuackoit Bnaguns! (Kynpunnknit, 1984, 1997; Kpusonoros, 2001). B To sxe Bpemsi, mpoBoanMbIE
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B 9TOM paifoHE HCCIIEIOBAaHMSI HE UMEJH LIEJIbI0 OCTPOCHUE IPEBECHO-KOIBLIEBBIX XPOHOIOTHH. J[peBecuna
HCIIONB30BANIaCh TOJNBKO sl PAJHOyTIEPOSHOTO JaTHpoBaHMs. [103TOMy Hamm wMccienoBaHus ISl JTAHHOTO
paiioHa SBIAIOTCS YHUKAIbHBIMU.

MATEPWAJTbI U METOObI

3a geThIpe IKCIICANIIMOHHBIX MapIIpyTa B JaHHBIN paiioH (¢ 2012 mo 2015 rT.) 66110 0TOOpaHO O01ee 400
00pas3I0B MOyHCKONaeMoi apeBecuHbl 1 6oee 100 kepHOB KHUBBIX JiepeBbeB. CO0op u 00paboTka MaTepuana
TIPOU3BOIIMIINCEH TTO CTaHAapTHOH MeTomuke (Schweingruber, 1996; lusrtos u ap. 2000). M3mepenne mipuHbI
TOIMYHBIX KOJEIl MPOU3BOAMIIN C IIOMOIMIBIO MoiTyaBToMarudeckoi ycranoBkd LINTAB u nporpammuoro ma-
kera TSAP-Dos (Rinn, 1996).

YacTp 00pa3oB, IMEIOMNX OOIBIION OHOIOTHYECKHIA BO3pacT, OblIa OT/IaHa ISl paJiMON30TOITHOTO J1a-
THUPOBAHMUS, KOTOPBIC TTPOBOAMINCH B TeonornaeckoM nHcTHTyTe PAH (Mocksa), Eidgenossische Technische
Hochschule (Iropux, IlIBetinapust) n MHCTHTYyTE MOHITOPHHTA KITMMATHIECKUAX U SKOIOTHIecKuX cuctem CO
PAH (Tomck) Ob1tH TTOITy4YeHBI 23 painOU30TOIHEIC JATHPOBKH, U3 KOTOPBIX 5 - MPUXOIUTCS Ha COBPEMEHHBIN
nepuon; 4 oopasia Ha mepuox 400-600 et Hazam, 3 - 900 - 1000 m.1.; 1 - 1500 - 1900 n.H.; 1 - oko0 3 THIC.JI.H.;
2 - 5,5 TBIC.JI.H., 2 - 6,5 TBIC.JL.H.; 1 - OKOJIO 8 TBIC.JLH. U 2 - 9-9,5 ThIC.J1.LH. Ha 0cHOBaHMM 3TUX paOU30TOIN-
HBIX IaTHPOBOK OBLIM TMTOCTPOCHBI TUIABAIOIINE XPOHOIOTHH.

WunuBuyansHble JPEeBECHO-KOJIBIEBBIC CEPUH MIEPEKPECTHO JaTHPOBAINCH C TIOCIIEIYIONINM YIaICHHN-
em Tperaa (30-netTHuit craite) u aBTokoppernsyn B cpene R ¢ mpumenennem makra dplR (Bunn,2008).

J1u1s1 BBISIBTICHUS! KIIMMaTHYECKOTO CUTHANA B UCCIIEAYEMOH JIPEBECHO-KOMIBIIEBOI XPOHOJIOTHH OBIIH TIPO-
aHAJIM3UPOBAHBI cKonb3smme 20-1 JeTHHE Koppensuy ¢ 30-THEBHBIMHU CKOJB3SIIINMHI CPEAHUMHI 3HAUCHUSIMH
TeMITepaTypsl 1 aTMOC(epHBIX 0caaKoB. [JIsl 3TOTO MCTIOIb30BaHbI METEOPOIIOTHUECKIE JaHHbIE OMKanmIeit
Meteoctanmu “Takcnmo” 30356 (N56°23°, E114°50), koTopast IMeeT HEIIPEPBIBHBIN PsiI HHCTPYMEHTAb-
HBIX CyTOYHBIX HaOmoneHuit ¢ 1966 roma o Hacrosimee Bpemst. [l1st KaX0ro rojia CyTOuHbIE 3HAaYEHHS yCpe-
HSUTUCH CKOJIB3SIIIMMH OKHAMH PA3JIMYHOM UTMHEI U maroM B | nens. [lanee nomydenst 20-1 JIETHHE CKOJIB3SI-
mue koppensimu AKX ¢ ycpenHeHHBIMI METEOpOIOrnIeCKUMH TaHHBIMU. VI3MeHsIst pa3Mep OKHa ycpeaHe-
HUSI, MBI IPOAHATN3NPOBAIH CTAOMIBHOCTD M CHITYy KIIMMaTHUECKOTO OTKJIMKA BO BpeMeHH. [lanee Ha OCHOBa-
HUM HanboJiee CTaOMILHOTO M CHITBHOTO OTKJIMKA MOTyYeHA JIMHEHHAsT MOJIENb 3aBUCUMOCTH «IIPHPOCT-0CaI-
KW, TIO3BOJINBILIAS TTPOU3BECTH PEKOHCTPYKIIMIO aTMOC(EPHOTO YBIAXKHEHNS HA OCHOBAHUH TUHAMUKH PajIn-
QJIBHOTO TIPHPOCTA.

PE3YJIbTATHI

Ha ocHoBaHuM M3MepEeHUH MMPHUHBI TOANYHOTO KOJIbIIA KEPHOB KHBBIX JICPEBHEB U 00PA31I0B MOTYHCKO-
TaeMoM JIpeBECHHBI ObUIA MOyYeHa HENPEPBIBHASL JPEBECHO-KOJIBIEBAsT XPOHOJIOTHSI TIPOIOJKUTEIIBHOCTHIO
1190 ner. Takxke ObUTH IOJTyYEHBI €111 CEMb IIJIaBAIOIINX XPOHOJIOTHH ToJIoNeHa, CO3JaHHbIX HAa OCHOBE 00pa3-
1LI0B C paIMON30TONHOI narnpoBkoii (Voronin et al., 2016).

JleHnpokIMMaTHUecKUil aHaInu3 MOKa3ajl, YTO B XPOHOJIOTHH COAEPIKUTCS CUIIBHBIN KIMMAaTU4eCKUH CUT-
Haut. [TomyueHHbIe BBICOKHE KOI(P(UITMEHTHI KOPPEISIIUI MEXTy TPUPOCTOM M KITMMAaTHYE€CKUMH ITIEPEMEHHBI-
MH TTO3BOJISIIOT POBECTH KOJIMYECTBEHHYIO PEKOHCTPYKIMIO aTMOC(EPHBIX 0CAJIKOB 3a MEPHOJL C HIOHS Mpe/i-
LIECTBYIOILETO Io/1a, IO HIOHB TeKy1iero rofa (puc.1). KonTpons kauecTBa TMHEHHON MOIETH OCYIIECTBIISIICS
TIOCPEJICTBOM CKOJIB3SIIIET0 KOpPESIMOHHOro ananusa. Koapdunuent nerepmunanuu cocrasui 0.56, ypas-
HEeHHe perpeccun nmeer Bua P=/*272.10+149.02, rue / - unaekc npupocta, P - 0cagku ¢ HIOHS MPOIIOro
roja Io MIOHb Tekymiero roza. [lo paccuntanHol Mojenu Oblia BBIIONHEHA JICHIPOKINMATHYECKasi PEKOH-
CTPYKIMs yBIaKHEHU palioHa uccienoBaHuii ¢ 820 roga mo HaCTOSILEE BPeMs.

T T T

180 B840 L] 182 170 1m0 1740 1780 1780 1800 120 1840 1880 13 1900 1820 a0 1880 1820 000

Puc. 1. [leHOpoKnuMaTnyeckan peKoHCTPYKLMA yBRarHeHna Myicko-KyaHaMHCKOM KOTNOBMHBI 3@ NEPUOL C MIOHA Npea-
LUECTBYIOLLLEro roaa, no MioHb TekyLLero roaa ¢ 820 roaa no HacToALee (YepHan IMHKA), CraKeHHas 25-NeTHUM CraiHoM
(cuHAs nuuus). Mo ocu opaMHAaT 0603HaueHbI CyMMbI 0CAZKOB (MM).
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The subtropical jet stream features over the North Atlantic
Zolotov S.Yu., Ippolitov L1., Loginov S.V.

Institute of Monitoring of Climatic and Ecological Systems of SB RAS, Tomsk, Russia
E-mail: sergey-zo@yandex.ru

jet streams are located symmetrically relatively to the Equator in the latitude band 20-50 degrees latitude in

both hemispheres of our planet. This fact makes it possible to conduct a separate analysis of the northern
and southern subtropical jet streams. The wind direction in these streaks is predominantly western and the
streak width is in the range of 10-20 degrees latitude and is directly dependent on the period of the year.

Subtropical jet stream in the Northern Hemisphere is formed on the northern periphery of the subtropical
anticyclones. This jet is less mobile, but with the major transformations of its meridional position and intensity
changes. This jet stream with small changes of intensity fringes globe. Subtropical jet stream is a natural stop
near the tropopause between Hadley and Ferrel cells.

Subtropical jet stream is a narrow stream of strong wind at 150-300 hPa levels, characterized by large
vertical and horizontal wind shift and one or more maxima speed. Conventionally, the lower limit speed of the
jet stream is taken 30 m/s. The line of maximum winds within the jet streak is called the axis of the jet stream.
All further calculations and estimates have been made on the status and values of wind speeds for the axis of the
jet stream.

For the all jet stream parameter calculations were used NCEP/NCAR 1 (1958-2017), NCEP/DOE 11
(1979-2017), JRA-55 (1958-2017) and ERA-Interim (1979-2017) reanalysis data. The closed area groups of
reanalysis grid cells are distinguished for wind speeds that exceed the value of the lower limit of the speed of
the jet stream on the maps of wind fields at 150-500 hPa levels. These closed area groups of reanalysis grid
cells in the projections onto the plane of geographic coordinates for a particular level are formed into the jet
stream streaks of winds.

The direction of the wind along the axis of the jet stream determines the direction of the wind across the
streak in the vicinity of the projection grid resolution wind fields at the current level. To analyze the parameters
of the jet used by the level of 200 hPa, as it is observed maximum speed of westerly winds in the subtropics
about 35°N.

The Northern subtropical jet stream is shifting poleward in the summer 1958-2017. The summer trend of
the latitudinal location of the Northern subtropical jet stream is significant (at the 95% confidence level for all
results in this article) and is equal 0.16°+0.04° per decade and 0.23°+0.05° per decade for the Atlantic sector.
However, the Northern subtropical jet stream over the Atlantic sector is shifting to the Equator in the summer
2000-2017. There is the strong Azores High impact for subtropical jet stream over the Atlantic sector.

The all-season 1958-2017 trends of wind speed of the Northern subtropical jet stream are significant and is
equal 0.514+0.09 m/s per decade for the winter and is equal 0.18+0.04 m/s per decade for the summer. There is
the wind negative dynamics for Northern subtropical jet stream over the Atlantic sector and is equal -0.89+0.11
m/s per decade for the summer 1958-1979.

In the analysis of the wind field maps usually are the two major streaks of the jet stream winds. Subtropical
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OcobeHHOCTM NPOXOMKAEHNA Cy6TPONMYECKOro CTPYIMHOMO
TeyeHnA Hag CeBepHon ATNaHTUKOW

3onoros C.10., Unnonutos U.WU., JloruHos C.B.

WHCTUTYT MOHUTOPMHIa KNMMaTUYeCKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccus
E-mail: sergey-zo@yandex.ru

yoTpornuueckoe crpyiiHoe tedenue (CCT) cBsizaHo ¢ GpopMHpOBaHHEM B CyOTPOITUUECKOH BEepXHEH

Tponocdepe Mmoj JeHCTBHEM paJMallMOHHBIX U IUPKYJISIHOHHBIX ()aKTOPOB 30HBI MOBBIIIEHHBIX TPa-

JTUEHTOB TEeMIIepaTypsl U AaBieHHS (30HBI OapoKiIMHHOCTH). [lomokeHne 3ToH 30HBI COOTBETCTBYET
CXOJISIIIIUMCST BEPXHETPOIIOC(EPHBIM BETBSIM SIUEEK MEPHIMOHATIBHON HUPKYISIUK: Tporudeckor (Xamim) u
cpexuenmporHoit (DPeppenst). [lox neiicTBuem cui rpagauenTa qapieHus U Kopruonuca BO3HHKAET KBa3UIeo-
cTpoduueckuii 6amanc, GopMUpPYIOMIKI MOTOK BeTpa 3ama{HO-BOCTOYHOTO HAIIPABICHUS CO CKOPOCTBHIO, OTpe-
JIeNIIeMol ypaBHEHUSIMHA TEPMHUUYECKOTO BETpa.

Hapyienue reoctpopuIHOCTH B CTPYHHBIX TEUEHHSIX CBSI3aHO, TNIABHBIM 00pa3oM, € TEM, YTO OHH SIBJIsI-
IOTCSI BOTHOBOJIAMH [T PacTIpOCTPAHSAIONINXCS B HUX BoiH Poccou. Ilog cTpyifHBIMU TEUSHUAMH, OMyCKalo-
HIMHCS CyX0i BO3/1yX (POPMHUPYET Ha MOBEPXHOCTH CYOTPONUYECKHE 30HBI BHICOKOTO JABJICHHS, KOTOPHIM Ha
MaTepHKax COOTBETCTBYIOT 30HBI ITyCTHIHb.

IIpu u3yyeHnn cTpyiHBIX TEICHUH Yalle BCEro NCCISIYIOT TaKHe XapaKTePUCTHKH, KaK ITUPOTHOE TOJIO0-
KEHHE CTPYH B CKOPOCTh BeTpa Ha ee ocH. VcciienoBaHNs ATHX XapaKTepUCTHUK ITPOBOMINCH Pa3HBIMHU aBTO-
paMH Kak ¢ TIOMOIIBIO0 0a3 JaHHBIX HAOMIOCHNH U peaHaTn30B, TaK U KIIMMaTH4ecKux Mozeneii [1-4].

[ToaToMy, M3MEHYHBOCTH XapaKTEPUCTHK CTPYITHOTO TEUSHHS, B YACTHOCTH, €T0 IMHPOTHOTO MOJIOKEHUS,
B YCJIOBHSX M3MEHSIOIIErOCs KJIMMaTa MMEeT He TOJNBKO TEOPETHUYECKHUH, HO M MPAKTUYEeCKUH MHTEpeC, Mo-
CKOJIBKY CIIBUT CTPYH CBSI3aH CO CIBHTOM 30HBI OCAJIKOB, BIHUAIONINM Ha CEIbCKOE XO3IHCTBO M BOJHBIE PECyp-
CBI PETHOHOB.

B kauecTBe HCXOHBIX JaHHBIX HCIIOIb30BAIIKCH TTOJISl TEMIIEPATyphl M CKOPOCTH BETpa B Tponochepe u3
6a3 manubix peanann3oB NCEP/NCAR 1 (1958-2017 rr., cetka 2,5° na 2,5°), NCEP/DOE II (1979-2017 rr,,
cerka 2,5° Ha 2,5°), JRA-55 (1958-2017 rr., cetka 1,25° na 1,25°) u ERA-Interim (1979-2017 rr., ceTka 1° Ha
1°). AHanM3 OIMPOTHOTO TOJNIOKEHNUS U CKOPOCTH BETpa CTPyHHOTO TedeHus nmposoamics Ha ypoBHe 200 rlla,
MTOCKOJIBKY IMEHHO Ha HEM HaOII0aI0TCsl MaKCHMaJIbHBIE CKOPOCTH 3aIlaIHBIX BETPOB B BEpPXHEH Tporocdepe
cyOTponukoB. B nocnenyromux Tabnumax u pucyHkax NpUBeeHbI CPeIHIE 3HAYCHUSI pe3yJIbTaToB ATUX pea-
HaJIA30B.

Ecnu BbIOpaTh HIKHIOIO TpaHHIly ckopocTH BeTpa 30 M/C (B COOTBETCTBUU C ONpPE/EICHUEM CTPYHHOTO
TEUEeHHs), TO Ha KapTax nmojiel BeTpa Ha ypoBHe 200 rlla BEIIensSoTCs 3aMKHYThIE 00JIaCTH TYeeK CETKH peaHa-
JIN3a CO CKOPOCTSIMH BETpa, MpeBbImaronumMu 30 M/c. DT 00JaCTH B CEBEPHBIX CYOTPOTMKaX 00pa3yroT MOI0-
CBI CTPYHHBIX TCUCHHH, IMHPHUHA KOTOPBIX cocTaBisgeT 10°-20° mupoTel, a MHUPOTHOE MOJIOKEHHE 3aBUCUT OT
ce3oHa roja (puc. 1a).

Jlis pacdera MUPOTHOTO MOJIOKEHHUSI U CKOPOCTH BETPa CTPYH NMPOOIEMAaTHYHO MCTIONb30BaTh BCIO 30HY,
3aHUMACMYIO CTPYHHBIM TeueHHeM. B maHHO# paboTe [ist 3TOM Ie/IH UCTIONIb3YETCs TOHATHE OCH CTPYWHOTO
TedeHus. s ee BBISABICHUA IS KaKION TONTOTHI B IpeAesIax 30HbI CTPYHHOTO TEUCHNS HAXOANUTCS stueiika ¢
MaKCHMaJIbHOH CKOPOCTHIO TOPH3OHTAIBHOTO CKAJISIPHOTO BETPA M dTa SUYelka cunTaeTcs NMpHHAUIeKAIICH K
ocH cTpyiHoro TeueHus. Habop Takux s4ueex /i Bcex JONTOT ONpeneNnseT oCh CTpyiHOTo TeueHus. [lockonb-
Ky JUIS KaKJON sYEHKU M3BECTHBI IIMPOTHOE MOJOKEHHE U CKOPOCTh BETPa, Yepe3 MpOoIeayphl YCPEIHEHUS
OTIPENIeNAIOTCS XapaKTePUCTUKN CTPYHHOTO TEUSHUS KaK IS OTJCIFHOTO ATIAHTHYECKOTO CEKTOPa, TaK | IS
CeBepHOro mojyIapus B mejiom (puc. 1b).

[TomyueHHbIe TaKUM 00pa30M PSAIBI CPETHETONOBBIX M CE30HHBIX 3HAYCHUH MIMPOTHOTO MOJIOKEHUS OCH
CTPYHHOTO TEUSHHSI M CKOPOCTH BETpa aHAIM3UPOBAIHCH KaK B 1iesioM Jijist mHTepBana 1958-2017 rr., Tak u B
nonetaTepBaiax 1958-1979 rr., 1979-2000 rr. m 2000-2017 rT., OTBEUAIONMIUX AH30]]aM MTOXOJIOAaHUS, TIOTe-
TJICHUSI ¥ CTaOMIIM3aIuH ITI00aIhbHOM TIOBEPXHOCTHOM TeMIepaTyphl. TemrepaTypHbIii pexUM B BEpXHEH Tpo-
nocepe onpeaessics MyTeM pacyeTa CPEJIHEr0I0BbIX U CE30HHBIX TEMIIEPATyp, YCPEIHEHHBIX 110 IUPOTHBIM
3oHaM 0° - 30° c.u1., 30° - 60° c.1m1. 1 Mo BepTUKaIbHBIM ypoBHM 400, 300, 250 u 200 rlla.

JlomonHUTENbHO, IS pacdeTa JOKATbHBIX XapaKTepUCTUK OCH CTPYHHOTO TEUCHHSI HaMU ObUI BBIICICH
60-TH TpalyCHBII MepUINOHAIBHBIN ATnanTiudeckuid cekrop (60° 3.1. - 0° 3.1), Ha3BaHHbI 110 ero reorpadu-
YECKOMY PacIioOKEHHIO.

KonmuecTBeHHBIE JaHHBIC O TPEHAAX IIMPOTHOTO MOJIOKEHUS OCH CTPYHHOTO TEUEHHUS U CKOPOCTH BETpa
MoMeIeHbl B Tabnwuiie 1. Dta Tabmuia noka3piBaeT JaHHBIE O TPEHIaX MUPOTH U CKOPOCTH CTPYHHOTO Teue-
HUSI, YCPEIHEHHBIX M0 KPYTY MIUPOTHI AT BCEX MEPHIMAHOB, a TAKXKE OTIACIBHO I ATIAHTUYECKOTO CEeKTO-
pa. B Tabnure | mogokuTeNbHbIe TPEH B IIHPOTHOTO MOJIOKEHHSI CTPYH O3HAYAIOT €€ CMEIIEHHUE K MOJIOCY, a
OTpHIATEeNbHBIC - K KBaTOpy. I10M0KHUTETBHBIE M OTPUIIATEIbHBIC TPEH Bl CKOPOCTH BETpa O3HAYAIOT yCHIIe-
HHUE U 0ClabJeHne MHTEHCUBHOCTH CTPYH.


mailto:sergey-zo%40yandex.ru?subject=

W3 Tabmuier | cremyert, 9To B IETHHUI CE30H /IS BCETO BpeMeHHOTo uHTepBaia 1958-2017 . umerot me-
CTO CTaTUCTHUYECKH 3HAUMMBbIE TPEH/IbI CMEIEHNSI CTPYHHOTO TeUeHHUs K TOItocy. B 3uMHNI ce30H 3HaYMMBIX
M3MEHEHHH B IMPOTHOM IOJIOKEHHH HE BBISIBIICHO, XOTSI B IEPUO/IBI TOTETICHNUS 1 CTAOMIN3aIMN [T00aIbHOM
TEeMITEpaTypbl OTMEYAETCSI HE3HAUNMas! TCH/ICHIHSI CMEIIEHHS CTPYH K MOJIOCY.

W3 Tabnuiel | MOXXHO BBIIETUTH OCOOCHHOCTD MOBEICHHS CTPYIHOTO TeUeHHs B ATIaHTHYECKOM CEKTO-
pe, KOTOpOe B OT/ICNIbHBIC BPEMEHHBIC MOIBIHTEPBAIIBI BEIPAYKACTCS B HAJTUYUN PACCOITIACOBAHHBIX TEHICHIMN
IO CPAaBHEHHMIO C TEHACHIMAMH TTOJIOKEHHUS 10 Bcel cTpye. B wactHOoCTH, B neTHnit ce3oH 2000-2017 1T ock
CTPYHHOTO TEUEHHMS 3HAUMMO CMEIIAETCS K 9KBATOPY B 3TOM CEKTOPE.

OpnHOM U3 IPUYUH TAKOTO MTOBEACHUS CyOTPOIMYECKOTO CTPYHHOTO TeueHust B CeBEepHOM MOTyIIapiy B
ATIaHTHYECKOM CEKTOpPE SIBISICTCS B MPOSBICHUM BIUSHHUA A30pCKOTO aHTHUIMKIOHA. [IryOokwmii A3opckuit
AHTHUIMKIIOH JIOCTUTAET TPOIIOIAy3bl, YTO MPUBOAUT K CIydasM PACIICIUICHNS CTPYHHOTO TEUEHUs C TOCIETy-
IOIIMM OOpaTHBIM CIIUSIHHEM 000uX BeTBell. Puc. 2 MoKa3bIBacT JaHHOE PACILEIICHUE Ha TPUMEPE OJHUX Cy-
TOK, @ Ha pUCYHKe | MOXXHO HaOIIONaTh MPOSIBICHUE JaHHOTO 3 (deKTa 3a MPOIOKUTEIFHBINA TPOMEKYTOK
BpPEMEHH.

CKOpOCTh BETpa HAa OCH CTPYHHOTO TEUEHHS B 3UMHMI CE30H CTATUCTUYECKU 3HAUMMO BO3PAcTaeT IS
BCEro BPEMEHHOT0 MHTEpBaia. B JeTHHIT ce30H CKOPOCTh BETpa CTATUCTUIECKN 3HAYNMO BO3PACTAET BO BCEM
BPEMEHHOM HMHTEpBaje, MPHIeM 0C000 3Ta TCHIACHINS BRIpakeHa B moabIHTepBaie 1958-1979 rr. mis Bcero
cTpyiHoro teuerns. OmHako, IMEHHO B rofasiHTepBaie 1958-1979 rr. ckopocTh BeTpa 3HAUNMO CHIKACTCS B
ATITaHTHYECKOM CEKTOpE.

Jliist nccne1oBaHMs 3aBUCMMOCTH CKOPOCTH CTPYHHOTO TEUEHHsSI OT TEMIIEpaTyphl B BEpXHEH Tpornochepe
MIPUMEHUM CIEIYIOIUHI Moaxoa. B xauecTBe Mepsl MEpHIMOHAIBHOTO TPaJMEHTa TEMIIEPaTypsl B 00IacTH
(hopMHEpOBaHUS CTPYWHOTO TEUCHHS MBI BHIOMpAaeM Pa3sHOCTh TEMIIEPATyp, YCPEIHEHHBIX Mo ypoBHIM 400,
300, 250 u 200 rlla u mo mupoTHBIM Kpyram 0° c.m1. - 30° c.imr. u 30° c.mm. - 60° c..

Koahdpumments! muueiHO# Koppenaunu (1o [Inpcory) Mex 1y BpeMEeHHBIMH PsiIaMi Pa3HOCTH TeMIIepa-
TYP ¥ CKOPOCTBIO BETpa Ha OCH CTPYHHOTO TE€USHHUS B ICTHUN ¥ 3MMHHI CE€30HBI TPUBEACHHI B Ta0muIe 2. BoI-
COKHE TIOJIOKUTENBHBIC CTATUCTUIECKN 3HAYMMBbIE KOPPEISAIUN (0COOEHHO Ul 3UMHETO CE30Ha) MO3BOJISTIOT
YTBEPXK/aTh, YTO YBEJINUYEHNE HHTCHCUBHOCTH CEBEPHOM CyOTPONMUYECKON CTPYH BBI3BAHO YBEIMUCHHUEM Me-
PHUIHOHATBHOTO TPAANEHTA TEMIIEPATYPHI.

W3 npuBeieHHBIX B pabOTE pe3yabTaToB CIEAYET, YTO Hanbosee BhIPa)KEHHBIMU MPU3HAKAMH H3MEHUHBO-
CTH CyOTPOITHUYECKOTO CTPyHHOTo TeueHHst CeBEpHOTO MOIyIIapys ABISAIOTCS CMEIIEHHE CTPYH K IOJTIOCY U €€
ycnnenue. OfHaKo, UMEETCs BIUSIHAE MOIIHOTO A30pCKOTO aHTHIIUKIJIOHA HA 3TOT MPOLECC B ATIIAHTUIECKOM
CEKTOpE.

Tabnuua 1. TpeHbl pAAOB LWMPOTHOIO MOSIOMEHMA U CKOPOCTU BETPA OCK CEBEPHOIO CTPYMHOro TeueHus (CCT).
3HaumMble Ha ypoBHe 95% BeNIMUMHBI BbiAENEHbI FUPHBIM LUPUGTOM.

Y —— ATJIaHTHYeCKHIi ceKTop
y pHa (60° 3.1 — 0° 3.1.)
Ceson Bpemennoii
nepuoa TpeH 1 MOJT0KEHHST TpeH cKopocTH TpeH 1 MOT0KEeHHST Tpenn ckopoct
CCT, °c.ur. 3a 10 mer | CCT, m/c 3a 10 et | CCT, °c.ur. 3a 10 ner | CCT, m/c 3a 10 ner

1958-2017 0.09 0.51 -0.06 0.51
1958-1979 0.20 0.34 -0.28 0.89

3uma
1979-2000 0.45 0.22 0.22 0.24
2000-2017 0.30 0.46 0.19 1.48
1958-2017 0.16 0.18 0.23 0.35
1958-1979 0.14 0.88 0.90 -0.89

Jlero
1979-2000 0.52 -0.15 -0.03 0.72
2000-2017 -0.28 0.35 -1.33 0.89

Tabnuua 2. KoadppuumeHTbl KoppenaLmMmu Mexay pAfaMm CKopocTu ceBepHOro cTpyiiHoro Tevenns (CCT) u pasHocTbio
Mery TeMnepaTypHbiMM 3o0Hamm 0°-30° 1 30°-60° c.w. Bce 3Ha4eHMA Ha ypoBHe 95% ABNAOTCA 3HAYMMBIMM.

Ceson 1958-2017 rr. 1958-1979 rr. 1979-2000 rr. 2000-2017 rr.
3uma 0.72 0.66 0.77 0.72
Jleto 0.38 0.30 0.53 0.51

ENVIROMIS'2018

3
=
)
o.
o
=
L
=/
2
<<
x
>
o.
=
(=]
=<
=
X
]
T
>
o)
=
5
=
<<
=
ol
=
(=)
=
o
=
-
==
X
(=)
=
=
<<
=
o.
(=]
e
==
=
=
=
=
X
=T
=]
o
o
=
[—
L
=t
(=]
=
=
=<
=
=
L
o.
[
=
(5]
=
(=)
=
=<
=
=
=
L
o.
L
e
X
(=]
=
<
<<
==
=
(=]
o
<T
E
=
-
o]
=




ENVIROMIS'2018

(2]
=
i
—_
1%
>=
(]
=
=
=
<<
=
e
o
e
=
(=]
=
<<
(L]
=
|
e
=]
=]
=
(7]
=
=
=
<
=
e
v
7]
-]
(=]
=
o
—
o)
=
=
(=]
=
>
=
i
=
=]
L
o
=
i
e
v
e
=
=]
(]
-
=
=
=)
=
=<
=
(=4
o)
-
=

SESSION 1

a) b) - f
= Ty & -
00 VY e
AL
.
1A - ?.\. -'.“ -,
oy
W L g g
s o ‘*-“ ~) ‘:}_‘_ o4
LRI < - ong
F v _',3 = . ¥ ]
™ J‘;N'{“‘ ('." .r-‘-f‘\t. P
w18 vy o i 2L | o rf?,'v s
r.“\" L ‘. :"f‘"‘."-'
w o AV ol A T
¥ -
<A K . -y
. w L NN AT b N -
4 P < \ B Agf-, O «
0s b ] 7 L A 29
. . .L'—}"‘*;i‘”'- KA ©
w2 Y S ':_}‘ - ‘}f L o
] et v R S
¥ b2 A AATT AT e
M t\ R e T P s, \ ] (TR
.n.l ; ‘;. i P : .I“ ™ “;ua
N " )
¥
L g L

Puc. 1. 3oHa (a) v ocb (b) ceBepHoro cTpyiHoro TeueHns B 3uMHMiA ce3oH 2000-2017 rr. CKopocTb BeTpa BblpareHa B M/C.

a)
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> 203-244m's

» 16,2-203 m's

> 12,1-16,2 m's

> 10,0-12,1 m's

» B6 4945 m's

> 70,3-86,4 m's

> §4.2-.703 m's

> 380842 m's

> 30,0-38,1 m's

Puc. 2. CkopocTb BeTpa (B M/C) M BbicoTa reonoTeHLMana (B renoTeHUManbHbIx MeTpax) 3a 17 aneapa 2012 r. Ha puc. 2a
npepcTasneH yposeHb 1000 rfla, a Ha puc. 2b — yposenb 200 rlla.
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Interannual variations of the amplitude of narrowband
signals of radio stations and radio frequencies of the VLF
range registered in Yakutsk in 2009-2017

Korsakov A.A., Kozlov V.l., Tarabukina L.D.

Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
E-mail: korsakovaa@ikfia.ysn.ru

small attenuation of ~ 0.3 dB / 1000 km in the Earth-ionosphere waveguide [1]. The main natural

ource of VLF radio emission are lightning discharges [2]. For investigation variations of the intensity

of distant lightning sources from the VLF radio noise registration, it is necessary to take into account the propa-
gation conditions of the signal.

In Yakutsk since 2009, amplitude-phase variations in the signals of the Alfa navigation system are record-
ed. The intensity of the radio noise in the band 372 Hz is recorded [3]. The function of VLF propagation in the
Asian region obtained from the amplitudes of radio stations Novosibirsk and Khabarovsk. Interannual varia-
tions in the amplitude of radio stations 2009-2017 correspond to changes in the 11-year solar cycle activity [4,
5]. The main source of VLF radio noise in summer is local thunderstorm activity. The main source in the winter
is thunderstorms of northern India and China [6]. Subtracting from the recorded variations in the intensity of
the radio noise the values of the amplitude of the radio stations signals in dB we obtain variations in the inten-
sity of the radio noise with allowance for the propagation function. It should be noted the increase in 2009-2017
the intensity of thunderstorm sources of radio noise especially in summer (local thunderstorm activity - North-
ern Asia). The intensity increase: 4 dB (3-7 UT) and 1.6 dB (16-17 UT). According to World Network of
Lightning Localization (WWLLN) [7], there is also an increase in the total amount of lightning discharges both
for North Asia (40-80 N, 60-180 E) in the summer by 5 dB, and for South Asia (northern India (17-36 N, 68-94
E) and Southern China (10-33 N, 94-126 E)) in winter by 2.3 dB.

Kldio signals of very low frequency range (VLF: 3-30 kHz) can propagate over long distances with a

References:

1. Barr R, Jones D.L., Rodger C.J. ELF and VLF radio waves. J Atmos Solar Terr Phys. 2000. 62 (17—
18):1689-1718.

2. Aleksandrov M.S., Issledovanie atmosfernykh radiopomekh ONCh- i NCh-diapazonov i ikh istoch-
nikov (The study of atmospheric interference VLF and LF bands and their sources), Uspekhi sovre-
mennoi radioelektroniki, 1998, No. 10, pp. 3-25. (in Russian).

3. Karimov R.R., Kozlov V.I., Korsakov A.A., Mullayarov V.A., Mel chinov V.P, Variatsii parametrov
signalov radionavigatsionnykh stantsii, registriruemykh v Yakutske v diapazone ochen’ nizkikh chas-
tot (Variations of very low frequency signal parameters of radio navigation stations, registrated in
Yakutsk), Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa, 2012, Vol. 9, No.
4, pp. 57-62. (in Russian).

4. U.S. Dept. of Commerce, NOAA, Space Weather Prediction Center (SWPC). URL: http://www.swpc.
noaa.gov/products/solar-cycle-progression.

5. Thomson N.R., Clilverd M.A. Solar cycle changes in daytime VLF subionospheric attenuation //
Journal of Atmospheric and Solar-Terrestrial Physics. 2000. V. 62. Issue 7. P. 601-608.

6. Kozlov VI., Mullayarov V.A., Vasil’ev A.E. Uzkosektornaya pelengatsiya istochnikov shumovogo
ONCh izlucheniya // Izvestiya vuzov. Radiofizika. 2000. T.43. Nell. S. 954-957. (in Russian).

7. Relative detection efficiency of the World Wide Lightning Location Network / M.L. Hutchins, R.H.
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10.1029/2012RS005049.
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SESSION 1

Mexrogosble Bapaumm aMrimtyabl Y3KOMos10CHbIX
CUrHanoBs paguoctaHumm n paguowymMos OHY gomnanasoHa
pernctpupyemMslx B Akytcke 2009-2017 rr.

Kopcakos A.A., Ko3nos B.W., Tapabykuna J1.[.

WUHcTuTyT KocModmanyeckux uccnepoBaHuii u aapoHomun CO PAH, AryTck, Poccus
E-mail: korsakovaa®@ikfia.ysn.ru

aMOCUTHANIBI Juana3oHa odeHb Hu3kux yactor (OHY: 3-30 k') crocoOHBI pacpoCTpaHsAThCS Ha

Oouiblne paccTosiHust ¢ MauibiM 3aTyxanueM ~ 0,3 15/1000 kM B BOJTHOBO/IE HU)KHEW MPaHUIEH KOTOPOTO

SIBJISIFOTCSI BOJIHASI MJIM 3€MHAsl IOBEPXHOCTH, @ BEPXHEH IpaHUIeH CIY)KUT HIDKHsISI HoHOChepa (IHeM -
obnacte D: BbicoThI 65-80 kM, HOUbIO — oOnacth E: 90-110 kM) [1]. Takas 0cOOEHHOCTh pacIpOCTPaHEHUsI
MO3BOJISIET MPOBOAMTH JUCTAHIIMOHHBIH MOHHTOPHUHI TPO30BOM aKTHBHOCTH, TIIOCKOJIBKY OCHOBHBIM
npupoaHsM uctouHnkoM OHY panmonsmydyeHus sIBISIOTCS TPO30BBIE pa3psbl. BeiiessioTcs UMITynbCcHas
(armocdepuxn) 1 (QuyKTyaroHHas (epeKpbIBAIOIIUECS PAIHMOUMITYIIBChI) COCTABIISIONIME PaAUOLTyMOB [2].
[Ipu uccnenoBaHuy Bapralnii MHTEHCHBHOCTH YIaJICHHBIX TPO30BBIX HCTOYHHUKOB 1O peructpupyeMbiM OHY
panuonrymMam, HEOOXOIUMO YYHTHIBATH YCIIOBHUSI PACIpPOCTPAHEHUS, MMEIOIIUE CYyTOYHBIC, CE30HHBIE U
MEXI0/I0Bble 0COOEHHOCTH. HeoHO3HAYHOCTh MOXKHO YCTPAHUTh MPU OJHOBPEMEHHOM IPUEME CO CXOMKHX
HanpasineHuii OHY curnanoB HaBUTAIIMOHHBIX PaUOCTAHIINM.

B 1. SIxyTcke ¢ 2009 roga mpakTHYECKH B HEIPEPHIBHOM PEXKHUME IPOBOIUTCS PETHUCTPALNS AMIUIUTYIHO-
(ha3oBBIX Bapualii CUrHaIOB PaguoTexHuueckoi cucteMbl ganpHei HaBuraiuu PCIIH-20 («Anbday). Cran-
UM U3ITYy4YaloT PaJHOUMITYIbCHI Ha 9acToTax 11,9, 12,6 u 14,9 k't B mpoMexkyTkax MeXIy paInOUMITyIbCaMU
PCJIH-20 Ha Tex ke yacToTax perucTpUpyeTcst HHTEHCUBHOCTH paauoiryma B monoce 372 'y [3].

Oynkiuio pacrpoctpaneHnst OHY curnanos B a3MaTCKOM perHoHe MPECTaBUM B BHJIE CPETHETCOMETPH-
YEeCKOTo 3HaYCHU aMIunTyn ctanuuid HoBocubupck n Xabaposck. IIporsmkeHHOCTH paguorpaccsl HoBocu-
oupck — Skyrck cocrasisier 2640 kM, a Xabapock — Skytck — 1400 kM. /ITHEBHBIM yCIOBHSIM pacipocTpaHe-
nHust OHY curnana Ha yka3aHHBIX paguoTpaccax coorBercTByeT uaTepnai 3-7 UT, a HounsiM — 16-17 UT. Ba-
puamus aMIUTMTYAbl CUTHAJIOB paanocTaHIui Ha dactore 14,9 xI'm, npuHuMaeMbIX B SIKyTCKe B JIETHUH U
sumHHU# nepuoast 2009-2017 rr npeacrasneHa Ha puc. 1.

Jevo 2009-2017 rr aMnARTYIA CHIHAI0B Buvia 2009-2017 rv aMmimmia cirHaion

paanocramumii 14,9 kl'n m paamocramumii 14,9 kl'n
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Puc. 1. Baprauuma aMnauTyabl CUrHanoB paguocTaHumii Ha YactoTe 14,9 KI'y, npuHMMaeMbix B AAKYTCKe B NETHUM U 3MMHWN
nepuoabl 2009-2017 rr

Crnemyer OTMETHTH, YTO MEKTOAOBBIC BapUAIH aMIUTUTY/AB! PAIHOCTAHIINN COOTBETCTBYIOT H3MCHEHHUIO
B 24-M MMKJIe COTHEYHOUW akTUBHOCTH. B netnmii nepuon: 1,3+0,7 nb (mens), 1,5+0,7 n1b (Houb); B 3UMHMIA
nepuon: 7+2ab (nens), 6+1,5 nb (Houp). MakcumyMm comueuHo#t aktuBHOCTH (MHAEKC F10.7) cooTBeTCTBYET
2014-2015 rr, Taxoke Beaensiercs muk B 2012 roxy [4]. [TomyueHHbIe JaHHBIE HAXOAATCS B COOTBETCTBHH C Pa-
60To0i1 [5] B KOTOPOH yKa3bIBaeTCSA, 9TO B MAKCHMyME COJTHEYHOI aKTHBHOCTH YPOBEHB CHTHAJIOB PaJINOCTAH-
U, PETUCTPUPYEMBIX B MOJIACHD HA HU3KHUX M CPETHUX IUPOTAX IS MPOTSHKEHHBIX PAIHOTPACC, TepeceKa-
FoITHX KBaTop, npuMepHo Ha 0,3 + 0,1 15/1000 kM GombIre, Y4eM B MUHIMYME.

Bapunanns naTeHCHBHOCTH pagumomryma Ha dactote 14,9 kIt (B momoce 372 '), peructpupyeMoro B
SIxyTrcke B netHui 1 3uMHIHA iepuoast 2009-2017 T mpeacTasieHa Ha puc. 2.
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Puc. 2. Bapnauma MHTeHCMBHOCTM paaumoLuyMa B nonoce 372 'y Ha YactoTe 14,9 KI'w, pernctpupyemoro B AKyTCKe B NeT-
HUIM 1 3uMHUIA nepuogbl 2009-2017 rr

OcuoBHbIM ucTouHNKOM OHY pagmomryma B JETHUH TEpHO] SBISETCS MECTHAs TPO30Basi aKTHBHOCTb.
OCHOBHOW HCTOYHUK 3UMOH — Tpo3bl ceBepHoi Mumun u Kuras. 16-17 UT cooTBeTCTBYET HOYHOMY yMEHBIIIe-
Huto 3aryxanus OHY mpu pactipocTpaHeHUH B BOTHOBOAE 3eMitst — noHOCc(hepa. B nueBHoM naTepBan 3 —7 UT
HaOJII0/1aeTCs MUHUMYM BO BCE CE30HBI, CBSA3aHHBIM C TIOHMKXEHHOM TPO30BOH aKTUBHOCTBIO A3HM U MaKCH-
MaJBHBIM 3aTyXaHHEM TIPH pacrpocTpaHeHnu [6]. CiemyeT OTMETHTB, 9TO pamuoTpaccy HoBocmOmpek —
SIKyTCK MOKHO CUMTATh YacThIO TPACCHI PACIIPOCTPAHEHHS TPO30BBIX PAAMOCUTHAIOB OT ceBepHON MHanu no
SxyTcka. CUrHamsl paanocTaHInyu Xa0apoBCK MPUHUMAIOTCS B SIKyTCKe ¢ OIM3KOTO HAITPABJICHUS, YTO U pa-
auotrymbl rpo3 FOxuoro Knrast.

) Jlevo 2009-2007 1y murencHBnoct k. PAInomy S ) Susan 2009-2007 1y o TencuBNOCTE PALROETY M
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Puc. 3. Bapnauusa uHTeHCMBHOCTM pagmolLyMa Ha vacToTe 14,9 Kl (B nonoce 372 I'y), peructpupyemoro B fIKyTcKe B neT-
HWUI 1 3uMHKUIA Neprogbl 2009-2017 rr ¢ yyeToM dYHKLMM pacnpocTpaHeHua

Bbrunras U3 perucTpupyeMbix Bapualnuii MHTEHCHUBHOCTH PaJMONIyMa 3HAYECHUs aMIUIUTY/Ibl CUTHAJIOB
palUOCTaHIIMMA, TOTYYUM BapHallMi HHTEHCUBHOCTH paIiollyMa ¢ y4eToM (DYHKIMU pacrpocTpaHeHus (puc.
3). Caenyet otmetuTh Hapactanue B 2009-2017 rr. ”HTEHCUBHOCTH TPO30BBIX HCTOYHUKOB PaJHOIIyMa OCO-
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Puc. 4. CymMapHoe Konm4ecTBO pa3pAgoB No TeppUTOpUm Puc. 5. CymmapHoe KonnuecTso pa3psgos (16-17UT) no
CeepHoit Asuu (40-80 c.ww., 60-180 B.4.) 33 TpU NETHUX TeppuTopuu BYX permoHoB [0xow Asum: ceBepHas MHama
MecAua. (17-36 c.1w., 68-94 B.4.) 1 103HBIN KuTan (10-33 c.ww., 94-

126 B.1.) 32 TPY 3UMHKX MecALa.
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SESSION 1

OeHHO B JIETHHUH nepro] (MECTHas Tpo3oBasi akTuBHOCTh — CeBepHast A3us). HapacTanne HHTEHCHBHOCTH CO-
craBuno: 4 n1b (3-7 UT) u 1,6 nb (16-17 UT).

CyMMapHOe KOITH4YeCcTBO pa3psios mo Tepputopun Ceseproit Azun (40-80 c.mr., 60-180 B.11.) 3a Tpu n1eT-
HUX MecsIa MPEACTaBIeHO Ha pHc. 4 o qaHHEIM MupoBoi# cetn okanmnzanuu monuuii (WWLLN) [7], onua
13 MYHKTOB ycTaHOBJEH B T. SIkyTcke B @TU CBDY. Cymmapnoe kommdecTBo paspsinos (16-17UT) mo Teppu-
Topuu AByX pernoHos fOsxoi Azun: cesepras Uuans (17-36 c.mr., 68-94 B.1.) u FOxnsrit Kuraii (10-33 c.m.,
94-126 B.11.) 32 TpH 3UMHHX MecsI[a MPEACTABICHO Ha pPHC. 5.

ITo nansabM cett WWLLN Takke oTMedaeTcs pocT CyMMapHOTO KOJIMYECTBA ITPO30BBIX Pa3psiIOB Kak B
Cesepnoit Aznn (40-80 c.m1., 60-180 B.11.) terom Ha 5 1b, Tak u B FOxHOM A3un 3umoii Ha 2,3 1b.

Paboma evinonnena npu wacmuunou urarcosol noodepcke Munucmepcmea 0dpazo8aHust u HayKu
Poccutickoiit @edepayuu 6100cemnoti memot 11.16.2. 1. (Homep cocpecucmpayuu Ne AAAA-
Al7-117021450059-3), Ilpocpammuvl KOMNAEKCHBIX HAYYHBIX Uccredosanuti 8 Pecnyonuxe Caxa (Axymus)
u PODOU Ne 18-35-00215 mon_a.
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Regional features of the main climate-forming factors
contribution to the variability of the temperature regime
over the Asian territory of Russia in the beginning

of the 21st century

Loginov S.V., Kharyutkina E.V., Usova E.I.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: kh_ev@mail2000.ru

ning of XXI century in different regions of the globe. Along with the cooling in mid-latitudes there is a

temperature increase over the arctic seaside of Eurasia [1-3]. Among the main factors, which can change
heat flux, incoming to the region, heat content, greenhouse gases concentration and radiative balance at the top
of atmosphere can be distinguished.

The investigation in variability of climate-forming factors was carried out for the Asian territory of Russia
(ATR) and its separate regions using modern CFSR [4] and ERA-Interim [5] reanalyses databases.

Regional features of the main climate-forming factors contribution to temperature regime variability over
the ATR for the period of 2003-2012 were revealed. It was established, that radiative forcing of greenhouse
gases prevails in spring in West Siberia (up to 40%), in winter and in autumn - in East Siberia (up to 50%) and
also in autumn — over Far East (up to 60%). The contribution of advective heat flux (up to 33%) exceeds that of
radiative forcing of greenhouse gases in winter and in summer in West Siberia and in winter over Far East
(33%).

The main feature of modern climate change is the change in the warming rate, observed from the begin-
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The obtained results revealed regional and seasonal peculiarities of global warming mechanisms, which
are necessary for monitoring and modeling of regional climate change.

The work is partially supported by RFBR, according to the research project No.16-35-60088 mol_a_dk.
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PervoHanbHble ocobeHHOCTU BK1aga OCHOBHbIX
KIMMaTo0bpasyoLLmMX GaKTOPOB B MI3MEHYMBOCTb
TeMnepaTypHoro pexxnma Asmatckon tepputopum Poccun
B Hayase XXI| BeKa

Norunos C.B., Xapiotkuna E.B., Ycosa E.U.

MHCTUTYT MOHMTOPUHIa KNUMaTUYeCKUX U 3Konornyeckux cuctem CO PAH, Tomck, Poccua
E-mail: kh_ev@mail2000.ru

maemoe ¢ 2000 rofa B pa3nUYHBIX perHOHAX 3€MHOTO mmapa. I[pumMepoM TOro MOXeT CIy)KUTh 3aMe/I-
JICHWE TEMIIOB MOTEIUICHHS B CPEeAHUX IUpoTax EBpasnu, a B psae pernoHoB, Hanpumep, B Cubupu
HaOIIoaeTCs MOXoIoaHne B 3uMHIN epuon [1,2]. OqHOBpeMeHHO, OTMEUaeTCst POCT TeMIIepaTyphl Ha ap-
kTugeckoM nmodepexbe EBpaszun [3]. [loHnMaHMe HCTHHHBIX TPUYXH TII00ATBHOTO MOTEIUICHHUS TpedyeT mpo-
BEJICHUS MCCIEOBAHIHI PETHOHAIBHBIX KIIMMATOB C YU9ETOM BO3ACHCTBHS PAa3IMYHBIX KIMMAaTOOOpa3yIOUIIX
(hakTopoB. B yCIOBHSX MPOUCXOASAIINX M3MEHCHHH TI00ATBHOTO KJMMaTa OONBIION MHTEPEC MPEACTABISICT
co00if ucciaenoBanue KIMMATO00pa3yonX (GakTOpPOB, BIMSIONINX Ha M3MEHEHHsS IIPUTOKA TEIIa, TIOCTYIIak0-
iero Ha TeppuTopuio. Cpean OCHOBHBIX (PAKTOPOB MOYKHO BBIJICIUTH TEIUIOCOACP)KaHNE OKeaHa, KOHIIGHTPa-
11 TAPHUKOBBIX TA30B U paIMaIlOHHbIN OaaHC Ha BEpXHEH TpaHUIe aTMOC(EpHI.
HccnenoBanns N3MEHUYNBOCTH KIIMMATO0OPa3yIOMINX (PaKTOPOB MPOBOAMIIOCH MO TaHHBIM COBPEMEHHBIX
peanam3oB CFSR [4] u ERA-Interim [5] 3a mepuon 1979-2016 rr.
ITo pe3ynapraTaM aHajIH3a H3MEHUYHUBOCTH TEIUTOCOAEpKaHusI okeaHa Q B CeBepHOM MONTyIIapuy YCTaHOB-
JIeHo, uTo B Havasie X XI Beka yBenmueHue (Q MpOMCXOANIO MPEUMYIIECTBEHHO B BEICOKMX MIUPOTAX B MIPHIIO-
BEPXHOCTHOM cJioe (Tal. 1).

O COOEHHOCTBIO M3MEHEHUsI COBPEMEHHOTO KJIMMara sIBJISIETCS M3MEHEHUE TEMIIOB MTOTETIIICHUs, Ha0JIr0-

Ta6nuua 1. CpeHeronoBol TpeHS TeMMepaTypbl NOBEPXHOCTM OKeaHa (SSTtr) u TennoconepaHna okeaHa B cnoe 0 — 300
M (QTr) B paiioHax Tuxoro v ATNaHTUYECKOr0 OKEaHOB.

Paion SSTtr, °C/10 net QTr 108, I:x/m*/10 et
1979 - 1998 | 1999 - 2014 | 1979 - 1998 | 1999 - 2014

CeBepHasi ATJIAHTHKA
CyOmnomisipHBIil KPyroBOPOT -0,01 0,37 1,57 3,61
CyOTpomnudeckuii KpyroBopoT 0,05 0,13 1,80 -0,68
TomepeTpum 0,11 0,29 3,30 -2,48
CesepHas yacTh Tuxoro okeana
CyOnosIpHBIi KPyTOBOPOT 0,32 0,17 1,46 3,41
CyOTpomnuueckuii KpyroBopot 0,14 0,01 -0,29 -0,41
Kypocuo 0,15 0,07 2,09 -0,85

IHpumeuanue. Kupnvim wipugpmom evioenensi snavumvie genudunsl (0.=0,05)
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SESSION 1

B AtnanTrueckoM okeaHe M3MEHEHHS MPOUCXOAMIH Ha TryonHax 10 580 M, a B Trxom okeaHe Ha TiTyOu-
Hax 110 350 M. Hanbonemme n3menerns O B Ceseprom JlenoButom okeane (CJIO) mpuxomsites Ha ATnaHTHYe-
ckuit cexktop. B poccuiickom cexrope CJIO m3menenus Q ¢ HanbOIbIIeH CKOPOCThIO Mponcxoauian B bapentie-
BOM MODE, TJIe MPUTOK TernTa Hadmonancs B cinoe ot 0 1o 250 m m 3a 10 net cocrasmn 2,1%108 Tix/v’. M3mene-
HUS TeTutocoepskanust O BIONb KpyTa MIUPOTHI 75°C.111. TpUBEACHHI Ha puc. 1.

a) b)
Baperueso Mope a 37 & Baperueso Mope
mope Nantessix Mmope Nanteswbix

Iy I ol aeall XN BN 74 [TRd- _E2Y__ L awee
» Taiimbip - ]t ‘WE Talimbip -~

| . 1,9 =1 &'

N g1 AN
! ! —— 1,5 -t | ! | e

CesepHoe nobepembe Espasum ] 11 = h\/\ CesepHoe noGepenbe EBpasnu
53 S0 127 163 200 mﬂ'!ﬂ 17 53 o0 127 163 200
Bonrora v 03 = Aonrota

Puc. 1. Tny6uHHbIN paspes Tennocoaepratna okeana Q (107 Dw/M’) B cnoe 0 — 1000 B CeepHom JlejoBMTOM OKeaHe
BAO/b WMpOThI 75°c.1w. @) 1979-1998 rr., 6) 1999-2014 rr.

Wzmenenne nobanbHOM Temneparypsl B Hadane X X1 Beka conpoBOXKIaeTcsl yBEINYEHHEM TEIUI0CoIep-
JKaHUs npunoBepxHocTHOTO ci1ost CJIO, npuBozsiinee K M3MEHEHHUIO TEIUIOBBIX TOTOKOB, MOCTYHAIOLINX B KIIH-
MaTHUYeCKylo cucreMy Azuarckoit reppuropun Poccun (ATP), 1 K yBeJIMUEHHIO SMUCCHH TTAPHUKOBBIX ra30B B
menbdoBbix 30Hax CJIO. [lonoiHUTENEHBIME UCTOYHUKAMU SMUCCHHU TTAPDHUKOBBIX Ta30B SIBIISIOTCS YBEJINYe-
HHE MacIuTabOB JIECCHBIX MOKapOB U MPOTANUBAHMS 30HbI MHOTOJIETHEMEP3JIBIX TPYHTOB.

Ha pucyHnke 2 npuBeaeHsl 3Ha4eHHs BKIa0B (%) KIMMaTooOpa3yromux (pakTopoB B M3MEHEHUS TEMIIe-
parypbl IIOBEPXHOCTH: paJIMallMOHHbIA OanaHc Ha BepxHeil rpanuie arMocdeps (B,,), paAnanuoHHbIi Gop-
CHHTI TApHUKOBBIX Ta30B (Cy,, - YIIEKUCIIBIN I'a3 M METaH), aIBEKTHUBHBIN MPUTOK TerIa (Q,q,)-

BennunHa aJIBEKTHBHBIX M BUXPEBBIX IIOTOKOB TEILIA, PACCUMTHIBAIACH KaK

q=-V-VQ,q"=-V*-7Q, (1)
r1e |- ckopocTs Betpa, O — TEIIIOCOIePKAHHE CIIOS AaTMOCHEPBI, 4 CAMBOIIOM «*» 0603HAYEHO OTKITOHE-
HHE OT cpesiHel BennanHbl. HampaBiieHnio Ha ceBep COOTBETCTBYET yciosue v>0.

Pacuerst Q,,, BRIONHEHBI B cOOTBeTCTBUN ¢ (1) mo narHeM peananmnsza ERA Interim (2003-2012 rr.) ms
otaensHBIX pernoHoB ATP: 3amagnas Cubups, Boctounas Cubups u Hamsauii BocTok. Bennunaa BkIana
OTIpEAEISIIACh 10 YaCTHBIM Kod((UIMeHTaM KOpPEsuii N3MEHINBOCTH TEMIEPATYpPhI C KINMaToo0pa3yro-
muMH (paKTopamMy. AIBEKTHBHBIA CyMMapHBIH MPUTOK TETIa ONPEEIUICS KaK CyMMa MPUTOKOB TETIIa 4epes3
Bce «OOKOBBIEC TPAaHM) PETHOHA, OTpaHIMYeHHBIe 10 BeIcoTe ypoBHEM 700 rlla.

BoctouHas Cubups JansHui Boctox

Li usk.

B Bloa W Cforc B Oac m Btoa m Cforc m Clady W Btca W Clorc W Oadv

3anagHan CubKpb

Puc. 2. Bknagb! (%) knumaToobpasyioLyx GakTopoB B MU3MeHeHWs npu3eMHoi TeMnepatypbl (2003-2012 rr.) ona othenb-
HbIX pernoHoB ATP.

BblIsiBlIeHBI perioHabHbIe 0COOCHHOCTH BKJIaJ[a OCHOBHBIX KJIMMATOOOpa3ylomux (hakTopoB Ha TeMIie-
parypHbIil pesxkuM Asuarckoit Tepputopun Poccun B mepron 2003-2012rr. YeTaHOBICHO, YTO PagHalliOHHBINA
(hopcHHT MapHUKOBBIX ra3oB npeodiaiaet BecHoi B 3ananoit Cubupu (1o 40%), 3umoit u ocensio B Boctou-
Hoii Cubupu (1o 50%) u ocensio Ha JlaapaeM Boctoke (1o 60%). Bxiag agBeKTHBHOTO TeutonepeHoca (1o
33%) mpeBbImaeT BKJIal paAnaiioHHOTO (DOPCHHTa MAPHUKOBBIX ra30B 3UMOM | j1eToM B 3amaanoi Cubupu u
3umoii Ha JlanmsHeM Boctoxke (33%).

Brnepsrie s xaxkaoro pernona ATP BeIsSBIEHBI Tpeobmagaromue KinMarooopasyromnie hakTopsl U 1mo-
Jy4eHbI OIeHKH uX TeHaeHmi B XXI Beke (Tad. 2):



- HETIPEPBIBHBIN POCT PaJMAIIOHHOTO (DOPCHHTA TAPHUKOBBIX I'a30B;
- pa3HOHAIPABIICHHBIE TPEH bl PAJHAIIOHHOTO OaaHca M MPUTOKA TEIUIA B 3aBUCHMOCTH OT CE30HA rofia.

Tabnuua 2. /3mMeHeHnA KnuMaToobpasytowmx dpaxkTtopos (2003-2012 rr.) ans oTAebHbIX pernoHos ATP.

Btoa , Br/M’ /10aeT Cforc, Br/M’ /10aeT Qadyv, Bt /10zeT

Bamagnas | Bocrounas | anbHuii Bamagnas | Bocrounas | [lanpHuit Bamagnas | Bocrounas | [lanbHuit
Cubups Cubups Bocrok Cubups Cubupsb Bocrok Cubups Cubups Bocrok

3uma 3,86 7,97 0,04 0,30 0,15 0,11 2,7%1012 | 9,7%1011 | -2,3*1012
Becna 1,98 0,77 0,41 0,16 0,23 0,12 1,5%1012 | 2,3*1011 | 4,5%1012
Jleto -5,06 425 7,76 0,11 0,11 0,09 49%1011 | 9,2%1010 | -1,8*1012
Ocetb 4,12 2,99 1,22 0,16 0,19 0,12 2,4%1011 | -2,2%1012 | -1,7%1012

[Ipumeuanue. Btoa — cymmaproe 3a mecsiy Koruecmso sHepeuu Ha eOunuyy nosepxnocmu, Qadv —
CcpeoHeMecsUHbll A0BeKMUBHDIL CYMMAPHBILL (N0 8CeM SPaHaM) NPUMOK dHEPSUU 8 NOBEPXHOCHIHOM ClLOe
(0o yposus 700 ella).

[Tonmy4yeHHBIC PEe3yJIBTAThI BHISBISIOT PETHOHATBHBIC U CE30HHBIE OCOOCHHOCTH MEXaHM3MOB TJI00ATBHO-
IO MOTEIUICHHS, YUET KOTOPBIX HEOOXOIMM JJIi MOHHTOPHHTA U MOJICIUPOBAHMS PETHOHAIBHBIX U3MCHCHUI
KJIUMara.

Hccnedosanue 6binoaHeHo npu 4acmuyHou QuHancosol noodepiicke PODU ¢ pamkax Hayuno2o

npoexma Ne 16-35-60088 mon_a_ox
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continent. There are a number of studies showing that the magnitude of the snow cover formed in Oc-

tober can have a significant impact on the formation of processes that determine the state of the climate
system in the following winter. However, this mechanism of influence is not fully understood. The purpose of
this study is to assess the influence of the October snow cover variation on the temperature and circulation re-
gimes in the following winter in Siberia.

The territory of Western Siberia between 50N - 70N and 60E-90E was considered. The studies were car-
ried out on the basis of observational data (RIHMI-WDC and NOAA, GSL), reanalysis (NCEP/NCAR and
ERA-Interim) and climate modeling data (INMCM4 and INMCMS5). Simultaneous use of data of different
types in the work allowed to obtain a more complete picture of the behavior of the investigated relationship.
The behavior of the following parameters was considered: the area of the snow cover formed in October (Ssc);

Due to climatic features, the most extensive snow cover is formed in the Siberian part of the Eurasian
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SESSION 1

averaged over the territory average for the winter air temperature at the surface (Tas); average for the winter
AO index (AOI), the average over the territory of the geopotential height anomaly (HGT). The estimation of
the influence of the autumn snow cover anomalies on the atmospheric conditions formed in the following win-
ter was carried out using correlation analysis.

The big range of correlation coefficients between Ssc and AOI, and between Ssc and Tas was obtained.
The common for all the data sets examined is an occurrence of statistical significance of linear relation between
Ssc and AOI only in certain short (up to 20 years) time intervals. All significant correlation coefficients between
Ssc and AOI are negative, which agrees with the possible tropospheric-stratospheric-tropospheric mechanism
of the effect of the autumn snow cover on atmospheric conditions in the following winter. The occurence of a
statistically significant linear relationship between Ssc and AOI is not associated with the appearance of it be-
tween Ssc and Tas. However, for the majority of considered time periods, a strong positive statistically signifi-
cant linear relationship between AOI and Tas is observed for all the data sets examined, which also indicate the
manifestation of the mechanism under consideration. The comparison of the correlation coefficients that are
obtained using the initial and detrended data series does not show the significant role of the low-frequency vari-
ability in the behavior of parameters under consideration.

The generalization of all the results of this study suggests that the tropospheric-stratospheric-tropospheric
mechanism described above can be highly influenced by other atmospheric processes. The obtained results
give grounds for assuming the nonstationarity of the considered relationship occurrence.

This study is partially supported by the grant of the RF President MK-2018.2017.5.
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BBEJEHME

B 3uMHMii cCe30H Lemblil psijl AMHAMUYECKUX acnekToB armocgepsl CeBepHOro MoJyIapus, TaKUX Kak,
HaIpuMep, PaCHOIOKEHHE ITOJIIPHOTO CTPYHHOTO TEUSHHSI, IITOPM TPEKH, TEMIIEPAaTyPHBIH PEXKUM, OTIPeIeIis-
ercsa Apkrudeckum konebanueM (AK). B cuny kimmarndyecknx ocobeHHOCTel Hanbosee oOUMPHBIA CHEX-
HBII IOKPOB (hOPMUPYETCS B CHOMPCKOW YacTH €Bpa3uiiCKOro KOHTHHEHTA. boJiee Toro, 1o JaHHBIM CITy THUKO-
BbIX HaOmtofeHuii HaiproHanabHOro yrpaBieHusl OKeaHW4ecKuX u arMmocdepHbix uccienoBanuii (NOAA)
OCHOBHOE (hOPMHUPOBAHHE CHEXKHOTO MOKpoBa B CHOMPH ITPOUCXOANUT UMEHHO B OKTsI0pe [1, 2], uTo comnpsixe-
HO CO CMEHOW CE30HOB M COOTBETCTBYIOIIUM MEPECTPOCHUEM MOBEICHHS KIMMATHUECKONH CHCTEMbI Ha TOMH
tepputopuu. O4eBUIAHO, YTO BeJIMYMHA C(HOPMUPOBABIIETOCS B OKTSIOpE CHEIKHOTO ITOKPOBA MOXKET OKa3bIBaTh
3HAUUTENIbHOE BIMsIHNE HAa ()OPMUPOBAHKE MPOLIECCOB, ONPEICISIONIIX COCTOSHUE KIMMATHIYECKOil CHCTEMbI
B TOCJEAYOUHN 3uMHNN neproa. CyIecTByeT psa padoT, ONMCHIBAIONINX HATMUNE JTAHHOM CBSI3H 0 Pa3INy-
HBIM JTaHHBIM MOJIeTUpPOBaHus [3-7]. MexaHu3M 3TOH B3aMOCBSI3H CIIOKEH U B 3HAYUTEIBHOM CTETIEHH 3aTpa-
ruBaet crparocdepHsie mpoueccsl [8]. Ha Tekyiuii MOMEHT MEXaHU3M BIIMSHUS aHOMJIUI OCEHHET0 CHEXKHO-
IO IIOKPOBa Ha aTMOC(EpHBIE YCIIOBUS Noceaytomel 3umMoii B CeBepHOM IOIyIIapHu 10 KOHLA HE H3YYEeH.

Llenb paboThI 3aK/II0YAETCS B OLIEHKE BIMSHUS BAPHALMK CHEXXHOTO IIOKPOBa, C(HOPMHUPOBABIIETOCS B OK-
Ts10pe Ha Teppuropun CudMpH, HA TEMIIEPaTyPHBIH M LMPKYJSILIMOHHBIN PEXKUMbI YKa3aHHOH TEPPUTOPUH B
MOCIIEAYIOIIMI 3UMHUIT ce30H. MccenoBanusi POBOJUIKNCH HA OCHOBE JIAHHBIX HAOJIOICHUH, PETPOCIIEKTHB-
HOT'O aHaJIM3a ¥ YUCIIEHHOTO MojiespoBanusi. OJIHOBPEMEHHOE HCIIOIb30BaHUE B paboTe JaHHbBIX pa3HbIX TH-
TIOB ITO3BOJIMJIO HOJIyYHUTh OOJIee MONHOE MPECTaBICHNE O IIOBEICHUHU UCCIEAYEMOM CBA3N.

OAHHbIE W METOOMKA NCCJTEAOBAHUA

Teppuropust

Jis nccrenoBanus OblIa BeIOpaHa TeppuTopus 3amagHoit Cubupn mexmy 50° — 70° c.m. u 60°— 90°B.1.
Ha 510ii Tepputopun MpoucXoANT MHTEHCHBHOE (DOPMHUPOBAHUE CHEXHOTO ITOKPOBA B TEUEHHE OCEHH, OCO-
6enHo B okTsI0peE [ 1, 2].
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Hcnonbs3oBaHHbIE AaHHBIE

AHanu3 BIMSHMS BapHalllii OCEHHETO CHEXHOTO MOKPOBa HA TEMIEPAaTYPHBIH PEXHUM IOCIIEIYIOLIETo
3MMHETO Ce30Ha U YKa3aHHON TePPUTOPUHU OCYIISCTBISUICS C TIOMOIIBIO MaHHBIX HaOmroneHuit (BHUUI -
MU-MII u NOAA, GSL), peananmuzos (NCEP/NCAR u ERA-Interim) 1 JaHHBIX KIIMMAaTHIECKOTO MOJICIIH-
posauus (INMCM4 u INMCMS).

MeToauka ucciae0BaHusA

B pamkax TaHHOTO HCCIIEAOBaHNUS ISl BCEX TUIIOB JAHHBIX aHAJIN3 ITPOBOJIMIICS /TSI YSThIpEX HHTEPBAJIOB
BPEMEHH: UISl BCETO MMEIOLIETOCs HHTEPBaJIa, OTACIBHO IS TIEPBOM M BTOPOIl MOJIOBUHBI MMEIOIIETOCs H-
TepBaJla, a TAKXKE JUI HENPEPhIBHOTO MOIMHTEPBAIIA, PACIIONATAIONIETOCS IPUMEPHO B CEpeIMHE 00IIEero nMe-
IOLIErocsl MHTepBaja. PaccMOTpeHNne HECKOIBKHX WHTEPBAJIOB BPEMEHH, BHIOPAHHBIX yKa3aHHBIM 00pa3oM,
TI03BOJISIET OLICHUTh HAIWYME 3aBHCUMOCTH IOJy4aeMOTo pe3ysbrara OT BbIOOpa Mepuojia Al MPOBEICHUS
HCCIIeJOBaHNSI.

Jlyist Bcex MCTIONBb30BaHHBIX JAHHBIX OBIIM PACCMOTPEHBI OT/IENbHO HexonHble psibl (MIP) n aTH xe psiapt
rocse npoueaypsl uckimodenus: Tpenaa (MTP), uTo mo3BoIHIIO ONEHUTH CTENEHb BIMSHHUS HU3KOYACTOTHOM
COCTABJISIONIECH M3MEHUYMBOCTH pacCMaTpUBAEMBbIX ITAPAMETPOB.

Bb110 paccMoTpeHo moBeeHNe CIeIYIOMNX apaMeTpoB: IUIONIAb CHE)KHOTO TIOKPOBa, C(HOPMUPOBAB-
mrerocst B oKTs0pe (Sci); ocpeiHeHHas! 110 TEPPUTOPHN CPEIHSIS 38 3MMHUIL CE30H TeMIleparypa Bo3ayXa y Ho-
BepxHoctH (TB); cpenuuii 3a 3umHumit ce30H naAeKke AK (MAK), cpemHue o TeppuTOpHH aHOMAITUH BRICOTHI
reonorennana (HGT). Beut BeimonHeH pacuer k03(h(GUINEHTOB KOPPESIIUY € TOCIEAYIONIeH OLEHKONH MX
3HaunMoOCTHU A1 Tpex nap napamerpos: Scn u MAK; Scn u Ter; MAK u Tsm. TlepBele ABa U3 yKa3aHHBIX MH-
JIeKca KOPPEJSIIMH TO3BOJISIIOT CYIUTh O HAJTMYMHN JIMHEHHON CBSI3M MEX/ly pacCcMaTprUBacMbIMH IIapaMeTpaMmH,
a MoCJIeIHNH, OCHOBBIBAsICh Ha TOM, YTO TEMIIEpaTypa BO3/AyXa y MOBEPXHOCTH B 3MMHHUI CE30H B CYIIECTBEH-
HOM CTeNeHN MOXeT onpenensiThess AK, BBICTyNaeT B KauecTBe KOHTPOJIbHON OIIEHKH B3aMMHOTO ITOBEJCHUS
yKa3aHHBIX IapameTpoB. Jlist IpOBEPKHU CBS3M aHOMAJIHMH OCEHHETO CHEKHOTO TIOKPOBA C aHOMAJIUSIMH BOJIHO-
BOW AKTHBHOCTH, MO3HUKAIOUIMMH IOCIEIYIOMEH 3MMON, ObIIIM BBIYHMCIEHBI KO3()(UINEHTHI KOPPEISIINT
MEXy yKa3aHHBIMU BEJIMUMHAMH W IIPOBEPEHA UX CTaTHCTHUECKas 3HAUMMOCTb. [IpeBapuTenbHO IS Kak-
JIOTO B3ATOTO B PACCMOTPEHHE MepHro/ia ObUIN BHIYMCIICHBI aHOMAJIMH BOJIHOBOW aKTHBHOCTH Ha OCHOBE CpeJl-
HUX IT0 paccMarpuBaeMoii Teppuropun 3HadueHnit HGT, onpeaeneHHbIX Uit KaXI0T0 IHS 3UMHETO NepHo/Ia.

PE3YJIbTATDI

[Tonyuennsie ko3 dpunnenTsl Koppessiuun mexxay Sci u MAK, n mexay Scit u TBI IeMOHCTPUPYIOT Cy-
LIECTBEHHBIN pa30poc 3HAYCHUH, KaK NPH Mepexojie OT OJHOT0 Habopa JaHHBIX K JPYyromy, Tak U B paMKax
Ka)KJIOr0 OTJIENILHO B3sTOro Habopa. [Ipu 5ToM SIBHO BUJIIHBI CIIEAYIOLIHE 0COOEHHOCTH. Bo-niepBbIX, 00mmmM
JUISL BCEX PACCMOTPEHHBIX HA0OPOB JaHHBIX SIBJISETCS MPOSIBIICHNAE CTATHCTHYECKH 3HAYNMOM JIMHEHHON CBSI3U
mexay Scr 1 MAK Tosbko Ha 0TAenbHBIX KOpoTKuX (10 20 jieT) nHTepBaiax BpeMeHu. Bo-BTopbIX, Bce 3HA4H-
MbIe KO3 PUIEeHTHI Koppessinuu Mexay Scit 1 MAK orpunarenbHbie, 4To comiacyeTcs ¢ BO3MOXKHBIM TPO-
nocepHo-cTparochepHO-TponochepHbIM MEXaHU3MOM BIIMSHUS TUIOMIAAN OCCHHETO CHEKHOI'O IOKPOBa Ha
arMoc(epHBIC YCIIOBUS B TIOCICAYIONIYIO 3uMy [8]. B-TpeThux, HaMMUne CTATUCTHYCCKU 3HAYUMOM JIMHCHHOM
cBs13u Mexty Scn 1 MAK He conpsikeHO ¢ mposIBICHUEM 3HAYUMOM JIMHEHHOM cBs13u Mexay Scr u Tei. OpHa-
KO, TIPH 3TOM JIJIsI TIOZIABJISIIOIIETO OOJIBIIMHCTBA BPEMEHHBIX MIEPUOIOB ISl BCEX PACCMOTPEHHBIX HAOOPOB
JITAaHHBIX MPOCIICKUBACTCA CHIIbHASI MOJOXKUTENIbHAS CTATUCTUUECKU 3HAYMMAs TMHeHHas cBa3b Mexay MAK n
TBI, 4TO Takke TOBOPUT B MOJb3Y MPOSBICHUS HCCIETyeMOro MeXaHu3Ma. B-ueTBepThIX, pe3ysIbTaT cpaBHe-
HUsl IosrydeHHbIX Ha ocHoBe VP u TP 3nauenunit koahuineHToB Koppeisiuy ToBOPHUT B TI0JI3Y HEBBIPa-
YKEHHOCTH BJIUSTHUSI HU3KOYAaCTOTHOH COCTaBIISIONIEH N3MEHUNBOCTH pacCMaTPUBAEMBbIX I1apaMeTpOB.

COBMECTHBIN aHaJIN3 BEIUUCIICHHBIX CPEHUX 3HAYCHUHN M CTaHAAPTHBIX OTKJIOHEHUH pacCMaTpUBAaeMBbIX
XapaKTePUCTHUK ISl BCEX BBIICJICHHBIX IEPHOJIOB BCEX B3STHIX B PACCMOTPEHHE HA0OOPOB JaHHBIX U COITOCTAaB-
JIEHHE UX COYETAHUS JUIs KayKI0ro Neproa CO 3HAYEHUSIMH TIOTY4YEHHBIX PaHee HUHIEKCOB KOPPENLUi MexK Iy
yKa3aHHBIMH IIapaMeTpaMy He BBISIBIIIO KaKOW-JIMOO 3aKOHOMEPHOCTH COITY TCTBYIOIECH HPOSBICHHUIO MIIH OT-
CYTCTBHIO 3HAYMMOM JTMHENHHOMH cBsi3u. C OHOM CTOPOHBI, MOXKET MOKA3aThCs, YTO TAKOE OTCYTCTBUE 3aKOHO-
MEPHOCTH SIBJISIETCS CJISICTBUEM HEYJIAYHOTO BBIOOpA BPEMEHHBIX NIEPHOJIOB [UIsl NCCIICOBAHNUS, M TaKoe 3a-
KIIFOYeHUe ObUIO OBl IPaBOMEPHBIM, €CIIU OBl MCCIIeJOBAaHNUE HE OBUIO MOCTPOEHO HA IISITH HA0OpaxX JaHHBIX
Pa3IMYHOro TUIA, HOJYYEHHBIX Pa3HbIM CIIOCOOOM M M3 Pa3IMYHbIX MCTOYHHKOB. BhISBIEHHAss 0COOEHHOCTH
TOBOPUT B I10JIb3y HEOOXOIMMOCTH UCCIIEJOBAHMS PACCMaTPUBAEMOT0 BIMSIHUS SCIT Ha aTMOC(EPHBIE YCIOBUS
MIOCJIEIYIOIIEr0 3MMHETO CE30Ha C TOUKHU 3PEHUs €ro CTallMOHAPHOCTH.

Amnanu3 nuneitHo# csa3u Mexy Scit 1 HGT Ha n3o0aprueckux ypoBHSIX, TPOBEACHHBIH ISl TpeX Habo-
pos nanubIx (peanan3sl NCEP/NCAR u ERA-Interim u nanasie moneniu INMCMS) st teppuropun Cubu-
PH He BBISIBUJI KAKOW-ITOO SIBHOM XapaKTEPHOH CTPYKTYpBI B PACCMOTPEHHBIX ITOJISIX, COMTPOBOXKAAIOIIEH MPo-
sIBJICHUE JIMHEWHOH cBsi3u Mexxay Sci u MAK (pucynku 1-3). [Tomyden Takxke cyniecTBeHHBIN pa30poc 3Hade-
HUH KOppEeJLUi IPH IIepexoie OT OAHOT0 Habopa JIaHHBIX K JIPyToMy.
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Puc. 1. 3Haunmble (a=0.1) koapdmumenTsl Koppenaumm Mexkay Scn v aHomanuamu HGT, peaHanua NCEP/NCAR u Scn us
GSL; anA (r) paHee bbina obHapyreHa 3HauMMan cBA3b Mexay Scn u NAK.
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Puc.2. Toxke, uTo Ha pucyHke 1, Ho ans ERA-Interim; gna (6) paHee bbina o6HapyeHa 3HaumnMas cBasb Meay Scn v NAK.
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r) 1994-2007 rr.

Puc. 3. Towe, uto Ha pucyHKe 1, Ho ana INMCMS; anA (6) paHee 6bina 0bHapy»KeHa 3HauMMan cBA3b Mexkay Scn n VAK.

3AKJTIOYEHUE

O00011IeHIe BeeX TOMyUeHHBIX B paMKax JJAHHOTO MCCIIEI0BAHUS PE3YJIbTAaTOB IACT OCHOBAHMSI ITPEIIOJIO-
KHTh, YTO paccMaTprBaeMblil TporochepHo-cTpaTocdepHo-TpornochepHblii MEXaHU3M, OIMCAHHBINA paHee, He
SIBJISICTCSI YIPABJISFOIINM, i MOYKET OBITh CHIIbHO MTOABEPIKCH BIMSHHUIO IPYTHUX aTMOCQEPHBIX mporieccoB. [Tomy-
YCHHBIC PE3YJIBTAThI JA0OT OCHOBAHUWS MPEANOoIaraTb HECTAHUMOHAPHOCTb IPOABJICHUA paCCManHBaeMOﬁ CBsI3U.

KpOMe TOTO, MOJYYCHHBIC PE3YJIBTATBI MOI'YT BBICTYIIATh B KAYC€CTBC IMMOTCHIIUAJIBHOT'O 00BACHEHUS pu-
4HH, MoYeMy B cBoeii padote Furtado J.C. ¢ coaBropamu [9] He MONMYyYHIH OKAAAEMOTO OTKIIHMKA 3UMHHX aT-
Moc(epHBIX YCIIOBUH Ha aHOMAJIMU CHEKHOTO TMOKPOBA, COPMUPOBABIIETOCS MPEAIIECTBYIONIEH OCEHBIO, B
JnaHHbIX Mojenel yuactHrkoB CMIPS. B pabore Furtado J.C. ¢ coaBropamy HCIONIb30BaJIM aHCAMOJIEBBII
1oaxon, KOTOpBIﬁ B YCJIOBHAX HECTALIMOHAPHOCTHU IPOABICHUA pacCMarpuBacMOro BIIUAHUA CYIICCTBCHHO
CIJIaJINI, BIUIOTH JI0 HCUE3HOBEHMSI, BO3MOKHBIE €TI0 MPOSIBIICHHSI.

Paboma svinonnena npu uacmuunoi nooodepacke epanma Ilpesudenma PO Ne MK-2018.2017.5.

Jlumepamypa:

1. Gong G., Entekhabi D., Cohen J. Modeled Northern Hemisphere winter climate response to realistic
Siberian snow anomalies // J. Climate.— 2003.— V. 16.— P. 3917-3931.

2. Hvimnukos B.I1., Bonooun E.M., I'anun B.A., [azynoe A.B., [ puyyn A.C., Juanckuii H. A., JIvikocos
B.H. Knumam u e20 usmenenus. Mamemamu4eckas, meopust U YucieHHoe Mooeiuposanue //
Cubupcruti scypnan svryuciumenviou mamemamuku.— 2003.—T. 6.— C. 347-379.

3. Allen R.J., Zender C.S. Effects of continental-scale snow albedo anomalies on the wintertime Arctic
oscillation // J. Geophys. Res.—2010.— V. 115.— D23105, doi:10.1029/2010JD014490.

4.  Barnett TP, Dumenil L., Schlese U., Roeckner E., Latif M. The effect of Eurasian snow cover on re-
gional and global climate variations // J. Atmos. Sci.— 1989.— V. 46.— P. 661—685.

5. Gong G., Entekhabi D., Cohen J. A large—ensamble model study of the wintertime AO—-NAO and the
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8. Cohen J., Barlow M., Kushner PJ., Saito K. Stratosphere-troposphere coupling and links with Eur-
asian land-surface variability // J. Climate.— 2007.— V. 20.— P. 5335-5343.

9. Furtado J.C., Cohen J.L., Butler A.H., Riddle E.E., Kumar A. Eurasian snow cover variability and
links to winter climate in the CMIP5 models // Climate Dynamics.— 2015.— P. 1-15.— DOI 10.1007/
500382-015-2494-4

Macrocirculation processes responsible for precipitation
and their isotope composition in Altai

Malygina N.S., Eirikh A.N., Papina T.S.

Institute for Water and Environmental Problems SB RAS, Barnaul, Russia
E-mail: natmgn@gmail.com, allnik608 @gmail.com, tanya.papina@mail.ru

Sneyers test. It was found that the variation of precipitation has a step change point occurred in 1980.
During the first interval (1959-1980), the trend was mostly positive, whereas during the second interval
(1981-2016) it was constantly negative (fig 1).

The estimation of precipitation changes in the Altai (1959-2016) was carried out using the Mann-Kendall-

Annual Total Precipitation Fig.1. Total precipitation in Altai (NCEP/NCAR Reanalisys)

\ The step change point of precipitation in the Al-

tai coincides with the beginning of the «Zonal epoch

Elementary Circulation Mechanisms — ECM» for Si-

berian sector according to the Dzerdzeevskii classifi-

cation. B.L. Dzerdzeevskii distinguished 41 subtypes

! of Elementary Circulation Mechanisms (ECM) based

on the analysis of maps of baric topography at the

500 hPa level. To clarify the role of various ECM in

080 100 ¥ 1960 1990 20! 2010 2020 the Altai precipitation, we calculated the contribution

Year of the ECM, which correspond to Siberian sector,

into the changes of precipitation trends. It was found that the most significant contribution into the change of
precipitation regime in the Altai was provided by the «West zonal» Circulation group.

To verify the results obtained for both time intervals, we calculated the averaged wind speeds and direc-
tions at the altitude of 850 mb (data of NCEP/NCAR Reanalysis). The analysis of the obtained results has
shown that during the second time interval the intake of air masses from south-west, namely from Middle Asia,
to the Altai occurred. These air masses are characterized by the lower moisture content, that, first, have led to
the negative precipitation trends during 1981-2016.

MaKpouMpKyNALMOHHBIE NpoLecchl, onpegenmBLLMe
N3MEHEHWA perknMa 1 U30TOMHOMo CocTaBa aTMoCdepPHbIX
ocagkoB Ha AnTae

Manbiruna H.C., 3vipux A.H., NanuHa T.C.

WUHCTUTYT BoaHbIX M 3Konoruyeckux npobnem CO PAH, bapHayn, Poccua
E-mail: natmgn@gmail.com, allnik608 @gmail.com, tanya.papina@mail.ru

(MI'BHUK) [1] u Bropom ornieHouHOM nokiane Pocruapomera 00 M3MEHCHHUAX KITMMAaTa U UX TIOCTICICT-

BUAX Ha Tepputopuu PO [2] moka3aHo, 9To HaOMIOMaeMbIe KITMMATHUECKAE H3MCHEHHUS XapaKTepH3Yy-
IOTCS pa3TMYHON CTENEHhIO HHTCHCUBHOCTH, TIOPOI HMEIOIIEH TPOTHBOIIONOKHEIHN 3HAK B OTACITBHBIX PETHO-
Hax 3emuu. Cpeay OCHOBHBIX MPHYUH, 00yCIaBIUBAIOIINX H3MECHEHSI B KIFOUCBBIX KOMITOHCHTAX KIMMATH-
4gecKoi cucteMsl [ 1, 3], BBIOCTSAIOT: H3MEHEHHs OpOUTAIBHBIX TAPaMETPOB 3eMJIH M COTHEYHON aKTHBHOCTH,
WHTCHCUBHOCTH BYJIKAHUYECKOU JCSITETHPHOCTH U YBEITMICHUE SMUCCHH MTAPHUKOBBIX Ta30B, a TAKKE U3MCHE-
HUS B aTMOC(EPHON IUPKYIISAIIUH.

Br{;{TOM OLIEHOYHOM JI0KJa/e MeXIpaBUTEIbCTBEHHON TpyNIbl SKCIEPTOB MO U3MEHEHHUIO KiIUMara
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mailto:tanya.papina%40mail.ru?subject=
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B pe3roMupyrommx 9acTax J0KIaa0B 00 m3MeHeH!: KiinMara [ 1, 2] omHo3HagHO MoKa3aHa HEOOXOIUMOCTb
YETKOTO TIOHUMAaHHS BO3MOKHOTO Pa3HOHAIPABICHHOTO BIMSHUS aTMOC()EpHOI IMPKYISIINK Ha TEKYIIHE U IPo-
THO3MpPYyeMbIe KIMMAaTHYECKHe N3MEHEHHUS B KaXIOM KOHKPETHOM pernoHe. IIpu 3Tom oTMedaercs, 4To mossip-
HBIC 1 IPUIIOJIAPHBIC PAHOHBI, @ TAKXKE TOPHBIE TEPPUTOPHHU B 3TOM OTHOIICHHUH SIBIISTFOTCSI HAMOOIIEE YS3BIMBIMH.
B cBs131 ¢ 3THM HEOOXOAMMOCTD U3yUYEHHS U OIIEHKH MaKPOILUPKY/IALOHHBIX ITPOLIECCOB, 00ECIEUNBAIOIINX aT-
Moc(hepHbIE 0CAIKH B TOPHBIX PETMOHAX, B YACTHOCTH, Ha AJITae, SBIISETCS BECbMa aKTyalbHOM.

Brmonnennas Hamu ¢ momomnisio Mana-Kennamn-Creiipe Tecta [4, 5] omeHka JaHHBIX IO KOJTHYECTBY
aTMOC(EpPHBIX 0CA/IKOB, BHIMABIINX Ha Anrtae B 1959-2016 rr., mokasasna, 9To peXHM 0CaIKOB XapaKTepU3yeT-
s CTyIeHUYAThIM U3MeHeHueM B Hadane 1980-x rr (puc. 1.). JlaHHbBIe pe3yasTaThl XOPOIIIO COTIIACYEeTCs C paHee
OLICHEHHBIMH N3MEHEHHUAMH PEXNMa OCaJIKOB Ha ceBepo-3anaje Kuras, B TOM umcie B paifoHax, mpuieraro-
X kK Anraro [6, 7].

CTOUT OTMETHTH, YTO BpEMEHHAsl TPaHNIIAa CMEHBI 3HAaKa TPEH/1a aTMOC(EPHBIX 0CAIKOB HA ANTae COBIIa-
JaeT ¢ HagasioM «3oHanbHoH smoxu D1IM» ams Cubupcekoro cexropa o kinaccupukanun b.JI. J[3epazeeBcko-
ro [8]. Kimaccudukanms MakponupKyIAIMoHHBIX mporieccoB b.JI. [I3epa3eeBkoro ocHOBaHA Ha ydeTe KOJINde-
CTBa M HANPABICHUI apKTUYECKUX BTOPKEHUH (OIOKUPYIOMINX MPOIIECCOB) M BBIXOIOB FOXKHBIX IIUKIOHOB, a
Tak)Ke Ha M3MEHEHMAX XapakTepa HUPKYIAIH atMocdepsl B Apktuke. Beinenennsie 41 noarun 1M (O1IM
— DIIEMEHTAPHBIN IUPKYIAINOHHBIA MEXaHU3M, KOTOPBIH SIBISETCS OCHOBHOM eNMHUIICH THUIM3AINN), CHCTe-
MaTH3HPOBAHHI B 13 THITOB, KOTOpBIE, B CBOIO OYepe/ib, ACTATCS Ha YeThIpe rpymisl [8]. ExxemHeBHBIC CHHOTI-
THYECKHE KapThl U KapThl Oapudeckoil Tormorpaduu cayxaTt (pakTHdeckoi 0CHOBOH i BeigeneHus DM u
coziepxar B ce0e KOCBEHHYIO HH(OPMALUIO O TOTOKAX BIArd B aTMoc(epe, M03TOMY 4epe3 CMEHY CTPYKTYp
OLM MOXKHO MPOCIEIUTh U HUPKYIAIHOHHBIE YCIOBHUS BBIIIAICHHUS aTMOC(EPHBIX OCAIKOB.

Annual Total Precipitation Puc.1. ATMOC(I)eprIe 0CafKU Ha Antae no [aHHbIM peaHa-
NCAR Region (40'N-55'N, 80°E-100 nmn3sa NCEP/NCAR.

| OCHOBBIBasICh Ha paHee MPEIIOKCHHBIX TTOIXO0-

J1aX, TIO3BOJIAIONINX OIICHUTH BIUSHUE MAaKPOIHPKY-

JIAIIOHHBIX TPOIIECCOB HAa M3MEHEHHUS pEeKMMa atT-

MOC(QEepHBIX 0canaKoB AnTaiickoro pernona [9], Mb

y TIPOBENIN PAcYeTH BKJIATa Pa3THYHBIX THIIOB MaKpO-

IUPKYISIIHOHHBIX TIPOIIECCOB B TIOCTYIUICHHE OCaJI-

KOB Ha Tepputopuio Anras. Pacuér BkiagoB rpymnm

1960 1990 2000 2010 2020 mupkymsiid D1IM s Cubupckoro cexropa B TO-

Year CTYIUIGHHE OCAJKOB JJIs BBINEIEHHBIX TepruomoB (I

nepuoa — 1959-1980 rr., II mepuox — 1981-2016 rr.) mokasai, 4To MaKCHMaJbHbIC BKJIAIBI B MOCTYIUICHUE

OCaJIKOB Kak B MEPBOM, TaK M BO BTOPOM IEPHOE Jaia Tpyma «IIUpOoTHAs 3anaaHas» (tabnuna 1). Bxian

OCTaJIbHBIX TPYIII IUPKYISAINN HAXOAUTCS MPEUMYIIECTBEHHO B Tipenenax 6-13%. [Ipu 5ToM mo JaHHBIM BCeX

aHAJM3MPYEMBIX CTAHIIMH AJTasi BO BTOPOM IEPHOJE BKIIAJ JIMANPYIOLIEH IPYIIIbl B TOCTYIJICHUE OCAIKOB
CYIIECTBEHHO yBEIMYHJICS.

mm

Ta6nuua 1. MNpoLeHTHbIA BKNAS FPYNN LMPKYIALMIA, BblgeneHHbIX ana CubupcKoro ceKtopa B 06LLee KOMYECTBO 0CAAKOB,
BbiNaaasLLmx Ha Anae B 1959-2016 rr., 1959-1980 (I nepuog) n 1981-2016 rr. (Il nepvog).

I'pynna nupxyasiumii 1M 1959-2016 rr. | I nepuon | Il nepuon
[HupotHas 3anagHas 3,8a,9a, 131 43 38 49
JlonroTHas ceBepHast 12a 8 7
IupoTHas 3anagHas U JOJITOTHAS FOMKHAS 28,46, 6, 761 8 10 6
[HupotHas 3anmagHas U CTALMOHAPHOE MOJIOKECHUE 133 11 11 11
JlonroTHas ceBepHast M CTAMOHAPHOE MOJIOKEHHE ?T’ 8a, 8 53, 8r3, 11a, 10 12 7

T, 1263,
JlonroTHasi CeBepHast U LIMPOTHAsE BOCTOYHAS S5r, 12r
JlonroTHas ceBepHast ¥ MIMPOTHAS 3amaiHast 803, 86u1, 8811, 106 5 6 4
JlonroTHas ceBepHast U JOJITOTHAs FOXKHAs 12 60 10 11 10

C 11enpio BepupHUKAINHY TTOTyYSHHBIX PE3yIBTaToB s 000MX MEPHOIOB OBIIH PACCUUTAHBI CPETHHIE CKO-
poctu u HanpaBieHus Betpa Ha BeicoTe 850 M6 o manasiM NCEP/NCAR Reanalysis (puc. 2.). AHamu3 momy-
YEHHBIX PE3yJbTAaTOB IOKAa3aJl YBEIUYECHHE BO BTOPOM IEPHOAE MOBTOPSIEMOCTH FOTO-3aITafHON COCTAaBIISIO-
e, obecneynBIneii MOCTYIUICHHE HA MCCICAYyEeMYI0 TEPPUTOPUIO BO3AYIIHBIX Macc W3 pailoHoB Cpemneit
A3WH ¢ TIOHIKEHHBIM BJIarOCOICPIKaHUEM, YTO, B CBOIO OYepeb, OTPA3MIIOCh B CMEHE 3HaKa TPEHAa aTMOC-
(hepHBIX 0CAIKOB.
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Puc.2. CpepHue ckopocTy (LBETOBaA LLKana, M/c) U cpefiHWe HanpaeneHus BeTpa (cTpenku) B 1959-1980 rr. (@) m B 1981-
2016 rr. (6).

SESSION 1

B 2016 r. B ceBepHOI 9acTH U3y4aeMOM TEPPUTOPUHN TIPOBOAMICS OTOOP MPpod aTMochepHBIX 0CaIKOB C
UX TMOCJIEIYIOIUM H30TOIIHBIM aHAIN30M. [loydeHHbIe pe3yinbTaThl JIEIH B OCHOBY pacdyeToB KaK BKIIAJ0B
rpymn mupKymsnui O1IM B moctymienne ocaakos Ha Anraii B 2016 1., Tak 1 00yCIIOBIEHHOTO WMH H30TOITHO-
TO COCTaBa aTMOC(EPHBIX 0CAIKOB (Tabmuma 2).



Tabnuua 2. CpeHeB3BeLLEHHbIE 3HA4EHWA M30TOMHOMO COCTaBa aTMOCEPHbIX 0CAAKOB M UX NPOLIEHTHBbIV BKNaf B 0bLuee
KONMYeCTBO 0CafKOB, BbiNnagaBLunx Ha ceBepe Antaa B 2016 T.

I'pynna uupkyasiumii 0180 (%o) | D (%) dexc (%o) f/ff an (s
HuporHas 3amagHas -9,85 -78.,65 0,15 26,8
JlonrorHast ceBepHast -13,78 -104,16 6,12 19,7
[IupoTHas 3anaaHas 1 CTalMOHAPHOE MOJOKESHUE -19,93 -153,05 6,37 20,2
JlonroTHas ceBepHast M CTAMOHAPHOE MOJIOKEHHE -21,16 -160,26 9,01 15,3
JlonrorHast ceBepHasi ¥ IIMPOTHAS BOCTOYHAS -20,92 -159,40 7,97 59
JlonroTHast ceBepHast U JIOJTOTHAS FOXKHAS -11,85 -92,11 2,72 12,1

Pe3ympTaTel pacueToB BKJIaI0B rpymn nupkyasanuii 1M, BeraeneHnsix 1 Cubupckoro cekropa, B Mo-
CTyIUIEHHE aTMOC(EepHBIX 0caakoB B 2016 I. moka3anu, 4To MaKCUMaNbHBIN BKIaJ BHecHa «llupoTHas 3amas-
Has» Tpynna mupkysauui (26,8%), o0ycnaBiuBaronias 3HaYUTEIbHBIA BKJI B MOCTYIIEHUE aTMOC(HEPHBIX
0CaJIKOB B pernoH. AtmocgepHbie ocaaky AanHo rpymnmbl DM xapaktepu3oBaiich Haudosiee yTshKeJIeH-
HBIM M30TOIHBIM COCTABOM, UTO SIBIISIETCS 3aKOHOMEpHBIM. [Ipu D1M, BXOAAMNX B JaHHYIO TPYIITY HUPKYIIS-
uid, arMmocdepHbie 0cagKu 00YCIOBJICHBI MPUXOASAIIMME HOXKHBIMUA LIUKJIOHAMH C TeppuTopun Apaio-Ka-
CIHICKOTO PErnOHa, BOJBI KOTOPOTO MMEIOT Hauboee yTsKeICHHbIN H30TOITHBIN COCTAB.

Taxum 06pa3oM, BEITTOIHEHHAA ¢ ToMoIbio ManH-Kennami-CHelpc TecTa OlieHKa JaHHBIX 0 KOJHYECT-
By aTMOC(epHBIX 0CaKOB, BhIMaBIIMX Ha Antae B 1959-2016 rr., mokaszana, 4To peuM OCaIKOB XapaKTepU3y-
eTCsI CTyTIeHYaThIM M3MeHeHneM B Hayane 1980-x rr. Ilpu 3ToM BpeMeHHast rpaHHUIla CMEHBI 3HaKa TPEH/Ia ar-
MocC(EepHBIX 0CaIKOB Ha AJITae COBMAIaeT ¢ HadaJIoM «30HaIbHOH armoxu DLM» ms Cubupckoro cexropa 1o
knaccudukanuu b.JI. JI3epazeesckoro. Hanbombinuii BKiiaa B M3MEHCHHE PEXHMa 0caakoB B mepuos 1980-
2016 rr. Ha Antae BHecTu aTMOC(EpHBIE MPOIECCHl KITUPOTHON-3aNaIHONY TPYMITBl [UPKYISIUN, KOTOpbIe
TaKKe ONPECIHIN Hanboee yTsKeJICHHbII H30TOMHBINA cocTaB aTMOC(epHbIX ocakoB B 2016 .

Paboma vinonnena ¢ pamkax npoexma « Knumamuueckue u 5K0102U4ECKUE USMEHEHUS U PeUOHATIbHbLE
ocobennocmu ux nposieienus Ha meppumopuu Cubupu no OaHHbIM NAIEOAPXUBOE U AMMOCHEPHBIX
ocaokoe» (Ne 0383-2016-0005) u npoexma «Climatogenic transformation of the alpine landscapes in
Mongolian and Siberian Altaiy (CRRP2016-FP09-Demberel)
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SESSION 1

Atmospheric precipitation and its anomalies in West Siberia
against the background of global climate change

'Kharyutkina E.V., ""Martynova Yu.V., 'Loginov S.V.

" Institute of monitoring of climatic and ecological systems SB RAS, Russia
? Siberian research hydrometeorological institute of Roshydromet, Novosibirsk, Russia
E-mail: kh_ev@imces.ru

nalysis of atmospheric precipitation characteristics, obtained by the authors, their linear trends and
anomalies in cold and warm seasons was carried out for the north and the south of West Siberia (50°-
70°N, 60°-90°E) over the period of 1976-2015.

In spite of the fact that statistically significant values of annual sum of precipitation over last decades were
not derived, in general, the tendency of precipitation decrease in the period of 1979-1998 is replaced by the
tendency to its increase in the period of 1999-2015. The most significant rise was observed in the northern part
of West Siberia in warm season. At that time in the south the tendency to formation of negative anomalies in
precipitation amount was appeared.

According to ERA-Interim reanalysis data, in the beginning of XXI century there was an increase in con-
vective precipitation area up to 10% in warm season in the northern part of the region, whereas over the whole
territory its statistically significant decrease was observed. As for large-scale precipitation, its characteristics
were not changed from one period to another. Such tendencies could deal with the increased events of convec-
tive cloudiness development (cumulonimbus clouds).

Using numerical modelling the feedback of regional climatic system of West Siberia on global climate
change was revealed; the tendency in anomalies of convective and large-scale precipitation was obtained.

The work is supported by the grant of the RF President MK-2018.2017.5.
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OTJIaCHO OIIEHKaM, IPEACTaBIeHHBIM B J[oKnazge 00 0COOEHHOCTAX KIMMaTa Ha Tepputopuu Poccuii-

ckoii @eneparuu 3a 2014 rox (2015 1), ans Bcelt Teppuropun Poccun KomudecTBa 0CaJKOB PaCTET,

OJTHAKO BEJIMYMHA TPEHJa CTaTHCTHYeckH He3HaunMa. [Ipn atom B 3amagHoit CHOMpH BhINAJO BEHIIIE
WJIN OKOJIO HOPMBI 0cajKoB. [Ipu moTernieHnu u3MeHeH sl Biarocoiepkanus arMocdepbl 1 HEKOTOPBIX Mapa-
METPOB arMOoC(hepHOil YCTOHYMBOCTH U XapaKTEPUCTUK IUPKYJISIIIMK MOTYT MPUBOAUTH K Teorpapuyecku
CE30HHO HEOJHOPOIHBIM U3MEHEHHUSIM YacTOTHI CHIIBHBIX OCAJKOB, a, IEPEXO/I B pa3psl SKCTPEMaIbHOTO CO-
OBITHSI, OKa3BIBaTh KaTacTpO(UIeCcKoe BO3ICHCTBHIE Ha IPUPOAHbIC U TEXHOTeHHBIE cucTeMsl [ 1]. C 3Toii Tou-
KM 3pEHHS, TIPE/ICTABIISACTCS aKTyaJbHBIM HCCICAOBAaHUE PETHOHAIBHOTO OTKIMKA KIMMAaTHYECKOH CHCTEMBI
3anaaHoit CHOMPH B YCIIOBHSIX 3aMEJICHHsI pOCTa TII00ATBHOM TEMITEPaTyphl, BEIOPAB B KAUECTBE HHIUKATOPA
M3MEHEeHHH KiInMara armochepHbie ocaaku. Kpome Toro, sBisieTcs BAXKHBIM BBISIBUTH TEH/ICHIINY B U3MEHEHH-
sSIX AHOMAJIU 3TON BeNMYMHbBI Ha (hOHE TT00AILHBIX M3MEHEHHI KITUMaTa.

Lenpio mccaeqoBaHUS SBIAETCS OIEHKA MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYHMBOCTH XapaKTePUCTHK
pexrMa aTMoCc(epHBIX 0CcaIKOB Ha TeppuTopuu 3anaaHoi Cubupu B koHie XX u Hayane X X1 BekoB, a Takxke
BBISIBIICHHE TCHICHINI B M3MEHEHUH UX AaHOMAJIMH C TOMOIIBI0 METOI0B MaTEMaTHYECKOTO MOICTTHPOBAHUS.

B pabote mpoBOANTCS aHAIU3 TONYYCHHBIX aBTOpaMU OLIEHOK XapaKTePHCTHK PEKXUMa aTMOChEpHBIX
0CaJIKOB, UX JIMHEWHBIX TPEH0B M AHOMAJIMH 3a XOJIOAHBIN U TETLIbII epUo/Ibl To/Ia C eTaau3alueil s ceBe-
pa (apkTudeckas 30Ha) U rora Tepputopun 3amagHoir Cubupu (50°-70° c.mr., 60°-90° B.x1.) 3a epuox 1976-
2015t

[pu pacuere cpeHEMECSIYHBIX 3HaUeHU T arMoc(hepHbIX 0cankoB (R) U UX JTMHEHHBIX TPEH/I0B HA TeppH-
TOPHUH UCTIONIB3YIOTCS CYyTOUHBIE 3HAYCHHUS BEJIMUMH 10 JAHHBIM HHCTPYMEHTAIBHBIX HAOMIOCHUH U3 pecypca
BHUNTI'MU-MILJI (http://meteo.ru/data). st Kax 10 CTAHITUK 1TO PACCUMUTAHHBIM CPEIHEMECSIHBIM BETHUH-
HaM BBIYUCISIFOTCS] POOACTHBIE OLIEHKH MEXKT0JI0BOM M3MEHUYNBOCTH: MX MEIMaHHbIC 3HAUCHHS U KO PHUITHEH-
THI MX JTMHEHHBIX TPEHA0B (1anee TpeHasl). s ycTpaHeHus BIUAHUS MIPOCTPAHCTBEHHOW HEOJHOPOIHOCTH
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MECTOPACIIOIOKEHUSI METEOPOJIOTHUECKUX CTAHIMH MPOBOANTCS MPOCTPAHCTBEHHAS] MHTEPIONISAIMS PACCUHU-
TaHHBIX CPEAHEMECAYHBIX U CPETHETO/IOBBIX 3HAUCHUH BEJIMYHMH M UX TPEHJIOB Ha CeTKy 1°x1° mo anroputmy
Kpaiiruara. [IpoBoguIIHCh BEIYUCICHUS] BEIOOPOYHON MIIOTHOCTH BEPOATHOCTH P(X) C TMOCJIEAYIOMINM pacye-
TOM BBIOOpOUYHON (QyHKINH pactpeneneHus F(x). B kadecTBe cpeqHeil XapakKTEpHUCTHKH MO TEPPUTOPHA HIC-
nosb3yercst Mmeanana (Gynkiun pacnpenenenus F(x). [TorpemrHocTs MpoCcTpaHCTBEHHON HHTEPHONAIIH OIle-
HHUBAETCS C TIOMOIIBIO MTPOLIEAYPBI KPOCCBATUIAINH (TIEPEKPECTHOM MPOBEPKH IAHHBIX ).

Cpennue 1osst HeclieyeMOi BETMYMHBI U TIOJISl TPEHI0B PACCUUTBIBAINCH [UIS ABYX BPEMEHHBIX HHTEP-
BaJIOB: B MEPHOJ] HHTEHCUBHOTO II00aIbHOTO moTeruieHus 1976-1998 1T u B meprox 3aMeayIeHUs pOCTa TeM-
nepatypsl 1999-2015 rr.

J1J1s OLIEHKHM aHOMAJTHH HCIIONB30BATMCEH (DYHKIIH PACIIPE/IENICHNS: 32 aHOMAIIbHO HU3KHUE 3HAUCHHUS ITPHU-
HUMAJINCh 3Ha4eHUs 10 10-ro mpoLeHTWIs, 32 aHOMAJIbHO BBICOKHE 3HAYEHUs — 3HaueHMs Bbime 90-ro mpo-
neHTHiIs. Beigenenne ceBepa (apkTuyeckoii 30061 3anaanoit Cuonupn) u ora TeppUTOPHH MPOUCXOANIO 1Mo 60°
c.I11. 3a XOJIOJHBIM CE30H To/ia MPHHUMAJICS HHTEPBAJI BPEMEHHU C HOSIOPSI 10 MapT, a 3a TETIbIH - ¢ anpest 1o
OKTSOPB.

ITpocTpaHCTBEHHO-BPEMEHHOE PACIIPEACICHHE XapaKTEPUCTUK aTMOC(HEPHBIX OCAIKOB MOAPOOHO pac-
CMOTpEHO B [2]. B 1estom, noiy4ueHo, 4To B KayKAbIH U3 TIEPHO/OB M0JIE 0CAAKOB IIPEUMYIIECTBEHHO HMEET 30-
HaJIBHBII XapakTep, PU TOM IIPOUCXOANT UX YMEHBIIEHHE C CeBepa Ha 1oT. Bo BTOpoM BpeMEHHOM HHTEpBae
CpPEIHETO/10BasI BEJIWYHMHA KOINYECTBA OCAIKOB CTAHOBUTCS BBIIIE HAa CEBEPE TEPPUTOPHUH, MO CPABHEHHIO C
BEJIMYMHOH B IEPBOM BPEMEHHOM HHTEPBAJIe, IPHYEM OCHOBHOI BKJIa]] B 3TO YBEIHMUCHNE BHOCUT TEIUIBIN ce-
30H. CperHee 1Mo TeppUTOPHH TOT0BOE KOITHIECTBO OCATIKOB COCTABIACT 536 MM 1 579 MM, 3a XOJIOIHBIN MTEpH-
on— 148 mm u 165 MM, a 3a Termsril mepuog — 396 MM 1 421 MM B TIEpBBIN M BO BTOPOI BpDEMEHHOM HHTEPBAI,
COOTBETCTBEHHO. UTO KacaeTcst TPEHI0B 3TOH BEIWYMHBI, TO BO BTOPOM BPEMEHHOM MHTEPBaJIe HAOIIOAACTCS
TEH/JCHIINH K YBEJIMYEHHUIO OCAKOB B TEIUIBIH CE30H HA CEBEPE PETHOHA. B 10)KHOM 4acTu TEPPUTOPHUN SIBHBIX
W3MEHEHHUH HE TIPOMCXOINT, IIPH 3TOM BEIHMUYMHBI TPEHAOB MeHbIe. CTONT OTMETHTH, YTO Ha OTE PETHOHA B
TEIUTBIH CE30H M Ha TEPPUTOPHH, B II€JIOM, B Hadaje X XI Beka HaONMIOMaeTCsl YBEINICHUE TSKEIBIX «XBOCTOBY
(yHKINHU pacTpeieleHus B 00JacTH KCTPEMaTbHBIX OTPHIIATEIBHBIX 3HauYeHUH (10 10-To mpornenTmist). 9T1o
O3HAUACT, YTO B MOCIEIHEE ACCATUICTHE Ha Beell Tepputopuu 3anaaHoi CHOMPH MPOUCXOANUT 3HAYNTEIBHOE
YMEHBIIIEHHE aTMOC(EPHBIX 0CaKOB B OTACIBHBIX PallOHAX, YTO MOXKET OBITH CBA3aHO C YBEIMUCHUEM YHCIIa
COOBITHII ¢ aHOMAIbHO HU3KUM KOJIMYECTBOM OCA3JKOB, HAIPHMED, € 3acyXaMH. MOKHO MPEATIOI0KHUTD, YTO
Takasl TeHICHIMA 00yCIOBJICHA BIUSHUEM aTMOc()epHON IMPKYISALIUK, B YACTHOCTH, Pa3BUTHEM IIPOLIECCOB
arMocgepHoro 610knpoBaHus B peruone [3]. Bo Bropom BpemenHom maTepBaie 1999-2015 rr. mporecc yBe-
JIMYCHNUS KOJUYECTBA 0CAAKOB pa3BUBAETCS 00JIee NHTEHCHBHO, U B 00JIaCTH TOJIOKUTEIBHBIX CPEIHETOI0BBIX
3HaueHui HaxomuTes yxe okoio 80% Teppuropuu. IIpu 3TOM 0671aCTH, B KOTOPBIX HPOUCXOIUT YBEITHUCHNE
0cankoB co ckopocThio 6oee 30 MM/ 10 JeT, pacmonararoTcst M0 BOCTOYHOM TPAHUIBI pETHOHA, a 00IacTH, B
KOTOPBIX TIPOUCXOINT YMEHBIIeHNE ocankoB (MeHee -30 MM/ 10 s1et) — Boons Ypanbckux rop. Takne oco6eHHO-
CTH B IPOCTPAHCTBEHHOM pACHpeieNieHHN (POPMHUPYIOTCS 3a CUET BIMSHUS IUPKYISIIUOHHBIX ()aKTOPOB U pe-
needa MECTHOCTH.

Jliisl TIOHMMaHus XapakTepa MPOUCXOSIINX aTMOC(EPHBIX MPOLECCOB MO JaHHBIM peaHannza ERA-
Interim nosyueHsI cpeTHEMECSIUHBIE 1 CE30HHBIE OLICHKH KaK JINBHEBBIX, TAK M OOJIOKHBIX OCA/IKOB.

ITpu cpaBHEHNU METMAHHBIX OLICHOK (DYHKIIMH pacIpeieICHus, TOCTPOSHHOM 3a /1Ba BPEMEHHBIX HHTEP-
Bama (1979-1998 rr. u 1999-2015 rr.), BeIsIBICHO, 4TO B Hayaje X XI Beka B TETUIBIA CE30H IIPOUCXOINT YBEIH-
YeHHe TJIOIIA ! BBITAICHNS INBHEBBIX 0cankoB Ha ~10% (puc.la). IIpu 3ToM A1 TEIUIOTo M XOJIOAHOTO CEe30-
HOB XapaKTEPUCTUKN OOJIOXKHBIX OCAJKOB MPAKTUUECKH HE MEHSIOTCS MPU MEPEX0Je OT OAHOTO BPEMEHHOTO
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Puc. 1. BoibopouHas dyHKLMA pacnpefeneHuns B TeNbli Ce30H 3a Nepuop AnA ceBepHoM YacTu 3anagHon Cubmpwu: a) nue-
HeBble 0CafKK; 6) 06710¥Hble 0cafKkW. CUHAS IMHWA — MeAMaHHbIE OLEHKM 1A KaXKA0ro BPEMEHHOIO MHTEpBara.
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SESSION 1

HHTEpBasa K 1pyromy (puc.106). beumm Taxke paccauTaHbl ONEHKH TPSHIOB IS KaXKIOTO BUIA OCAIKOB 3a J1BA
BpeMeHHBIX nHTepBaia (1979-1998 rr.  1999-2015 rr). [TockonbKy BCE MOMYYCHHBIC OLEHKH TPECHIOB IS
0OJIOKHBIX OCAJIKOB CTaTHCTUYECCKH HE3HAYMMBI, MOXKHO JIMIIb MPEANOI0KHUTE, YTO BO BTOPOM BPEMEHHOM
WHTEpBaJIe HAMETHIIACh TEHACHIUS K MX POCTY B X0nonHbIH ce30H (-0,15+1,10 mm/10 et u 0,90+1,61 mm/10
JIeT 3a MEPBBIH W BTOPOW MHTEPBAJ, COOTBETCTBEHHO). JlJIsl TEIUIOrO CE30HA OLEHKH TPEH/I0B COCTABISIIOT
-0,19+0,74 mm/10 et u -0,65+1,27 mm/10 et 3a mepBHIii U BTOPOI HHTEPBAJI, COOTBETCTBEHHO. OTHAKO, MOXK-
HO CKa3aTh, 4TO U BCeH TeppuTtopun 3amagnoil Cubupwu, B mesoM, HaOMIOMaeTCsl CTATUCTUYECKH 3HAYMMOE
YMCHBIIICHNE KOJMYECTBA JHMBHEBHIX ocamkoB (-2,12+1,21 mm/10 ;mer 3a 1999-2015 rr., B cpaBHEHHH C
0,31+£0,90 mm/10 meT 32 1979-1998 rT).

Uro KacaeTcst TOCTPOEHHBIX KapT MPOCTPAHCTBEHHOTO PACIIPE/ICEHHs ISl ABYX pacCMaTpHUBacMBbIX BH-
JIOB OCAJIKOB 32 JIBa MHTEPBaJIa BPEMEHH (HE MIPEICTABICHO), TO CTOUT OTMETHTB, YTO BBISIBJICHHOE YBEITHUCHNE
XapaKTEPUCTUK JINBHEBBIX OCA/IKOB HAOIONAETCS JHIIb B TETUIbIM CE30H HA CEBEpPE PErMOHA, TOTJA KaK MX
YMEHBIIICHNE MPOUCXOIUT B €r0 I0T0-3anaaHoi yacti. OOM0XKHBIE OCAIKU yBEIUIUBAIOTCS HA BOCTOKE 3amnaj-
Hoii CubmpH, mpH 3TOM 0oOIIHpHAas 00TaCTh C OTPUIATEIFHBIMU TPEHAaMHU PACIIOIaraeTCs BIOJb 3arlafHON
TPaHMIIBI TEPPUTOPHUH.

Cremyer OTMETUTD, YTO NIPH pabOTE C KOPOTKMMHU BPEMEHHBIMH PSIAAMHU TS IOy YEHHSI ¥ OTIMCAHMUS ITPU-
YMHHO-CJIEJICTBEHHBIX CBSI3€H HEOOXOMMO COBMEIIEHHNE PE3YIIBTATOB CTATHCTHUYECKOTO aHAIN3a U YUCICHHO-
TO MOZIeNnpoBaHms. B pamMkax nccienoBanus ucmonbs3yercs Moaens «Planet Simulator» [4]. s Bo3mytieHns
KIIMMATHICCKONW CHCTEMBI UCTIONB3YeTCsl pacupennsiii ciienapuiit RCP8.5 (http://climate.uvic.ca/EMICARS/). C
MIOMOIIBIO0 METOAOB YUCICHHOTO MAaTeMaTHYECKOTO MOJICITUPOBAHMS BBISBICHA TEH/ICHIIUS B N3MEHEHUH aHO-
Mannii 00JIOKHBIX U TUBHEBBIX 0caakoB. B konre XXI Beka HanOombIre N3MEHSHHS TIPOUCXOST PEHMYyIIIe-
CTBEHHO Ha CEBEPE PErMOHA: 3/IECh MOXKHO 0XKH/AaTh 3HAUUTEILHOE YBEJIIMUYECHHNE KOJTMUECTBA JINBHEBBIX 0CA/l-
KOB B JIETHHE MECSIIIBI, IPH 3TOM OOJIOKHBIE 0CAKH OyyT yMEHbIIAThCsI. CTONT OTMETHUTD, YTO OCEHBIO TIpeI-
TI0JIaraeTcs POCT, XOTh U CII1a0bIi, KOJTUYeCTBA KaK OJJHOTO, TaK U JPYroro BUIA OCA/IKOB.

25 Puc.2. BHyTp1ronosoit xof} BeIM4MHbI KO-
=4 1879-1998 nnMYecTBa aTMochepHbIX 0CaaKoB A/A CeBep-
—8—1559-2015 HoM YacTu 3anafHoi Cubmpm no AaHHbIM
- 2081-2100 (RCP8.5) MOZeNIMPOBaHUs: a) IMBHEBbIE 0CafKK; 6)

06M0KHbIE 0CaKu.

Takum 00pa3om, HECMOTpPS Ha TO,

YTO TI0 JaHHBIM HHCTPYMEHTAJIBHBIX
HaOJIO/ICHNH 3HAYMMBIX OLIEHOK M3MEH-
YMBOCTH TO/IOBBIX CYMM OCAaJIKOB B Te-
YEHHUE TOCIIEIHUX ACCATHICTUI HE BbI-
SIBJICHO, MOYKHO CKa3arh, 4TO, B LEJIOM,
TEHJICHIUS K YMEHBIICHHUIO KOJINYECTBa
a) 1 2 3 4 5 6 7 8 9 10 11 12 Mecau 0CaJKOB B nepnoE[ 1976-1998 rr. cMeHs-
3 eTcsl TeHJICHIIMEH K MX YBEIWYEHHIO 32

nepuon 1999-2015 rr., npuuem Hau-

25 r OOJIBIINI  CTATHCTHYECKH 3HAYMMBIN

' '9“‘ pocT HaOoaeTcst B CEBEPHON 4acTH
tepputopun 3anagHoid Cubupu B Te-

2
< h bl ce3oH. [Ipu 3TOM Ha 1ore Teppu-

15 TOpUU MOABIIACTCA TCHACHLHUA K (bOp-

unigeHb

05

r-

= v
S MHUPOBAHHIO OTPHUIIATESILHBIX aHOMAIIUH

g —4=1979-1998
= KoJinyecTBa ocaakoB. B mHauame XXI
== 1900:2015 BEKa B TEIUIbIH CE30H Ha ceBepe TeppH-
05 2081-2100 (RCP8.5) TOPUU YBEIMYMBACTCS IUIOIIAIb BBITIA-
’ JICHUsI JUBHEBBIX ocaigkoB Ha ~10%,
0 pu 3ToM Ut Beed 3amanHoit Cubupu

6) 1 2 3 4 5 6 7 8 9 10 11 12 wecan HaOJII0/IaeTCs CTATUCTUUECKH 3HAYMMOE

YMEHBIICHUE STOH BEJIMYHMHBL. Xapak-
TEPUCTUKHU OOJIOKHBIX OCAJIKOB IPAKTHYECKH HE MEHSIOTCS ITPU MIEPEX0/Ie OT OJHOI0 BPEMEHHOT'0 HHTEepBalia K
Japyromy. Takue TEHICHIMH MOTYT OBITh CBSI3aHbI C YYACTHUBIINMHUCS CIy4asMH Pa3BUTHsI KOHBEKTUBHOM (Ky-
YEeBO-JI0XKI€BOM ) 0OJTAYHOCTH.

C 1OMOIIIBI0 METOJIOB YMCIEHHOTO MaTeMaTH4eCKOro MOJICIMPOBAHUS BBISBICH TAKXKE OTKIHMK PErvo-
HAJIBHOW KIMMAaTHYECKON cucTeMsl 3amaaHoii Cubupyu Ha riio0anbHBIe M3MEHEHHUS KJIMMAra, MOJydeHa TeH-
JICHIIUSI B N3MEHEHUH aHOMAaJIHH OOJIOXKHBIX U JIMBHEBBIX OCAJIKOB.

Hccnedosanue vinonneno npu noooepacke epanma llpesudoenma PO MK-2018.2017.5.
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NccnenoBaHme ropofcKoro ocTposa Tensna
Hag KpacHOAPCKOM Mo AaHHBIM ANCTAHUMOHHOIMO
3oHanpoBaHna LANDSAT
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emMneparypa — OAMH U3 KITIOYEeBBIX MTOKa3aTesIel OKpYKatolei MPUPOIHON Cpebl — MOXKET OBITh U3Me-

peHa Ha3eMHBIMH METO/IaMH MJIM Ha OCHOBE CITyTHHKOBBIX JAHHBIX. B yCIOBHAX CHIIBHO pa3peXeHHOM

1 JJaKe COKpAIAIOIIEHCs B MOCIIEIHNE TOBI CETH Ha3eMHBIX METEOCTAHIINIH CITyTHHKOBOE TUCTAHITH-
OHHOE 30HJIMPOBAHNE — JOCTONHAS albTepPHATHBA TPAJAUIIHOHHBIM METO/IaM M3MEPEHUsS TeMIIepaTyphl, KOTO-
past obecriedrBaeT Mojay4eHHe JI0JITOBPEMEHHBIX OIHOPOIHBIX PSIIOB IaHHBIX Ha UCCIIEAYEMbIe TEPPUTOPHUH.

OreHKa TeMIeparypsl TOBEPXHOCTH 3eMIIHM METOAaMHU JHCTAHIIMOHHOTO 30HIMPOBAHUS OCHOBaHA Ha
JaHHbIX TeroBoro nHppakpacHoro (MK) nuanazona. CyiiecTByolHe B HACTOSIIEE BPEMs! CITy THUKOBbIE CH-
CTeMbI 00ecTieunBaloT mosryueHne JanHbix VIK-anana3ona ¢ pa3aumyHON TOBTOPSEMOCTHIO H YPOBHEM JIeTalln-
3aIlUH — OT €XKE/IHEBHBIX C MPOCTPAHCTBEHHBIM pa3pelieHreM | KM/IUKCE 10 eKSHEICIbHBIX C pa3pelieHneM
oxoso 100 M/TTHKCeN; TOYHOCTh U3MEPEHHS TeMIIepaTyphsl cocTaBisieT 1-2 rpagyca. B 3ToM KoHTeKcTe Hanbo-
Jiee MPUBJIEKATENIbHBIMU BBIVISST JAHHBIE CEpUU CITyTHHUKOB Landsat, 61arogapsi COBOKYITHOCTH TE€XHHYE-
CKUX XapaKTepUCTHK, JOCTYITHOCTH MIPUHUMAaeMOH HH(opMaImy, HaTH9HI0 MHOTOJIETHETO apXuBa Haloe-
Huil. Haunnas ¢ 2013 . Ha opbute pabotaer cyTHuK Landsat-8, Ha koTopom yctanoBieH ckanep TIRS, BbI-
TIONHSIOINH CheMKY B IBYX KaHanax MK-nuamasona. Peructpupyemsie nannsie MIK-kananoB nepecyuThiBa-
IOTCSl B PAIHOSPKOCTHYIO TEMIIEPaTypy, KOTopasi, B CBOIO OUepelb, B TeMIepaTypy nmoBepxHocTH. CocTaBHON
YaCThIO 3aKITIOUMTEIBHOTO JTaIa SBISIETCS pacyeT KodQPUIIMEeHTA U3ITydaTelIbHOH CIIOCOOHOCTH (IMHUCCHH).

[Ipenmerom aHanm3a B HacToOsIIEH paboTe SABISUTMCH TEMIIEpATYPHBIX aHOMaJINH B ropojie KpacHospcke u
€r0 OKPECTHOCTAX, KOTOPBIE OIICHUBAINCH MO CITyTHUKOBBIM JaHHBIM Landsat-8. 3amaga cocTosia B BBIsBIIE-
HUHU XapaKTePHBIX TeMIEePaTypHBIX HEOTHOPOIHOCTEH B TOPOJE, MX MPOCTPAHCTBEHHOM MECTOIIONIOKECHUN 1
KOJIMYECTBEHHOM OlleHKe. PacripocTpaHeHHbIi B MOCIIETHUE TO/IbI ISl OITUCAHUSI TIOOOHBIX AP (HEeKTOB TepMUH
— «TOPOJCKOM 0CTpOB Terutay (B aHMIoA3baHOM nuTeparype — UHI, urban heat island). IlenecooOpa3nocTs Ta-
KHUX HMCCIIEOBAaHHUH CBS3aHA C TeM, YTO OHU TOMOTAIOT TOHATHh MPUYMHBI HEOIArompuaATHON 3KOJOTHYECKON
cutryaunu B KpacHosipcke, Me30- 1 MUKPOKIMMATHYECKUX YCIOBHI TOPOICKON Cpebl, KOTOphIE B CBOIO Oue-
peas GOPMHUPYIOTCS O BIUSHHEM aHTPOIOIEHHBIX (pakTopoB. KpacHOsSpCK — ropoa ¢ HaceiacHueM Oosee
MUJUIMOHA YeJIOBEK M KpaliHe HeOaronpusiTHON 3KOJIOTHYeCKOi 00CTaHOBKOM, BXOJSIIIMIA B UUCIIO CAMBIX 3a-
IPSI3HEHHBIX TOpoIoB Poccuu. AHanIM3 U MOJEMPOBaHKE 3arps3HEHNsT aTMOC(EPHOTO BO3/LyXa OCIOKHSIETCS
psioM (akTopoB — 3HAYMTEIBHON HEPAaBHOMEPHOCTBIO penbeda B Ipeliesiax ropoja, TeMIepaTypHbIM Pexku-
MOM paszpesarolieit ropo momnojam peku EHncel, KoTopblii 00yCcIoBIeH pacmonokeHHol B 40 KM OT ropojaa
Kpacnosipckoit 'DC. Bona B EHncee He 3aMep3aeT 3UMOii Jayke MPH 3arpeieNbHO HI3KUX 3UMHHX TeMIIepary-
pax -40°C u B TO e BpeMs OYEeHb XOJIO/IHAs B )KapKUe JIETHHE MECAIBl. B 3TOM KOHTEKCTEe METO/IBI AUCTAHIIH-
OHHOTO 30HMPOBaHUs Ha OCHOBE JaHHbIX MK-1namnazona npuoOperatoT 0coOblii HHTEpEC.

Bcero 6bu10 paccmorpeno 10 6e300maunbix cien Landsat-8 Ha Teppuropuio KpacHosipcka U OKpecTHO-
cTeid, B 6eccHexHbIi nepuox ¢ 2013 mo 2016 rr. 1o pesynsraraM ucciaeoBaHus ObUTH C(OPMHUPOBAHBI CE30H-
HBIE TETUIOBBIE aHOMAJIMH TOPOACKON TePPUTOPHH. BBIITO BBIZICIIEHO HECKOIBKO CE30HHBIX TETIJIOBBIX aHOMAJIb-
HBIX 30H Pa3HOTO THIA — MPUPOTHBIC BO3BBIIIEHHOCTH, TEPPUTOPUH OKOJIO HECKONBKHUX KPYIHBIX TOPTOBO-
pa3BIEKaTEeIbHBIX IIEHTPOB, MPOMBIIUICHHBIE 30HBI Psiia MPEANPUATHH, YYaCTKH TEMJIOBOTO 3arps3HEHUS
CTOYHBIMHU BOJIAMH.
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SESSION 1

Vcrionb30BaHNEe MHOTOBPEMEHHBIX TEIUIOBBIX MH()PAKPACHBIX CHUMKOB MO3BOJISCT BBISBUTH OCOOCHHO-
CTH TEPPUTOPUH, IPOSBISIOLIAECS B €€ TEIUIOBOH CTPYKTYpe, CHOPMHUPOBATH O4ePTaHUS OCHOBHBIX TEIIOBBIX
AQHOMAJIMH{, YTO SABISETCS LEHHBIM MaTEePUaioM Ul MPUPOIHO-KIMMATHIECKOTO 30HUPOBAHUS, HKOJIOT0-Te0-
rpaduIecKuX UCCIETOBAHUH.

Study of the urban heat island over Krasnoyarsk using
Landsat 8 remote sensing data

'"Matuzko A.K., "*Yakubailik O.E.

" Institute of Computational Modelling of SB RAS, Krasnoyarsk, Russia
? Siberian Federal University, Krasnoyarsk, Russia
E-mail: akmatuzko@icm.krasn.ru, oleg@icm.krasn.ru

INTRODUCTION

The temperature at the Earth’s surface can be estimated by ground-based methods or satellite remote sens-
ing data. Satellite remote sensing is the only means of obtaining long-term homogeneous series of land surface
temperature (LST) data. The network of ground-based observations usually is quite rare, so it is important to
obtain information by remote methods. From the values of the thermal infrared spectral bands, it is possible to
determine the radio brightness temperature of the underlying surface. The compilation of temporal temperature
series of the land surface is useful for solving a large number of scientific problems. The information obtained
during the survey of the Earth in the thermal range can be used in geographic science in two main directions. In
the first case, thermal radiation is an indicator of objects, phenomena and processes that are hidden from direct
observation, and in the second case, thermal radiation itself, whose importance is important in climate change
matters, is of interest.

The paper presents the results of investigations the LST anomalies in the Krasnoyarsk city (Russia) and its
suburban area. The urgency of the task is due to the peculiarities of city with a population of more than a mil-
lion people, which is situated 40km below the hydroelectric power station (HPS) on the Yenisei river. Due to
HPS the Yenisei river running through the city does not freeze even in severe winters, when the ambient tem-
perature may fall below -30°C, thus acting as a strong heat and evaporation island. Conversely, in summer the
river is unusually cold.

We used information from Landsat 8 satellite, namely Thermal InfraRed Sensor (TIRS) and Operational
Land Imager (OLI) data, which have 100m and 30m resolution respectively. Ground-based temperature data
from the environment protection state regional system for observing the state of the atmosphere in the Earth’s
surface layer were also used.

URBAN HEAT ISLAND OVER KRASNOYARSK

In recent years, the relationship between the use of urban land and environmental quality has received in-
creased attention in both research and planning [1]. In this regard, the urban climate looms large as one of the
most important parameters, and cities play an important role in increasing the impact of the urban climate.
Built-up areas look like uneven artificial landscapes with building materials, partially different from natural
surfaces. In addition, anthropogenic processes release excess heat and pollution to the surrounding air. Together
they lead to a higher urban temperature compared to a relatively natural environment.

Recently, special attention was paid to the urban heat islands (UHI). The effect of increasing the tempera-
ture of the environment is observed in large cities, where the air temperature throughout the year is several de-
grees higher than in the adjacent areas.

The problem of temperature anomalies is typical for all major cities in the world. Space thermal images
are a powerful source of information for analyzing and forming temperature anomalies within a single territory.
Determination of the nature and boundaries of temperature anomalies will help to understand the causes of the
unfavorable ecological situation in Krasnoyarsk: where, in addition to high industrial emissions, atmospheric
processes influence which cause impurities to linger and concentrate over the city.

Krasnoyarsk is a large industrial center with unique natural and climatic features, caused by terrain condi-
tions and thermal heterogeneity of the terrain. Krasnoyarsk is classified as having a high potential for atmo-
spheric pollution. The valley-like relief of the terrain, high frequency of fogs and vapor over the Yenisei lead to
accumulation of harmful impurities above the main territory of the city.

Krasnoyarsk is located at the junction of three geomorphological countries: the West Siberian Plain, the
Central Siberian Plateau and the Altai-Sayan Mountainous Country. Krasnoyarsk is located on the two banks of
the Yenisei River. Construction of hydroelectric power station on the Yenisei River, led to no freezing during
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the cold season. The air temperature in winter reaches values below -30°C. The formation of temperature
anomalies in the city is affected by the large temperature difference between the nonfreezing Yenisei and the
surrounding area. Thus, the interaction of the two effects of temperature anomalies adversely affects the eco-
logical situation in the city. Therefore, it is important to observe temperature anomalies at different times of the
year using remote sensing data, there are ample opportunities for research in this field.

THERMAL INFRARED REMOTE SENSING DATA

The acquisition of space imagery materials in the thermal infrared range has been accumulating since the
1960s. The American program Landsat began its existence in 1972, since that seven satellites were launched. The
collected archive of images allows analyzing the changes that have occurred on Earth for more than 40 years.

Currently existing satellite systems provide data in IR spectrum range with various frequency and level of
detail — from the daily with 1 km/pixel spatial resolution to weekly with spatial resolution of about 100 m/pixel;
temperature measurement accuracy is 1-2 degrees. In this context, Landsat satellite series data appear to be the
most attractive due to the combination of technical characteristics, availability of received information, and the
availability of a multi-year archive of observations.

Landsat 8 satellite works on orbit since 2013; it acquires data using two different sensors — Operational
Land Imager (OLI) and Thermal Infrared Sensor (TIRS). In general, Landsat-8 images consist of 11 spectral
bands, where the 10th and 11th are in the TIR spectrum range with a spatial resolution of 100 m, which allows
them to analyze the energy of the Earth’s surface rather than the reflection of sunlight [2]. The recorded data of
the TIR channels are converted into brightness temperature, which, in turn, into the land surface temperature.
The calculation of the emissivity is an integral part of the final stage.

At present, there are two main methods for determining the emissivity from the satellite data. The first
method uses the classification of objects in the image, where each class is assigned a specific value of the radia-
tion coefficient (Table 1), and in the second one it is determined on the base of the NDVI index. The first
method is easier to use, but its accuracy is limited and depends on the effectiveness of the classification results
of the image. The second method has a higher accuracy and allows you to calculate the surface emissivity for
each pixel in the image.

From the values of the thermal channels, it is possible to determine the radio brightness temperature of the
underlying surface. Instead of measuring air temperature, as weather stations do, satellite systems measure the
land surface temperature, which is often higher. Theoretically, the accuracy of the temperature estimation is
about 0.5°C, however, the haze in the atmosphere understates the values by several degrees. The initial data for
determining the temperature are the values of the intensity of the radiation coming to the sensor of the satellite
and registered by the corresponding thermal channel. Based on the values of these thermal channels, we calcu-
late the value of land surface temperature using the formula [3]:

TB
1+ (,1%) In(e) (M
2

where 1 — wavelength of emitted radiance, ¢, = h - ¢/s = 1.4388%10° m K = 14388 um K, / — Planck’s
constant = 6.626 - 10-34 I s, s — Boltzmann constant = 1.38 - 10 ** J/K, ¢ — velocity of light =2.998 - 108 m/s, e
—surface emission coefficient, 7, — the At-Satellite Brightness Temperature (K);

T=

Table 1. Correspondence of the land cover classification and the emissivity values.

Land surface Bare soil Vegetation Built-up Water
Emissivity 0.928 0.982 0.942 0.98

The correct determination of land surface temperature is limited to an accurate knowledge of the surface
emission coefficient. The emissivity of the surface is controlled by factors such as water content, chemical
composition, structure and soil roughness. The relationship between the land surface temperature and NDVI
takes into account that vegetation and soils are the main surface coverage for the terrestrial component [4].

e=a+b-1In(NDVI) 2)

where a = 1.0094 and b = 0.047 are obtained by a regression analysis based on a large dataset [7].

To determine NDVI, the red spectral regions and near infrared regions of the spectrum are used:

NDVI = Pir ~ Prep

pNIR + pRED
where p,, 1s the reflection in the near infrared and p,, is the reflection in the red spectrum range.
As to input satellite data, 10 cloudless scenes from Landsat 8 are used as the materials for investigating the

thermal features of the territory of Krasnoyarsk city. These scenes are acquired during the snowless period from
2013 to 2016.

(€)
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SESSION 1

We use the first mentioned method (i.e. image supervised classification) for calculating the emissivity to
obtain land surface temperature in our study. Several GIS operations are required to implement it, but much less
computations than for the implementation of the second method. The land surface temperature is calculated
using the values of the 10th Landsat channel, which underwent the radiometric and atmospheric correction
stage. Software: QGIS 2.18.1 with Semi-Automatic Classification Plugin plug-in [5].

RESULTS AND DISCUSSION

The land surface temperature is calculated by formula (1). We convert the obtained temperature values
into degrees Celsius and on the basis of the values obtained, we compile a land surface temperature map in the
vicinity of the city of Krasnoyarsk. The construction of a hydroelectric power station on the Yenisei River, in
about 40 km from Krasnoyarsk, near the city of Divnogorsk, had a great influence on the distribution of sea-
sonal temperatures in the city and its suburbs.

Changes in the thermal regime of the river as a result of the construction of hydraulic structures in
comparison with natural conditions affect the work of not only the hydropower plant itself, but also water
management facilities, water transport, and water and climate quality. Thus, regardless of the period of the
annual cycle, downstream of the hydroelectric power plants the characteristic changes in water temperature
occur. Specifically, the water temperature in the Yenisei in the city area in the summer is 8-10°C lower than
before the regulation of the river, and, conversely, it is increased by 4-5°C in the autumn months, which cre-
ated certain difficulties in the development of the adjacent territory and had a significant influence on the
climate of Krasnoyarsk [6].

To cut off artifacts on the surface of the earth, which can locally affect the results of calculations, averag-
ing of the obtained temperature values to 100x100 meters resolution has been carried out. As a result, urban
thermal anomalies were obtained from the ten original satellite images. To find the maximum temperature val-
ues within the city, all the images were divided into three seasons: summer, spring and autumn. To determine
the maximum temperature values, six summer imagine were considered (Fig. 1).

The temperature in the places of temperature anomalies is 5-8 degrees higher than the average surface
temperature of the city. Based on the results of the analysis of summer thermal multi-temporal space images,
several thermal zones of different nature were outlined on the territory of the city of Krasnoyarsk. So on sum-
mer images the maximum surface temperature has such zones as natural elevations, shopping centers, indus-
trial quarters.

In the Zheleznodorozhny district of Krasnoyarsk, Pokrovskaya Mountain has the highest surface tempera-
ture. Also in summer, the maximum temperature of the surface and a significant excess of surface temperature
is at the railway station. Figure 1 shows that the highest temperatures observed in summer images are on the
right bank of Krasnoyarsk, where the industrial zone of the city prevails.
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In the Soviet district of the city, located on the left bank, the maximum temperatures prevail in the indus-
trial zones of the city, but also in the places of the concentration of shopping and entertainment centers. The
form of thermal spots corresponds to the form of shopping centers: Planeta, Lenta, June, Aviator, Komandor
and various car dealerships.

CONCLUSIONS

The method for monitoring land surface temperature based on Landsat 8 TIR data is presented. Daily se-
ries of heat images are characterized by high informativity, however, the Landsat 8 satellite which we are con-
sidering does not obtain such images. Our paper is aimed at research of seasonal changes, characteristic differ-
ent features of natural and anthropogenic objects’s seasonal heat emission intensity dynamics could be noted.



Summer heat images are the most informative, industrial objects, residential quarters, forest tracts, water ob-
jects, open soil are detected based on them. Use of multitemporal heat infrared images allows detection of terri-
tory’s features that are manifested in its heat structure, outlining the contours of main heat anomalies, which is
a valuable material for further eco-geographic research.
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High-precision baseline IRKM (Irkutsk) — ULAZ (Ulan-Ude)
according to permanent GPS measurements

'Dembelov M.G., 'Bashkuev Yu.B., ‘Loukhnev A.V.

" Institute of physical materials science of SB of RAS, Ulan-Ude, Russia
? Institute of the Earth’s crust of SB of RAS, Irkutsk, Russia
E-mail: mdembelov®yandex.ru, loukhnev@crust.irk.ru

present, a network of permanent and seasonal GPS observation points has been created within the

Baikal geodynamic ground. Processing of primary data obtained during measurement at GPS measure-
ment points is carried out using a special software package GAMIT [1]. Baikal geodynamic GPS ground con-
sisting of temporary and 8 permanent observation points covers the central and southern part of the Baikal ba-
sin, the Tunkin depression and part of Transbaikalia. Errors that occur when performing GPS measurements
have a significant effect on the accuracy of the determination of coordinates. The upper and middle parts of the
atmosphere (ionosphere) make the most significant impact on the process of propagation of navigation signals.
The GPS receiver system can calculate tropospheric delay without taking into account even the indirect contri-
bution of the ionosphere. Total tropospheric zenith delay (ZTD) is one of the most significant corrections that
are taken into account in high-precision geodetic calculations based on GPS data. The total ZTD delay is the
sum of “dry” or hydrostatic (ZHD) and “wet” (ZWD) components. Component ZWD determines the amount of
total water vapor (IWV) and the amount of water deposited (PW) above the measuring point. Thus, GPS mea-
surements make it possible to obtain initial data for creating new numerical models of tropospheric zenith delay
and total precipitated water vapor for meteorological problems [3].

Beginning from 1999 to the nowadays, high-precision GPS measurements of crustal deformations are
performed within the Baikal geodynamic ground [6, 7]. The observation points IRKM (Irkutsk), ULAZ (Ulan-
Ude) and BADG (Badary) are reference stations of the test site. The base line IRKM-ULAZ is considered.
Since the baseline crosses the seismically active Baikal rift zone, an extension of the baseline over a 19-year
period is observed by about 3.3 cm. A clear seasonal trend is observed in the behavior of baseline variation,
which is mainly due to a change in surface atmospheric pressure. In the summertime, there are minima and an
increased dispersion of values due to the increased amount of water vapor in the troposphere. In the warm sea-
son, an increased level of moisture content causes a stronger refraction of signals in the troposphere than in the
cold season. Also, the variability of water vapor affects the sharp changes in the degree of refraction, and
therefore, on general geodetic parameters.

GPS geodesy is actively used in the study of modern geodynamic processes of the Baikal rift system. At
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BbicokoTo4Han 6a3oBas nuHuA IRKM (MpRyTcK) —
ULAZ (YnaH-Y03) no gaHHbIM NocToAHHbIX GPS nsmepenui

'Nembenos M.T., 'Bawkyes 10.5., *Jlyxxes A.B.

" MucTutyT dusmnueckoro matepuanoseaesua CO PAH, Ynan-Yaa, Poccus
? HcTuTyT 3eMHoii kopbl CO PAH, MpkyTck, Poccua
E-mail: mdembelov@yandex.ru, loukhnev@crust.irk.ru

PS reone3ns akTMBHO NMPHMEHSAETCS B M3yUYEHHHM COBPEMEHHBIX T€OAMHAMHUYECKUX IporeccoB baii-

KaJIbCKOM pu(TOBOI crucTeMbl. B HacTosmiee BpeMs B pamkax balkaiabCKOro reonHaAMUYECKOTO T10-

JIUTOHA CO3/]aHa CEeTh MOCTOSTHHO JEHCTBYIONNX U C€30HHBIX MyHKTOB GPS Habmronenuii. O6padoTka
MIEPBUYHBIX JAHHBIX, MOJYYCHHBIX B Mpoliecce u3MepeHnit Ha myHkTtax GPS m3mepenwii, BBITOTHIETCS TO-
CPEICTBOM CrennanbHOTO porpammuoro nakera GAMIT, pazpaboranHoro B MaccadyceTcKOM TEXHOIOTHYe-
cxom uHcTuTyTe [1]. ChopMupoBannsnii baikaasckuii reonnHamuyueckuii GPS nonuron, cocrosuuii u3 Bpe-
MEHHBIX U 8 TOCTOSHHBIX ITyHKTOB HAOJIOIEHHS, OXBATHIBACT IIEHTPATIBHYIO M IOKHYIO 9acTh baiikambckoit
BIaAWHBI, TYHKHHCKYIO BIAAWHY M 9acTh 3a0aiikaps.

[MorpemHocTy, Bo3HMKaroMMe pu BeIMoTHeHHH GPS m3Mepennii, oka3pIBalOT CYIIECTBEHHOE BIUSHUE
Ha TOYHOCTH OTpeeNeH s KoopauHat. Hanbonee cymecTBeHHOE BIUSHUE HA MPOIIECC PacTIpOCTPaHEHHs Ha-
BUTAIMOHHBIX CUTHAJIOB BHOCUT BEPXHSIS U CPEAHsS YyacTu arMocdeps! (noHochepa). Monocdepa npeacras-
nsieT co00i MOHM3MPOBAHHBIN aTMOC(EPHBIii CIIOW B TMara3zoHe BbICOT npuMepHo oT 50 1o 500 kM. Hannune
CBOOOHBIX 3JIEKTPOHOB B 3TOM CJIO€ BBI3BIBACT 3a/IeP’KKy PAaCIpPOCTPAHEHUs CUTHAJA OT CIyTHHKa, KOTOpas
MPSIMO MIPOTIOPIIMOHATIFHA KOHIICHTPALINH IEKTPOHOB M 00PaTHO MPOMOPIIMOHATBHA KBAJpaTy YacTOTHI pajn-
ocurHaia. /{7 KOMIIEHCAIH OIINOKH OTIpeeIeHHs TICEB0AaIbHOCTH, BOSHUKAIOIIEH TIPU 3TOM, HCIIOIb3Y-
€TCsl METOJ] IByX4acTOTHBIX M3MEpeHnit Ha vactotax L,=1575,42 MI'n u L,=1227,6 MI'nt [2]. [IpueMHuKH
onpeaensoT Ga3oBsie 3aaepkku GPS curnanos Ha 00eux yactorax. [Ipuemuas cucrema GPS curnanos umeet
BO3MO)KHOCTH PACCUUTHIBATh TPOITOCHEPHYIO 3aACPIKKy 0e3 yueTa JJjaske KOCBEHHOTO BKJIaZa HOHOC(EPHI.

[Mosnnas TponocdepHas 3eHnTHas 3aaepkka (ZTD) sinsiercst oHO M3 HanboJee CyleCTBEHHBIX MOIpa-
BOK, KOTOPBIE YYUTHIBAIOTCA TPH BBICOKOTOUHBIX Teofie3nuecknux pacderax mo GPS manuemv. [lomnas 3amep-
xka ZTD sBrseTcst cyMMOM «cyxoi» uiu ruapocrarndeckoil (ZHD) u «BnaxHoi» (ZWD) xommoneHT. Kom-
noHeHTa ZWD onpezensier KonUu4ecTBO CyMMapHOTo BoassHOro napa (IWV) u kommaecTBo ocakaaeMon BOIBI
(PW) man mynkTom m3Mmepenunii. Takum obpa3zom, GPS m3mepenns 1aroT BO3MOXXHOCTD MTOTYYSHUS HCXOIHBIX
JTAHHBIX JUIS CO3/IaHUS HOBBIX YHCIICHHBIX MOJeNell TpomochepHo 3eHUTHON 3a/IepKKH U CYMMapHOTO Oca-
YKIAeMOT0 BOJISTHOTO Tapa JyIsl 3a]1ad MeTeoposioru# [3].

Ioctostaabie GPS n3Mepenus AaroT TEKyIHe JaHHbIE O BIAarocoAep KaHuu TPorochephbl Hal MyHKTaMH
HaOmonenust [4, 5]. BonsHoit map urpaet BakHYIO poJib B aTMOC(EPHBIX Tpolieccax, 3To Handosee Bapradelib-
HBII U3 Becex mapameTpoB Tpornocdepsl. Mi3amenenuns 3nauennii ZWD npakTH4ecku mporopIrHoHaIbHbl BapHa-
IUSIM KOJIMYECTBa Biarocojepkanus B Tporochepe Hax GPS myHKTOM, BO3HHKAET BOBMOKHOCTh UCIIOJB30-
BaTh ceTh GPS m3mepeHuit st MOCTOSHHOTO IUCTAHIIMOHHOTO 30HIUpOBaHus aTMocdepbl. KomudecTBo Bozs-
HOTO Tapa B aTMocdepe HaJl JaHHOI TOYKOM 3eMHOW TOBEPXHOCTH OTPEAEIICTCS B BH/IE BEPTUKAIHHO HHTET-
PUPOBAHHON MacChl BOASHOTO Tapa B pacyere Ha equauily wiomann (IWV). CoorBercTByIoIas mapamerpy
IWYV ocaxxnaemas Boza orpeessieTcs B BUe KOJIOHKH KUAKOH Boabl (PW).

Haunnas ¢ 1999 rona mo Hacrosiiee Bpems B npeienax baikaabCKoro reofnHaMUYeCcKOro TIOJUTOHA BhI-
MOJHSIOTCSE BICOKOTOuHBIe GPS m3Mepenus kopoBbix aedopmaruii [6, 7]. [Tynkrer Habmonenns IRKM (Up-
kyTck), ULAZ (Ynan-Yn3) u BADG (Banapsl) SBIsSIOTCS OTIOPHBIMU CTaHIIUSIMY TionuroHa. Ha puc. 1 mokaza-
HBI paCCYMTaHHBIC N3MEHEHUsI 0a30BOTO paccTostHUA Mexny myHkTamu m3Mmepenns IRKM u ULAZ. Tak kax
0a3oBas JIMHUS MEPECEKaeT CEMCMOaKTHBHYIO balikanbCKyio puQTOBYIO 30HY, HAOMIOMaeTCs YIJIMHEHHE 0a30-
BOM mHMM 3a 19 neTHuit nepruoa npuMepHo Ha 3,3 cM. B moBeaeHnu n3MeHeHns 6a30B0il TMHUT HAOMI0AaeTCs
YETKHUU CE30HHBIN XOJI, KOTOPBIH IITABHBIM 00Pa30M CBs3aH ¢ H3MCHEHHUEM MTPU3EMHOTO aTMOC(EPHOTO J1aBJie-
Hus. B neTHee BpeMs HaOMIOAAI0TCA MUHUMYMBI M YBETHYEHHBIN pa30poc 3HAYCHUH M3-3a MOBBIIIEHHOTO KO-
JIMYeCTBa BOJSIHOTO Mapa B Tporocdepe. B Temnoe Bpems rojia MoBbIIIEHHBIH YPOBEHb BJIaroCOIEPKaHUsI BbI-
3bIBAET OOJIee CUITbHYIO pepaKinio CUTHAIIOB B Tponocdepe, ueM B XoioqHoe BpeMsi. Taioke BaprHadeIbHOCTh
BOJISIHOTO T1apa BIIMSIET Ha PEe3KHe U3MEHEHHs CTeNeH! pedpakiiny, a clie0BaTelIbHO M Ha 00IIHe Teoie3nye-
CKHe TTapaMeTphI.

Ha puc. 2 mpuBeneHs! CpaBHUTEIbHbBIE TPa(UKN JAHHBIX 110 BRICOKOTOYHOM I'e0/1e3UN MKy IyHKTaMH
naomonenns IRKM u ULAZ (nnvuHa 6a30BOM JIMHWW) U U3MEHEHUS TPU3EMHOTO aTMOC(epHOTO JaBIESHUS B T.
Vnan-Yn3 (ULAZ) 3a 2015-2017 rr. HabGmromaeTcst TOBONBHO BBICOKas B3auMHas koppemanus (K=0,83). To
€CcTh, aTMOC(epHOe aBlIeHHEe BHOCHUT CYIIECTBEHHOE BIMsSHHE Ha BhIcOKoTOUHYIO GPS reonesuio. B 10 xe
BpeMsi Ha pUC. 2 MOXKHO HaOJIOAATh MOBBIIICHHYIO BapHAIMIO AaHHBIX 110 JUIMHE 0a30BOIl JTMHUH B TEILIOE
BpeMsi roJia M3-3a yBEJIMYSHHOTO YPOBHS BOJSTHOTO napa B Tporiocdepe. Ha puc. 3 mokazansl rpagukn n3mene-
Huil 3navennit ZTD u ZHD B mynkre n3mepenuss ULAZ 3a 2015-2017 rr. «Bnaxnas» cocrapisromas ZWD
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pasHa paznoctu ZTD-ZHD. «Cyxas» xommonerTa ZHD cocTapiseT onpenensionyio yacts B 3HadeHun ZTD.
A BenrauHa ZWD BHOCHT 3HAUNTETHHO MEHBIITHI BKJIA T B 3HAYCHUE MIOTHOM TPOTOCc(hepHO 3eHUTHON 3a11ep-
JKKH, 0COOCHHO B XOJIOTHOE BpeMs rofia. Puc. 3 Taxke mokaspIBaet, yTo qanHbie 1o ZHD 1 qaHHBIe 110 H3MEHE-
HUIO UTMHBI 0a30BOM JMHWHU B IIEJIOM TaKXKe MMEIOT JOBOJHHO BBICOKYIO CTEIIEHb B3aWUMHOW KOPPEIISAIHU.
3nech ke MOYKHO HaOJIOIaTh, YTO MEPHOIBI MTOBBIICHHBIX 3HadeHn ZWD (Bbimie 2,3 M) B TeTI0€ BpeMs roza,
KOT/Ia HaOIIOaeTCsl BRICOKHI YPOBEHB BIIArOCONIEPKAHUSA B TPOITocdepe, COOTBETCTBYIOT ITEPHOIaM OOIBIITIX
pa3dpocoB maHHBIX 10 AmuHE 6a3oBoil muHIH IRKM-ULAZ. Bnaroconepxanne IWV man myakrom GPS nHa-
Omronenns ompenensercss mo ganaeIM ZWD mocpenctBom cootHomeHus: ZWD=0,583-Tm-IWV [4]. 3necs
Tm — 3T0 «cpemHeB3BEeIeHHAs) 110 YIPYTOCTH BOISHOTO Iapa B BEPTHKATFHOM «CTOJIOE» TeMIIeparypa, KOTo-
past BRIpa)kaeTcsl B BUJIE OTHOIICHHSI HHTETPaioB [3]:

Te Te
T, =jdh/jdh :
T T’
0 0
IJe € — YOpyrocTh BOISIHOTO mapa, mMoap, T —temmeparypa, K, KoTopbie U3MEHSIOTCS B BEPTUKAIBHOM
«croibe» ¢ BICOTOM h.
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Boimonuens! BoicokoTouHble GPS m3Mmepenus
Ha ONOpPHBIX NyHKTax balikanbckoro reoguHaMuye-
ckoro nojurona IRKM u ULAZ, B pe3ysbrare oopa-
6OTKI/I NEPBUYHLIX JaHHBIX MMOJY4Y€Ha JUHAMUKA U3-
MeHeHust JuyinHbl O0a3oBod nuHUM IRKM-ULAZ 3a
nepuof 1999-2017 rr. YanuHeHue TMHUY, Iepeceka-
rorieit baiikanbckyro pudToBOyto 30HY, 3a 19 j1eTHuit
Mepuo]| HaOJIFOIEHUS] COCTABUIIO TIPUMEPHO 3,3 cM.
W3meHeHue auHBI 0a30BOW JIMHUM MMECT YCTKHUI
ce30HHbIN xapakTtep. [lokazaHa JOBOJBHO BbICOKAs
CTCIICHb B3aMMOCBA3U NAaHHBIX 110 UBMCHCHUIO JIJIN- e
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LIEHHBIX 3HAYEHUH «BJIaKHOW» KOMIIOHEHThI IOJIHON Hm IRKM-ULAZ (a) n aTMocdepHOro aaeneHns B r. YnaH-
Tporoc(epHor 3eHUTHOM 3anepkku GPS curnanos Yn33a2015-2017 rr.

(ZWD) B Temnoe BpeMs roia IMepHoaaM OOJBIINX
Pa3dpOCOB JaHHBIX 10 JuIMHE 0a30Boi jTrHUN [RKM-
ULAZ.

HccnenoBanue BBINOJIHEHO NpU (MHAHCOBOM g
nozanepxxke PODU n Munucrepcrsa 00pazoBaHus U ]
Hayku Pb B pamkax HayuHoro mpoexra Ne 18-45- g
030043-p_a. g
Jlumepamypa: 215 : 201 ' Pt
1. King R. W., Bock Y. Documentation for the -
GAMIT GPS software analysis version 9.9 Puc.3. 'padvKkM M3MeHeHWA NosHOM TponochepHon 3e-
// Mass. Inst. of Technol., Cambridge, HWUTHOM 3agepXku ZTD 1 ee «Cyxoi» KoMnoHeHTbl ZHD ans

1999. nyHKTa n3mepennin ULAZ 3a 2015-2017 rr.

ENVIROMIS'2018

3
=
L
o.
o
=
L
=
=
<<
x
>
o
=
o
=<
=
X
]
T
>
o)
=
5
=
<<
=
ol
=
(=)
=
o
=
-]
X
X
(=)
=
=
<<
=
o.
(=]
e
==
=
=
=
=
X
=T
=]
o
o
=
[
L
=t
(=]
=
=
=<
=
=
L
o.
[
=
(5]
=
(=)
=
=<
=
=
=
i
o.
L
e
X
(=]
=
<
<<
X
=
(=]
o
<T
E
=
-
o]
=




ENVIROMIS'2018

(2]
=
i
(=
w
>
(]
=
=
=
<t
=
e
(=]
e
=
(=]
=
<<
(L)
=
|
e
[=]
(=]
=
(7]
=
=
=
<<
=
e
v
(7]
-]
(=]
=
=
—
)
=
=
(=]
=
=
—
i
=
(=]
L
o
—
i
e
v
e
=
(=]
(]
-
=
—
=
(=
<t
=
e
o)
=
=

SESSION 1

2. Agpaiimosuu 2.JI., bawxyes FO.F., Bepneapom O.H., I'ayyyes A.B., [lembenos M.I', [lInvines b.1,
Kobzapw B.A., Kywnapes /[.C., Mycun B.IO., Iywxun I1.1O., Ilepesanosa H.I1. [lemexmuposanue
nepemewaruuxcs UOHOCPHEPHBIX 803MYUEHUL NO OAHHBIM 0OHOBPEMEHHBIX UsMePEHU
INeKMPOHHOU KOHYEHMPAYUU, NOTHO20 DNEKMPOHHO20 COOEPHCAHUA U OONTEPOBCKO2O CMeUeHUs
yacmomul Ha paouogusudeckom komniexce UC3D // 'eomaenemusm u aspornomus. 2004. T. 44, Ne
4. C. 463-475.

3. Bevis M., Businger S., Herring T, Rocken C., Anthes R.A. Ware R.H. GPS meteorology: remote sens-
ing of atmospheric water vapor using the global positioning system // Journ. of Geoph. Res. 1992. V.
97, Ndi4. P. 15787-15801.

4. Jlembenos M.I, bawxyes IO.b., Jlyxues A.B., Jlyxnesa O.®D., Canvkos B.A. [Juacnocmuka
cooeparcanus ammocgeprHoco 8005H02o0 napa no oannvim GPS-usmepenuii // Onmuxa ammocgeput u
oxeana. 2015. T. 28. Ne 2. ¢. 172-177.

5. Jembenos M.I, bawxyes FO.F., JIyxues A.B., JIyxuesa O.®D., Canvros B.A. Brazocooepcarue
mponocgepul 8 batikansckom pezuone no oannvim GPS usmepenuil // XKypran paouosnekmponuxi.
Dnexmponnwiil secypuan. 2016. Ne3. URL: http://jre.cplire.ru/jre/mar16/10/text.pdf.

6. Jlyxnee A.B., Canvrog B.A., Mupownuuenxo A.U., Awypkos C.B, Bvizog JL.M., Canvkos A.B.,
bawxyes IO.F., /lembenos M.I., Kane 3. Cogpemennsvie depopmayuu 3emMHotl Kopvl 8 odnacmu
COUleHeHUs ce2MeHmo8 pugmos yenmpaivHou yacmu baiikaneckou pugmosoii cucmemsl no
oanuvim GPS 2eooesuu // 'eonocusa u ceogusuxa. 2013. T. 54. Ne 11. C. 1814-1825.

7. Canvrog B.A., Jlyxues A.B., Mupownuuenxo A.H1., [loopvinuna A.A., Autypxos C.B., beiz06 JL.M.,
Jembenos M.I, Kane 3., [lesepuiep K. CospemenHvie 20pu30HmManvHvle 08UNCEHU U

celicMuuHocms 10o4cHou yacmu baiikansckotl nadunsl (batikanvckas pugpmosas cucmema,) //
Dusuxa 3emau. 2014. Ne 6. C. 70-79.

Modern changes in the amount of total and lower clouds
over the Siberian region territory

I'in S.N., Lomakina N.Ya. , Lavrinenko A.V.

V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: gfm@iao.ru, Inya@iao.ru

where clouds play a significant role. Like the climate, the cloud cover conditions are subject to a long-
term change.

The first results of our studies of long-term changes in the amount of lower cloudiness over the territory of
Siberia were considered in [1]. However, ones were obtained from the observations of a limited number (25) of
the meteorological stations, so it is impossible to describe in detail

and reliably the features of the spatial distribution of linear trends of such changing over the territory of
Siberia. This paper presents new and more complete information on long-term changes in the amount of total
and lower cloudiness calculated from the data of long-term (from 1969 to 2017) 8-term synoptic observations
of 60 meteorological stations in the Siberian region (http:www/ncdc/noaa.gov/).

The annual curves were used for the statistical analysis of the features of long-term changes in the amount
of total and lower clouds over the territory of Siberia in the period from 1969 to 2017, as well as the linear
trends of the long-term change in the mean annual values and the magnitudes of their intensity (ball/decade).

Analysis of long-term changes in the average annual amount of total cloudiness showed the following.
There is a visible tendency to reduce the average annual amount of total cloudiness in the polar areas of the en-
tire Siberian region (north of 70°N) during the period under review (from 1969 to 2017), and the intensity of
this decrease markedly decreased from west to east (from 0.91 ball/decade in Western Siberia to 0.69 ball/de-
cade — in Eastern Siberia). The negative trends (0.49 ball/decade) dominate in the subpolar latitudes (north of
63°N) in Western Siberia, and there are positive trends (1.63 ball/decade) in the south of Western Siberia (south
of 55-59 °N). At the same time, the trend towards a significant increase in the average annual amount of total
cloudiness prevailed over the most part of Eastern Siberia: there is the intensity trend of 1.74 ball/decade in the
subpolar zone (north of 63°N), and one decreased to 1.09 ball/decade in the south of Eastern Siberia (to the
south from 55-59 °N).

Analysis of long-term changes in the average annual amount of lower clouds showed that the spatial dis-
tribution of the intensities of their linear trends over the Siberian region almost completely repeats the distribu-
tion in the linear trends of the total cloudiness, but with the lower values.

ﬁ n important problem of modern climatology is the problem of global and regional climate change,
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Since the reviewed results are based on data from the 49-year observation series (from 1969 to 2017)
(which is comparable to the scale of climate change) of a large number (60) of the meteorological stations, ones
certainly have high reliability and will be useful in solving various problems of climatology including in the
study of global and regional climate change.

Reference:

V.S. Komarov, S.N. 1l’in, A.V. Lavrinenko, N.Ya. Lomakina, E.V. Gorev, D.P. Nakhtigalova. Climate condi-
tions of low clouds over the territory of Siberia and its modern change. Part 2. Changes of low clouds
conditions / Atmos. Ocean. Opt. 2013.V.26. No7.584-589.

CoBpeMeHHble U3MEHEHUA KONNYECTBA 0OLLIEN U HUMKHEN
obnayHocTn Hag TeppuTopmen CnbmnpcKkoro perMoHa
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@XHOM Tpo0ieMolf COBPEMEHHOM KIMMATOJIOTHH SIBIISETCS TTpodiieMa TII00aNbHOTO U PETHOHATBHOTO

M3MEHEHHUs KIIUMara, T/Ie 3HaUNTEeIbHYIO POJb UrpaeT o0nagyHoCTh. Kak n KIuMar, pexumM 00IaqHoTro

MTOKPOBA TMOJBEPKEH JOITOBPEMEHHOMY M3MEHEHMIO. B mocieaHne rofsl JaHHOMY BONPOCY yAETs-
noch Oompmroe BHuManue [ 1-5]. [IpoBeneHHbIE K HACTOAIIEMY BPEMEHH MCCIIEIOBAHUSA IO JAHHOMY BOIIPOCY
HE TI03BOJISIOT BBIPAO0TATh €MHOTO MHEHHUS O XapaKTepe COBPEMEHHOTO JOITOBPEMEHHOTO M3MEHEHHSI KOJIH-
YyecTBa O0IIel 1 HIDKHEH 00TayHOCTH HaJ TaKUM PeTHOHOM, kak Cubups. JleiicTBuTensHO, cormacHo [ 1-2] Bo
BTOpO# MmonmoBuHe XX B. — Havase XXI B. Haj Teppuropreit CHOMpPCKOro pernona HabIroaanoch yMEHbIIEHUE
KOJIMYECTBa 00JIAaKOB HIDKHETO SIpyca, OHAKO, 110 APYTUM JaHHBIM (CM., Hanpumep, [3—5]), A TOTo e mepu-
0712 XapaKTepHO, HA0OOPOT, YBEIMYCHUE KOJMUECTBA HIXKHEH 00IauHOCTH.

Ha narmm B30I, MpUYIMHON TaKoTO pa3HOIIacus B 3HAYUTEIIHLHOM CTETICHN SBIISETCS HUCTIOIH30BAHUE B pa3-
HBIX IyONUKaIMsAX HECOMOCTaBUMbIX BPEMEHHBIX MHTEPBAJIOB, Pa3IMYHOTO KOJMUECTBA B3SITHIX METEOPOJIOTH-
YECKHMX CTAHIMH, pa3HBIX M0 00bEMY CTaTUCTHYECKUX BHIOOPOK, OOBETMHEHNE B OTHY COBOKYITHOCTh JaHHBIX,
B3SITHIX 32 PA3JIMYHbBIE CPOKH CHHONTHYECKUX HAOMIONEHHH (OT ABYXCPOUHBIX /10 BOCBMHUCPOYHBIX)  T.II.

Y4uThIBas BCE BBIIIE CKA3aHHOE, JUTA OLIEHKH COBPEMEHHBIX TEHICHIIMH JJOITOBPEMEHHOTO U3MEHEHHNS KO-
JryecTBa o0mIel W HIKHEH obmayHocTH Hap Tepputoprueil CHOMPCKOTO pernoHa ObUTH B3STHI MAKCUMAJIbHO
BO3MOXKHBIE (IO JUTUTETBHOCTH) M OJHOPOIHBIC CTAaTHUCTHYECKHUE PSIJIBI, TIONMYyYSHHBIE MO JAaHHBIM 49-TeTHUX
8-CpOYHBIX CHHONTHYECKUX HAOMOAeHNH 60-TH METEOPOTOTHIECKUX CTAHIIMNA. DTO MO3BOJIIIO UCKITIOYUTD TIPH
CTaTHCTHYECKOM aHaAJIN3e TPEHIOB YKa3aHHBIE BBIIIE HEOCTATKH B MUCXOAHBIX JAHHBIX U OMPENENUTh CO 3HAYHU-
TENFHO OOJNBIIEH JOCTOBEPHOCTHIO M JCTATU3alNe MPOCTPAHCTBEHHOE paclpeieleHue JIMHEHHBIX TPEHIOB
JIONTOBPEMEHHOTO M3MEHEHHS KOJIMYECTBa 00IIell 1 HIKHEeH 001auHOCTH 110 TeppuTopuy CHOMPCKOTO perHoHa.

[TepBbie pe3ynbTaThl HAIIMX UCCIISTOBAHUN JOITOBPEMEHHBIX U3MEHEHUH KOJIMYEeCTBA HIDKHEN 00auHO-
¢t HaJ Tepputopueit Cudbupu paccmorpens! B [6]. OHaK0, OHH TTOTYUYEHBI TIO JAHHBIM HAONIOJCHUH OTpaHu-
YEHHOTO YHcia (25) MeTeOpONIOTHYEeCKIX CTAHIUH, YTO HE MO3BOJIMIIO JETAIHHO M IOCTOBEPHO OMHUCATh 0CO-
OEHHOCTH MPOCTPAHCTBEHHOTO PACIIPEACTICHNS JINHEHHBIX TPEHIOB TAKOTO N3MEHEeHH 0 TeppuTtopun Cudu-
pu. B HacTostie#t pabote mpuBOISATCS HOBBIE M HauOoJIee MOTHBIE CBECHHUS O TOJITOBPEMEHHBIX H3MEHEHHIX
KOJIMUECTBA OOIIeH U HIKHEH 00JIaYHOCTH, PACCUNTAHHBIX 11O JaHHBIM MHOTOJeTHHX (1969-2017 1) 8-Ccpou-
HBIX CHHOIITHYECKHX HaO/roAeH it 60-T1 MeTeoposiornueckux cranuii Cubupckoro pervona (http:www/ncdc/
noaa.govy/).

JIyist CTaTUCTHYECKOTO aHajIM3a 0COOCHHOCTEH JONITOBPEMEHHBIX U3MEHCHHI KOJTMYECTBA OOIIeH U HIDK-
Hel oOmayHOoCTH Haj TeppuTopueit Cudbupu B mepuos ¢ 1969 mo 2017 rox ObuIH UCTIONB30BaHBI KPUBBIE MEXK-
TOJIOBOTO X071, a TaK)Ke IMHEWHBIE TPEHABI JOJITOBPEMEHHOTO N3MEHEHHS CPEIHETONOBBIX 3HAYCHUH U BEJIH-
YHHBI UX UHTEHCUBHOCTH (0asuiel/ 10 neT).

PaccMoTpuM pe3ynbTaThl CTAaTUCTHYECKOI OIIEHKH COBPEMEHHBIX TEHACHITHH JONTOBPEMEHHOTO H3MEHe-
HUSI KoJIndecTBa o0Ieil 1 HiKHell 001a4HOCTH, HAOMIOaeMbIX B Pa3IMuHbBIX (U3HKO-Teorpaduieckux paio-
Hax Cubupckoro peruona. IIpu 3ToM ocTaHOBHMCS Ha aHAJIN3€ U3MEHEHHUS CPEIHETOI0BOTO KOIUYECTBa 00-
e ¥ HIDKHEN 00JIaYHOCTH.

O xapaxTepe 3THX TPEHI0B MOXHO CYIUTH 10 PHC. |, TIe B KauecTBe MprUMepa MPUBEICHbBI KPUBBIE MEKTO-
JIOBOTO M3MEHEHMsI CPETHETOIOBOTO KOIMUECTBa 0011Iel o0naunocTH 3a iepuon 1969—2017 IT. u COOTBETCTBY-
OIIFe UM JIMHEHHBIE TPEHIbI, TIOJTyYeHHBIE JIIs1 HEKOTOPBIX XapaKTEePHBIX METEOPOJIOTHYECKUX cTaHIMi CH-
OMPCKOTO PEernoHa, a TaKke 1Mo pHc.2, Ha KOTOPOM TOKa3aHbI TOJTOBPEMEHHBIE U3MEHEHHUS CPEIHETOI0BOTO
KOJIMYECTBA HIDKHEH 00JIaYHOCTH 1 MX JIMHEHHBIE TPEH B! TS TeX JKe CTaHINH.
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Omck YuTa

Puc. 1. [lonroBpeMeHHble M3MEHeHWA CpeJHEro0BOro KosmyecTBa obLer obnayHocTy (1) M COOTBETCTBYIOLLME UM NINHEN-
Hble TpeH bl (2) 3a nepuog 1969-2017 rr., nonyyeHHble A1A HEKOTOPbIX XapaKTepHbIX METEOPONOrMYeCcKMX CTaHLMin Crubup-
CKOr0 peruoHa.

AHanu3 nONTOBPEeMEHHBIX N3MEHEHH CPETHEr0JOBOTO KOJTMYeCTBa o0IIel oomagyHocTH (puc. 1) mokazan
cnemytoriee. B momsapHbIx paiionax Bcero Cubupckoro permona (k ceBepy ot 70° c.m.) B paccMaTpUBaeMbIit
nepuon (1969-2017 rr.) npeobnagaeT sBHAS TEHACHINS K TOBCEMECTHOMY YMEHBIIICHHIO CPEAHETOIOBOTO KO-
JIM4ecTBa 00mIeil 00Ia4YHOCTH, IPUYEM MHTEHCUBHOCTH 9TOTO YMEHBLICHHs 3aMETHO yObIBasla C 3amana Ha
BOCTOK (Han 3anmannoit Cubupsio oHa 6si1a 0,91 Gamma/10 net, a Hax BocTouHOM — ee 3HAYCHUS yXKE CHIDKA-
muck 1o 0,69 6amna/10 ner). bormee cinokHas KapTHHA B paclpeneieHUH HHTCHCUBHOCTH TOJTOBPEMEHHOTO
M3MEHEHHs KOJIMYeCcTBa HIKHEH 00IauHOCTH XapaKTepHa Ul OCTalbHOH Tepputopur CHOMPCKOTO pernoHa.
B cybmonsipabIx mmpotax (k ceBepy ot 63° c.mr.) 3amagHoit Cubnupu npeoliagaroT OTpUIaTeIbHbIE (C HHTCH-
cuBHOCTHIO 0,49 Gamna/10 set) TpeH s, a Ha fore 3anaanoi Cubupn (roxHee 55-59° c.111.) HabIroIaroTCs Mo~
JIOKUTENBHBIE TPEHIBI (C HHTEHCUBHOCTHIO 1,63 Gaita/10 meT). B T0 ke BpeMs Haz 60bIIoi 9acTeio BocTou-
Hoit Cubupu npeobnagana TSHASHINA K 3HAYUTEIFHOMY POCTY CPEIHET0JOBOTO KOJIMYECTBA 001IIeH 00magHo-
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Puc. 2. [lonroBpeMeHHbIe U3MEHEHWA CPeJHErof0BOr0 KONMYeCTBa HUKHEN 06/1a4HOCTH (a) M COOTBETCTBYHLLME UM IN-
HeWHble TpeHnbl (6) 3a nepuog 1969-2017 rr., nony4eHHble ANA HEKOTOPbIX XapaKTePHbIX METEOPOIOrMYECKMX CTaHLMM Ch-
6upcKoro permoHa.

CTH, B CyOTIOJIIPHOI 30HE (K ceBepy OT 63° c.III.) OHa UMelia MHTCHCUBHOCTS 1,74 Gamra/10 net, a Ha rore Boc-
ToyHOI Crbupu (roxxHee 55—59° c.111.) ee MHTEHCHBHOCTH CHU3MIACK 10 1,09 6amma/10 net.

AHanm3 J0NTOBPEeMEHHBIX W3MEHEHHH CPEIHETOI0BOTO KOJIMYECTBa HIDKHEH oOmadHocTn (puc.2) moka-
3aJ1, 9TO MPOCTPAHCTBEHHOE paCHpeIeICHHE NHTEHCUBHOCTEH MX JTMHEHHBIX TPEH/IOB 110 TeppuTtopuu Cubup-
CKOTO PErvOHa MPAaKTHYECKH TOJTHOCTHIO IOBTOPSIET PacIpe/elieHne HHTCHCUBHOCTEH N3MEHEHHS JIMHEHHBIX
TPEH/I0B 00IIeH 00IauHOCTH, HO MpH OoJiee HU3KMX 3HAUYCHMAX. [leicTBUTENBHO, B MOIAPHBIX paiioHax Cu-
Ooupckoro perroHa B epuon ¢ 1969 o 2017 . Takke MOBCEMECTHO Mpeodiaana TeHACHIUS K YMCHBIIICHIIO
CPETHETOI0BOTO KOJIMUECTBA HIKHEH 00JIauHOCTH, HHTEHCUBHOCTH KOTOPOTO YMEHbIIIaIach C 3ara/ia Ha Boc-
Tok (ot 0,28 6annma/10 et B monsipHBIX paifonax 3anagHoit Cubupu o 0,06 6amna/10 et — B Boctounoit Cu-
6upn). B cydnomspubix mmporax (60-70° c.mr.) 3anagnoit Cubupu npeoOiiafany OTpUIaTeIbHBIE TPEH B,
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SESSION 1

OJTHAKO X HHTEHCUBHOCTH cocTapisuia 0,16 6amna/10 net, Hag ymepeHHBIME (50—60° ¢.111.) IIUpoTaMu TPEHABI
HaOTIOMaMUCh ci1abue mojaokuTenbHbIe (¢ nHTeHcuBHOCTRIO 0,05 6amma/10 ner). B To e Bpems B BoctouHoit
Cubupu HaOIIOATOCH HE3HAYNTENIFHOE YBEIMUSHHIE CPEAHET0I0BOTO KOJIMYECTBA HIDKHEH 00Ta9HOCTH C MH-
TeHCHBHOCTH nopsika 0,1-0,12 6amma/10 neT.

ITockonbKy paccMOTpEHHBIE PE3YIIbTATHI MTOTyYeHBI 10 JaHHBIM 49-TH JTeTHETO psifa Habmonerni (1969—
2017 rr.) (OH COMOCTaBUM C MacIITabaMu KIMMATHYCCKUX M3MEHEHH) U OonbIIoMy yuciy (mopsiaka 60-1r)
CHHONITHYECKHUX CTAHIMH, TO OHU, 6€3yCIOBHO, UIMEIOT BBICOKYIO JIOCTOBEPHOCTH U Oy/IyT MOJIE3HBI IIPH Pellie-
HHUHM Pa3INYHBIX 337124 KINMATOJIOTHH, B TOM YHCIIE ITPU MCCIIEI0BAHUHN TII00ATBHBIX U PETHOHAIBHBIX KIHMMa-
TUYECKUX U3MEHEHUH.
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Synoptic regime of Tomsk in 1993-2016 - as an indicator
of climate change

Sklyadneva T.K., Rasskazchikova T.M., Arshinova V.

V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
E-mail: tatyana@iao.ru, rtm@iao.ru, arvi@ioa.ru

which affects various aspects of our life. The variability of the climate in individual regions is affected

by the repeatability of large-scale atmospheric vortices: cyclones (Zn) carrying precipitation, and anti-

cyclones (Azn), which provide long periods of stable and cloudy weather, as well as the air mass change, which
leads to a significant change in the concentration of atmospheric trace gases and aerosols.

Here, we present results of the analysis of interannual variability and frequency of atmospheric pressure

systems (APS) and air masses of different types observed in Tomsk region over the period from 1993 to 2016.

ﬁ t present, one of the most important problems facing humanity is the global warming of the climate,
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The following types of APS were analyzed: cyclones, anticyclones, troughs, ridges, low- gradient baric fields,
and contrast zones (areas of high-gradient baric filed between Zn and Azn).

It is shown that the average frequency of cyclones and anticyclones was 15.3 and 20.1%, respectively,
contrast zones — 10.4%, troughs and ridges — 19.6 and 12.6%, respectively, low-gradient baric fields — 14.4, and
saddles — 5.6% over the period from 1993 to 2016 (Fig. 1).

A temperature regime of the region significantly depends on incoming air masses. There is a tendency to
decrease in the frequency of Arctic air mass occurrence and increase in subtropical air one. During the past de-
cade, tropical air masses have become to be observed more often in our region, especially in spring (Fig. 2).

This work was supported by RSF, grant No 17-17-01095.

CuHonTuyeckun pexknm TomcKa B 1993-2016 r.
KaK MHOMKaTOpP U3MEHEHUA KnMMaTa

CknagHesa T.K., Pacckasuukosa T.M., ApumHosa B.

WUHcTutyT onTukm atMocdepbl uM. B.E. 3yesa CO PAH, Tomck, Poccus
E-mail: tatyana@iao.ru, rtm®iao.ru, arvi@ioa.ru

HaCTOsIIIee BpeMsl OJHOW M3 BAKHEUITUX MPOOIeM, CTOSIIIUX Tepe]] YeTOBEUECTBOM, SIBISETCS TIIO-

OaybHOE TOTEIUICHHE KITMMaTa, KOTOPOe 3aTparuBaeT pa3InyHble acTieKThl Halllel ku3Hu. Mi3MeHeHus

KJIIMaTa MEXIyHapOIHBIM co00mIecTBOM 00cyxaatoTcs Ha ypoBHe OOH 13-32 BO3MOXKHBIX KaTacTpo-
(hUUeCKHX MOCIEACTBUI IS OKPYIKAIOIIEH Cpe/ibl. 3aMETHOE TIOTEIICHHUE KIIMMATa, TPOUCXOIAIIEE B OCIIC -
Hue necsatuietrs B CeBepHOM MOTyIapyuH, 00yCIOBICHO MHOTUMHU IPUYUHAMHE, B TOM YHCIIE U U3MEHEHHUEM
KpynHOMacITabHOM aTMOC(EepHON IUPKYIIAIIIH.

Ha u3MeHYHBOCTh KITUMAaTa OTJAC/IbHBIX PETHOHOB OKAa3bIBACT BIIMSIHUAE MIOBTOPSEMOCTh KPYITHOMACIITA0-
HBIX aTMOC(EpPHBIX BUXPEH: IUKIOHOB (Zn), HECYIINX OCAJIKU, ¥ aHTUIMKIOHOB (Azn), 00€CTIEIMBAIOIITIX
JUTATETLHBIC TIEPUOJIbI YCTOMYMBON M Maj000IaqHON TIOTO/IBI, & TAKKe CMEHOW BO3AYIITHBIX MAacC, MPUBOIS-
el K CyIecTBEHHOMY U3MEHEHHUTO KOHIICHTPAITUU MaJIbIX Ta30BbIX COCTABISIOMUX arMocdepsl. Ha Teppuro-
pun 3amagHoi Cubupu B 2008-2011 rT. IIMKIIOHBI CTaIH O0JIee TITyOOKHUMH, 8 aHTHIINKIOHBI — MCHEE BBIPAYKCH-
HbiMu. Ecii B 19762006 rT. cpenHsiss MHOTOJETHSIS TIPOIOJIKUTENLHOCTD BIUSHUS SIUHIYHOTO ITUKIIOHA CO-
crapisiia 2,9 cytok (6 = 1,4), antunukiona - 2,4 (¢ = 2,5) [1], To B 19762011 TT. cpeausst MpoAOIKUTEb-
HOCTB ITPeObIBaHMsI IIMKJIOHOB Ha TeppuTopur CHOUpH cocTaBuia 7 CyTOK, aHTHIUKIIOHOB -11 cyTok [2].

B nmanHO# paboTe uccienyercs MeXroaoBas H3MEHUUBOCTh THUTIOB OapUYEeCKUX 00pa3oBaHUN U THIIOB
BO3AYIIHBIX Macc B paifone Tomcka 3a 1993-2016 rr.

JIst aHanmM3a WCIoNib30BaHa CHHONTHYecKas 0aza JanHbIX 32 1993-2016 . [3], comeprkarias exedacHyro
nH(POPMALINIO O KOJTMYESCTBE OOIICH U HIDKHEH 00Ja4HOCTH, (popMe 00TaKOB, MIOTOAHBIX YCIOBHSX (HAIHYME
OCaJIKOB M aTMOC(EPHBIX SBICHHI), a TaK)K€ CHHONTHUYESCKUX CUTYaIUsIX, B KOTOPBIE BKIIOYAIOTCS THIT BO3-
JIyIITHOM MaccChl U XapaKTepHbIE TePMOOapudIecKre IeMeHThI B ToMcke. baza TaHHBIX TOTOTHSIETCS TI0 Pe3yb-
TaTaM €KeHEBHOTO aHaIN3a MPU3EMHBIX CHHOTITHUECKHX KapT U KapT Oapuueckoit Tomorpaduu, ¢ UCMOIb30-
BaHHUEM THIHU3AIMH CHHONITUYECKUX CUTYyallni. B THITU3a1IMI0 BXOIAT: pa3InIHbIE YaCTH IUKJIOHOB U aHTHUITHU-
KJIOHOB, TPEOHHM, JIOKOMHBI, CEATOBUHBI, MAJIOTPAJIUEHTHBIC TIOJsI, KOHTPACTHBIE 30HBI (30HBI C OOJNBITUMH
rpaJreHTaMU JaBJICHNS MEXIy HUKIOHAMH M aHTULUKIOHAMH) [4].

[ToBTOpsiemocTh omnpeaenenHoi cutyaiuu (P,%) paccunteiBasiach Kak OTHOIICHHE KOJUYECTBA YaCOB C
KOHKPETHBIMU YCJIOBUSMU K YHCITY CIIy9aeB 3a BECh TIEPUO/.

AHaJIN3 CHHONITHYECKOM 00cTaHOBKH B TOMCKe Mmokasall, 4to 3a rnepuoj ¢ 1993 mo 2016 1. cpeaHsis moBTO-
PSAEMOCTB ITUKIIOHOB U aHTUITUKIOHOB cocTanisiia 15,3 1 20,1% cooTBeTCTBEHHO, KOHTpAcTHOM 30HBI — 10,4%,
TOKOWHBI 1 TpedHst — 19,6 u 12,6%, manorpaauentHoro nods — 14,4 u cenyoBuHbI — 5,6%.

Ha pucysnke | mokazaHa MeKXroioBasi K3MEHUNBOCTh MIOBTOPSIEMOCTH OCHOBHBIX CHHOIITHYECKUX 00pa3o-
BaHuil B Tomcke.
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Puc. 1. MHoronetHu xop,
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W3 pucynka 1 BUIHO, 9TO IUKIOHUYECKHE YCIOBHUS Yalle Bcero Hadmonamucek B nepuoxn 1993-2002 rr. (
P=14,3+27,7%). B 2003-2011 rr. moBTOpsiIeMOCTh MTUKIOHOB OblTa MUHHMANTBHOH (9+11,7%), a B 2012-2016
IT. - YBEIMYIMJIACh U Kojiebanack ot 12,1 mo 17,4%. AHanornyHple TEHACHINT IPOCICKUBAIOTCS U IS aHTH-
nuKIoHa. Bricokas moBropsiemocts Azn B 1993-2004 rr. (17,6+30,9%), Munnmanbaas — B 2005, 2006 romax
(12,2 n 11,9 % cootBercTBeHHO) 1 pocT 10 17,4% B mepuox 2007-2016 rr. Cnenyer Takke OTMETUTD, UTO B
1993-2003 TT. aHTUIUKIIOHWMYECKUE YCIOBUS HAOMIONAINCH 3HAYUTEIBHO Yalle, YeM HUKIOHnYeckne. B mo-
CJIEYIOIIHE TOIBI 3TO pa3HUIIA CYIIECTBEHHO COKpaTmiIack, a B 2015, 2016 rr. moBTopsieMocTs Zn 1 Azn Oblia
MIPAaKTUYECKH OIMHAKoBas. M3 pucynka 1 Taxoke cienyert, uto B nepuoxn 2003-2016 va 10% Bozpociia moBTopsi-
emMocTh rpedHs 1 Ha 20% dvare crana HabIroaaThes JokOKnHa 1o cpasHeHHto ¢ 1993-2002 rr. [ToBropsemocTs
CEIUTOBMHBI COXPAHSIETCS] HA YPOBHE 5% MPAKTHYECKH B TEUEHHE BCETO MCCIIEAyeMOro rnepuoaa. Manorpaau-
EHTHOE IT0JIe BCTpeUaeTCs Jale u koebnercs B mpeaenax 10-20%, a koHTpacTHas 30Ha — 0T 9 o 15% B 1993-
2002 rr. u B mpeaenax 10% B mocieayromme roasl.

OTMeTHM, 4TO TOIOBOM XOJI IMTOBTOPSEMOCTH IMKJIOHOB CJIa00 BBIPAXEH, a aHTHUIMKIOHOB NMeEET Ooiee
BBIPaKCHHBIN XapakTep ¢ MAKCUMYMOM B arnpede (26,8%) 1 MUHIMYMOM, KaK ¥ y IIUKJIOHa, B utone. C HacTy-
IUICHHEM TEIUIa B Mae IIOBTOPSIEMOCTh AZN 3aMETHO Ia/Ia€T U JOCTUIaeT CBOET0 MUHUMYMa B HIOJIE C ITOCTIEy-
FOIIAM POCTOM B ceHTs0pe 10 22,3%.

IToBTOpsieMOCTb KOHTPACTHOM 30HBI B pailoHe TOMCKa 10CTUIaeT MaKCUMaJIbHbIX 3HAYEHUN B XOJIOJHOE
MOJTyTO/INE, @ MUHUMAJIBHBIX — B HIOHE (5,8%). JIOKOMHBI pexe BCero HaOMIONAIOTCs B JICTHEE BPEMSI, B HIOJIE
- 13,2% caydaeB n yacToTa MX MOSBICHMS JOCTUTAaeT MAKCHMAJBHBIX 3Ha4eHUH B stHBape 27%. IloBTopse-
MOCTh I'peOHs B cpefiHeM cocTtasisieT 12,5%. ManorpaaneHTHbIe OIS KaK HOBBIIIEHHOTO, TaK ¥ OHMKEHHO-
TO JIaBJICHUSI UMEIOT MAKCUMaJIbHYIO IIOBTOPSIEMOCTD B JIETHHH TTEPUO.

OmnpeneneHHOE BIMSHUE HAa TEMIIEPaTYypHBIH PEKUM PErHOHA OKa3bIBAIOT MTOCTYIAIONINE BO3AYIIHbBIE
Mmaccel. Ha prucyHke 2 npeicTaBlneHo H3MEHEHHE CpeTHEH T010BOM IOBTOPSIEMOCTH THIIOB BO3/IYIIHBIX MacC B
TEUEHNE BCEro MccieayeMoro rnepruoaa. Habmronaeres TeHACHINS CHIDKEHNS TIOCTYIIJICHHUS B HAIll PETHOH ap-
KTHYECKOH BO3AYIIHOIM Macchl ¥ pocTa MOBTOPSIEMOCTH BTOPKEHUH CyOTPOITMUECKOTO BO3/yXa. 3a MOCIEAHUE
10 et noBTOPSIEMOCTH CYOTPOIMYECKON BO3IYIIIHONW MacChl yBEIMUMIAch B cpeHeM Ha 12,5% 1o cpaBHEHHIO
C TIpenbIIy M AecstuietneM. Cienyer oTMeTuTh, 9To B 2011-2016 rT. yacToTa BTOpKEHHUS CYyOTPOITHNYECKO-
TO 1 apKTUYECKOTO BO3yXa B paifoH TomMcka ObuIa MpakTHYECKH OANHAKOBAs, B ipeaenax 22-30%. ITosropsie-
MOCTh YMEPEHHOI BO3IyIIHON Macchl Koebanach B mpeznenax 32-53%. B mocnenHee gecaTuneTine B HaIIeM
PETHOHE Yallle CTaIN HaOIIOAAThCsl TPOIMYECKHIE BO3LYIITHBIE MACCHI.

Puc. 2. MHoronetHui xog
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Ha pucynke 3 noka3zaHo U3MEHEHHE TIOBTOPSIEMOCTH BTOP)KCHHMS PA3JIMYHBIX THIIOB BO3AYIIHBIX Macc B
paiion ToMcka B pa3HBIC CE30HBI 3a UCCIIEMyeMBbIii Ieproa. BumHo, uto 1o 2008 roma Bo Bce CE30HBI (PUKCHPO-
BAJINCH €IMHUYHBIC CITy4aH BTOP>KEHHUS TPOIIMIECKOTO BO3yXa, a ¢ 2008 I. BEepOATHOCTH IOCTYIJICHUS TPOTIHU-
YECKOTO BO3/[yXa BO3pOCIa.
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Tax B 3UMHHUI TEpHUO/] TOBTOPSIEMOCTh BTOP’KEHHS TPOITNYIECKOT0 BO3AyXa MeHs1ack oT 2,2% (2009 r.) no
11,5% (2014 r.). B Becennuit mepuos 4acToTa BTOPKEHUI TPOMHMUECKOTO BO3/1yXa COCTaBMIa B cpeiHeM 5%, a
B OTJIENIbHBIE TOJIBI BO3pocia 10 8% B mapte, 10 18% B anpene u 10 12% B mae. B neTHHit neproa oTMeueHbI
€AMHUYHBIC CIy4Yau TPOIMYECKON BO3AYIIHON Macchl. B 0CEHHUI nepuo/ NOCTYIUIEHUE TPOIINYECKONH MAacChl
crano Habmonarses ¢ 2011 . ¢ 2011 mo 2014 1. 3,5%, a8 2015-2016 . 8,5%.

Paboma svinonnena npu noooepoicke PH®, epanm 17-17-01095.
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SESSION 1

Energy of atmospheric processes in days of cyclogenesis
in the Ob-Irtysh interfluve

"Tunaev E.L., 'Gorbatenko V.P., 'Kuzhevskaya I.V., 'Barashkova N.K.

* National Research Tomsk State University, 634050, Tomsk, Russia
? Western Siberian Administration for Hydrometeorology and Environmental Monitoring, Novosibirsk, Russia
E-mail: meteo@ggf.tsu.ru, sinoptik@meteo-nso.ru

sphere; herewith smaller scale cyclones can form over different regions on their background, so-
called polar low or local cyclone (LC). Such cyclones often cause forecast errors, because of the lo-
cation of local cyclone centers is difficult to predict. The research of cyclone formation and further develop-
ment is conducted in various fields, but the study of cyclone energy has a significant meaning. It is also worth
noting that the study of local cyclone energy is relevant for enhancement of weather forecasts using by regional
numerical models.
The calculated parameters of the energy of two local cyclones formed over the territory of Western Siberia
on April 24-26, 2016 and December 23-24, 2016 are presented.
To study the energy of cyclones the observation of upper-air sounding at 00:00 and 12:00 UTC were used.
Archive of weather maps was provided by West-Siberian Bureau of Meteorology.

Mid—latitude cyclones (MLC) are the most important elements of the general circulation of the atmo-

The most important types of energy for synoptic-scale atmospheric processes were calculated:
1) Kinetic energy of horizontal motions;
2) Potential energy;
3) Internal energy;
4) Total potential energy.

The obtained results have shown that the cyclonic formations in question have substantial energy reserves
(Table 1). The values of energy of the mid-latitude cyclones have taken from the literature.

Table 1. Mean values of energy for two types of cyclones.

Energy types
Period of cyclone formation Kinetic energy, 106 J/m’ Potential energy, 108 J/m’ Internal energy, 109 J/m’
MLC LC MLC LC MLC LC
April 1.21 0.34 3.62 0.99 1.47 0.25
December 2.53 2.59 3.53 1.68 1.46 0.42

The following is a brief summary of the main results:

In the case of the cyclone observed on December there is a decrease of all types of energy under the influ-
ence of external factors, which corresponds to the process of its transmission to the general circulation of the
atmosphere.

Regarding a less intense cyclone observed on April its kinetic energy was maintained due to the general
circulation of the atmosphere, while the remaining types of energy did not undergo considerable changes.

The value of the potential energy of the local cyclone in December exceeds twice the energy values in
April, and three times higher than the average values of the mid-latitude cyclone energy mentioned in the litera-
ture.

The internal energy of the local cyclones formed over the southeast of Western Siberia (in the Ob-Irtysh
interfluve) is about 3-5 times less than the energy of mid-latitude cyclones.
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JHepreTrKa aTMocdepHbIX MPOLIEeCCOB B AHN LUMKIOreHesa
B Mexaypeybe O6b-MpTbiw

"“Tynaes E.J1., 'Topb6atenko B.., 'Kyesckana U.B., 'Bapawwkosa H.K.

' HaumoHanbHbIi UccnefoBaTenbckuii TOMCKMIA rocyaapcTBeHHbIM yHuBepcuTeT, ToMcK, Poccua
? 3anagHo-CubupcKoe ynpasneHne No ruapoMeTeOpoNorui U MOHUTOPUHTY OKpy:Kaloweli cpeapl, HoBocnbupcek, Poccusa
E-mail: meteo@ggf.tsu.ru, sinoptik@meteo-nso.ru

UKJIOHBI yMepeHHBIX mupoT (LIYI) [7] apnsroTcs BaXXHEUIIMMHU 3JIEMEHTAMH O0IIeH HUPKYISIIH

armocdepbl, Ha UX (oHE HaJ| pa3IMYHBIMU paifoHaMH MOTYT (POPMHUPOBATHCS IIMKIOHBI MEHBILETO

MacmTa0a, Tak Ha3pIBaeMble ME30BUXPH [5] min mectHble nukiIoHsl (ML]). C TakuMu UKIIOHAMU Ya-
CTO CBSI3aHBI OIIMOKH B TIPOTHO3aX METEOPOIOTHUECKHX Toei [11-12], Tak Kak JTOKaJIN3aIuio EHTPa TaKoro
LUKJIOHA TPYIHO CIIPOTHO3UPOBATH. VccnenoBaHue MPOIeCCOB 3apOKICHNS U PA3BUTHS ITUKIOHOB BEAETCS B
Pa3NUYHBIX HAMPaBICHHUSIX, CPEIU KOTOPHIX OHUM M3 HanOOIee BAKHBIX SIBIISETCS U3yYEHHE X SHEPTeTHKH.
C moMoIIbI0 TaKoTO MOAX0/1a 00eCTIeYMBaeT s eAMHAs IIKajla TIPH OLEHKE BKJaa PA3MTUYHBIX aTMOCQHEPHBIX
MIPOIIECCOB B Pa3BUTHE IIMKJIOHOB, YTO MO3BOJSIET ONMUCATh (PH3MYECKHE MEXaHU3MBbI 3TOTr0 pa3sutus. Kpome
TOTO, HAJTMYHME 3HAYUTEIBHBIX 3aIIaCOB KAKOTO-IN00 BH/Ia SHEPTHUH B aTMOC(epe MOXKET UCTIONb30BaThCS B Ka-
YEeCTBE MMPOTHOCTHYECKOTO KpUTEpHs poriecca. I103ToMy n3ydeHue 3HepreTHKA MECTHBIX ITMKJIOHOB aKTyallb-
HO IS YAYUIIEHHS IPOTHO30B ITOTOBI C TIOMOIIBI0 ME30MaCIITaOHBIX MOJIEIEH.

B pabote npeacTaBieHbl pacyeThl MapamMeTpoB SHEPTETUKHA MECTHBIX ITUKIOHOB (ML) yMepeHHBIX IIH-
poT, hopMuUpyronmxcs Haj reppuropueii 3anaaaoi Cubupu Ha MpUMepe IBYyX ITUKIOHUYECKUX 00pa3oBaHui,
HaOmonaBiuxcs 24-26 anpesst u 23-24 nexadps 2016 .

Armpenbekoe 6apudeckoe 00pa3oBaHNUe, OTHOCSIIIEECS TI0 CHHONTUYECKOMY MPOUCXOKIEHUIO K TUITY ITH-
KJIOHOB [13—14], KOTOpBIE COCTABIAIOT MOYTH YETBEPTh OT BCETr0 KOIWYECTBA MECTHBIX ITMKJIOHOB, OBLIO Ya-
CTBIO CEPHH TT00YEPETHO (POPMHUPYIOMINXCS U 3AIOTHSIOIINXCS BOTHOBBIX IIMKIOHOB. [laHHbIe BUXpH 00pa3o-
BaJIMCh B I0XKHOHN YacCTH BBITIHYTOH JT0KOHMHBI OCHOBHOTO IIMKJIOHA C IIEHTPOM, PAcIoIaraBIINMCS B HIKHEM
teueHun p. O0b ¢ koopauHaTamMu 65 c.it., 64 B.1. [lepBblil U3 aHATU3UPYEMOW CEPUH ITMKJIOH BIICPBbIC ObLI
3aMe4eH Ha CHHONTHYECKOM KapTe HaJ 3amagHbIMH paiioHaMu Tomckoii obmactu [15] B 12 BCB 24 anpens
(MuHMMaNBbHOE AaBleHue B ieHTpe coctapmio 1012,4 rlla) u, ObICTpo cMelnasch Ha ceBepo-3arall, BIUICS B
001IyI0 T0XXOMHY OCHOBHOTO LIMKJIOHA. J[Ba CIIEAYIOMHNX 32 HUM aTMOC(HEPHBIX BHXPS MOOYEPEHO 0Opa3oBa-
JIMCh B T€UEHHUE CyTOK 25 ampers B paiione T. HoBocubupck (55 c.i., 83 B.11.), TO €CTh B IIEHTPE UCCIETYyEeMOIt
TeppUTOpuH. MUHUMAaNIbHOE aBieHue B IeHTpax coctasuio 1014,5 rIla u 1014,2 rIla coorBercTBeHHO. [lan-
HBIE IUKIOHIYECKHE BUXPH C(HhOPMUPOBATUCH HAa (PPOHTE OKKIFO3MH NPH BEIHOCE MOpIHi Teruia ¢ Kasaxcra-
Ha. DTH IUKIOHBI MEJJICHHO CMENTAINCh B CEBEpPHOM HaNpaBJIeHUH C JaTbHEeWIuM 3anonaenneM, u k 00 BCB
26 arpes BIHINCH B OOIIYIO JIOKOUHY ITUKIIOHA, IIEHTP KOTOPOTO OITyCTHIICSA K IOTY B paifoHbI I. XaHThI-MaH-
cutick (61 c.., 69 B.1.). Tem He MeHee, elIe MPOCIeKUBATACH HEKOTOPAs 3aBUXPEHHOCTh B pailoHe T. AJiek-
cannposckoe (60 c.m1., 78 B.1.). [TomHOE 3amomHeHNEe MPON30IILTO K KOHITY AHA 26 anpens (12 BCB). Ilpu stom
BCE [IUKJIOHBI M3 CEPHH MPEJCTABIISUIN COO0M BUXPH THaMeTpoM 0kojio 250-300 k.

3uUMHHM OapuuecKuM 00pa3zoBaHHEM ObUT BOIHOBOW HMKIJIOH, 0OPAa30BABIIMICS B BBITSIHYTON JIOKOWHE
OCHOBHOTO IIMKJIOHA, LIEHTP KOTOPOTO pacrojaraycs HaJ ceBepo-3amagHbsiMu paifoHamu Kazaxcrana. Takue
IUKIIOHBI OTIPEIEIISIIOT MOToAy fora 3amannoi Cubupu 6osee ueM B 20 % ciydaeB nukiiorenesa. Kpome toro
3aMeYeHO, YTO YMCIIO TAKHUX IIMKIOHOB B MOCTeIHee AecaTriIeTne ypenuunBaercd [15]. [lukmon 3amonuHscs,
OBICTPO CMEIIAsCh TIOJT FOT0-3aMaJHBIMI TOTOKaMH Ha BOCTOK, C€BEpo-BOCTOK U kK 12 BCB 23 nexabpst nmpou-
30IIJI0 OKKJIFOMUPOBAHNE IOKHOM cHCTeMBI ()POHTOB Haja padioHamMu Mexay ropomamu [opHo-Anraiick (52
c.ur., 86 B.1.) u Abakau (54 c.ur., 92 B.1.). B cTagnn MakCHMaJIbHOTO Pa3BUTHS TAHHBIN [IUKIOH TPEICTABIISII
co0o# BHXpb AnamMeTpoM okoso 600 kM.

s n3yyeHns sHePreTHKH, ONMMCAHHbBIX BBIIIE IUKIOHOB, HCIIOIB30BATINCH PE3YIBTAaTHl CETEBOTO TeMITe-
patypHO-BeTpoBoro 30HANpoBaHKA 3a 00 u 12 4 BcemupHOTO ckoOpAHHUpOBaHHOTO Bpemenu (BCB), a Taroke
CHHOIITHYECKHE U KOJIBLIEBbIE KapThl MOro/ibl U3 apxuBa (pouna nanueix ®I'BY «3ananHo-Cudupckoe YITMCy.

PaccunThiBasich Hanbosiee BakKHbIE ISl aTMOC(EPHBIX MPOIECCOB CHHONTHYECKOrO Maciitada BUJIbI
SHEePIrHUu:

1) KMHeTHYeCKas SHEPIUs TOPH3OHTANBHBIX ABMkeHuit K = (u” + v*)/2;

2) mOTeHIINAIbHAS SHEPTHA T = 27

3) BayTpenHsst sHEprus [ = cvT;

4) monHas nmoTeHIHaIbHast YHeprus L =n-+1.

B npencTaBieHHBIX BRIPAXESHUAX BCE BU/IbI JHEPTUH OTHECEHBI K SMHUIIE MACChl. YPaBHEHUSIMH, OIHCHI-
BalOIMUMHU OaTaHChl SHEPTUN B KBA3UCTATHUECKOM TPUOIVKEHUH (711 IMHUIIBI MacChl), SIBISIOTCS [2, 3, 8,
16]:

K= vy, (1)
2g >
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SESSION 1
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riae V — BeKTOp CKOPOCTH JUIs dIeMeHTa Macchl dm (M/c), z — Bicota (M), g = 9,8 M/c’ — ycKopeHue cBo-
6onHoro magenust, Cv — yaenbHas TEIII0EMKOCTh BO3lyxa 1pu nocrossHHoM oobeme ([x/kr °K), ya — cyxoaau-
abarnuecknii rpamuent (°K/km), T u P — remneparypa (°K) u naBnenue Bo3nyxa (rlla).

Bce anements! ypaBaenuit (1)—(4) paccunThIBaInuCh B KaXJI0H TOUKE (CTAHIIMK), HAXOJSIICHCS B 00JIACTH
IIMKJIOHA, ISl CJIOEB, HAXOJSIIMXCS] MEYKITy OCHOBHBIMH M300apHYECKUMH ITOBEPXHOCTSMH B TOJIIIE aTMOC(EpHI
ot noeepxHoctu 3emu U 710 200 rlla n ObUTH OTHECEHBI K eIMHUIIE TToIaan. Jlanee Tpor3BoaMIIach JIMHEHHA
uaTepnoysinus [1, 4, 9] METeOpOIOrHYeCKHX MOJEH B IIEHTP OapUuecKoro oopa3oBaHus (MECTHOTO IMKJIOHA).
AHaJOTMYHbIE PacueThl SHEPIeTHYECKUX XapaKTEPUCTHK paHee MPOBOJMINCH TOIBKO JUIS IIMKIOHOB OOJBIINX
MacmTaooB (auamerpoM mopsinka 2000 kM)  JUTE YMEPESHHBIX IIUPOT CEBEPHOTO MoTyImapusi [7].

Hacrosiume ucciienoBanus Mmokasaiy, 4TO paccMarpHBaeMble [IUKJIOHHYECKUE 00pa3oBaHus 00nanaoT
3HAYUTENILHBIMH 3aITaCaMM DHEPIHU: KHHETHYECKasi SJHEPTHs B cTOJI0E aTMOCc(epbl OT TOBEPXHOCTH 3EMIIU JI0
200 rlla B 1eKaOpPHCKOM LUKIOHE B CPeIHEM cocTaBiseT 2,59-106 [[/M’, UTo MpeBHIIIAeT aHATOTHYHBIE 3HA-
uenus [3, 8] ans equHMUHOTO cTON6A Beeit armocdeps! (1,5-106 JIx/m’). B anpenbckoM IUKIIOHE 3amachl KUHE-
THYecKoi sHepruu 6b1u Menbie (0,34-106 JIx/M’). [IpudeM 3aMeueHo, 9To B HOUHbIE Yachl OTMEUAIHCh 60-
Jiee BHICOKME 3HAYCHUS, YEM B JIHEBHBIC. DTO MOXKET OBITH 00YCIIOBICHO HATMYUEM OOJIBIINX TEMITEPaTypPHBIX
KOHTPAcTOB B HOYHOE BPEMsl, TIOCKOJIBKY B XOJIOIHOE TOJYTOJHE IIMKIOHBI (OPMHPOBAIUCH MO/ BIUSHUEM
BO3JIYIIHBIX MacC, BBIXO/IMBIIINX C 3al1a/1a M FOr0-3ar1a/ia Ha 00Jiee XOIOAHY O TOJICTHIIAIONLY IO TOBEPXHOCTb.

CpaBHMBasi MOJY4YECHHBIE PE3YJIbTaThl pacueTa SHEPreTHYECKUX XapaKTePUCTHUK MECTHBIX I[MKJIOHOB
(MII) ¢ aHaJTIOTHYHBIMHU TTOKA3aTEIIIMHU ITUKJIIOHOB OOJIBIIETO MaciiTada [7], MOXKHO 3aMeTUTh (Tadi. 1) uto B
Jiekadpe 00a BUXpsl 001aany 3HaUUTEIbHBIMH 3aIlacaMi KHHETHYECKOW YHEPTriH U UMEJIH 3HAUCHHUS OJIHOTO
nopska (2,59 u 2,53 106 /M’ COOTBETCTBEHHO). DTO MOXKHO OOBACHUTH TeM, uTo B 1ekadpe 2016 [10] rona
Obu1a 3HAYMTENIbHAS TTOJIOKUTEIbHAS aHOMAaJIHs TemIiepaTyp (npessienne Ha 1-2°C) u 0cakoB Ha Becel Tep-
putopuu roro-socroka 3amaaHoir CHOMpH, Korna BhINaaano 10 9 MM ocajkoB 3a 12 vaco. B atu nHM ocy-
IIECTBISUICS aKTUBHBIN BBIHOC BO3AYIIHBIX Macc U3 paitoHoB CpenHell A3uu, B TO BpeMs Kak ceBep Ypaia u
Cubrpy HaXOIWIIUCH TI0]] BIMSTHUEM aJIBEKIIMN apKTHUECKOro Bo3nyxa. [loaToMy B J10’)KOMHE OCHOBHOTO IH-
KJIOHA CIIOKHJIUCH YCJIOBHS JUIsl 00pa30BaHMsI 3HAYUTEIIHHBIX TEMIIEPATyPHBIX KOHTPACTOB 1 3aI1acOB YHEPTHH,
Onarozapst 4eMy reHeparyst IIMKIOHa Ipolia 60jiee HHTCHCHBHO.

Tabnuua 1. CpeaHue 3HaUeHMA Pa3NNYHbIX BUAOB SHEPTU M B Pa3HbIX BALAX LMKIOHOB.

Bunei sneprun
Tep HOEHOK?I% ESE?BaHHﬂ Kunernueckast, 106 [x/M* | Horennumansuas, 108 Jhx/m” Bryrpennss, 109 [ix/m’
Oy 7] M HYLI[7] MIQ Oy (7] ML
Ampenb 1.21 0.34 3.62 0.99 1.47 0.25
Jlexabpb 2.53 2.59 3.53 1.68 1.46 0.42

20 B amperne Takke CIOXHINCH aHOMaJIbHBIE IT0-
TOZIHBIC YCIIOBHS [6], KOTIa BECh MOTPaHUYHBIHN CIOH
arMoc(epbl  XapaKTepU30BAJICS  MOJOKUTEITbHBIM
(hoHOM Temmeparypsl Bo3ayxa (puc. 3) ¥ 3HAYUTEINb-
HbIMM 3aracamy Bjaru. B naHHBIN nepuoj 3Hauu-
TEJIHO OOJIBIINE 3amachl KMHETHYECKOH YHEPruu
OTMEUAINCh B paiioHe KPyMHOMACIITA0OHOTO IUKJIO-
Ha (LIYII), no cpaBrenuto ¢ mectHbM (1,21 u 0,34
106 JI/M" COOTBETCTBEHHO).
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Puc. 3. 3D-130noBepxHOCTb MOPOroOBOro 3Ha4eHWA TeMne-
paTypbl Bo3ayxa — T, NOCTpOeHHaA Mo onepaTUBHBIM AaH-
HbIM 30HAVPOBaHUA BEPTUKANbHBIX NPOdUEN pa3nnyHbIX
MeTeoaneMeHToB (ATOVS) 3a 21:50 BCB 22.04.16T.
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PaccmarpuBas 6omee metanpHO 00a ciydast oOpa3oBaHUs MECTHBIX NUKIOHOB (ML) MOXXHO 3aMeTHTB,
YTO B IIPOLIECCE UX KU3HM HanOOJIee CYIIeCTBEHHBIC H3MEHEHNS MTPETePIIeBaIa KHHETHUECKast SHEPTHS.

AHanu3upyst pacrpeneIeHIe pa3IndHbIX BUOB SHEPTUH 10 CJIOSIM MEKTy OCHOBHBIMH H300apU4eCKUMHU
TIOBEPXHOCTSIMH, OBLIO 3aMEUEHO, YTO PACCMOTPEHHbIE MECTHBIE ITUKJIOHBI 00J1a/1aJ11 3HAYUTENILHBIMH €€ 3ara-
caMu B CJI0€ JI0 BBICOT 12,5 KM.

B pesynbrare uccieqoBaHui MOIYYEHO:

ITox nelicTBueM BHEIIHMX (PAKTOPOB B JEKAOPHCKOM IIMKIIOHE MPOMCXOAMIIO YMEHBIICHUE BCEX BHUJIOB
SHEPIHH, YTO COOTBETCTBYET Iporieccy ee nepemadn OL[A.

B ampenbckoM, MeHee MHTCHCHBHOM LIMKJIOHE, KWHETHUECKAs SHEPTHs MojiepKuBaach 3a cueT OLIA,
IIPY 3TOM OCTaJIbHbIC BH/IbI SHEPTUH HE IPETEPIIEBAIN CYLIECTBCHHBIX H3MEHEHUI.

3amacel KHHETHYECKOW SHEPTHH AEKaOPhCKOTO ITUKIOHA OBLTH COMIOCTAaBUMBI C PACCMOTPEHHBIMHE B pabo-
Te [7], a ampeIbCKOTO B YEThIpE pa3a MEHbIIIE.

[ToTenuanbpHas SHEPTHUsT UCCIECAOBAHHBIX MECTHBIX IMKIIOHOB pa3iiMyaiach B Ba pPasa, a 10 CPAaBHEHHIO
CO CPEIHNMH 3HAYEHUAMH APYTUX [IUKIOHOB YMEPEHHBIX IIMPOT JaKe B TPH pasa.

BHyTpeHHSISI SHEPTHs IUKIOHOB, 00pa30BaBIIMXCA HAJ FOTO-BOocTOKOM 3amamHoil Cubupu B 3-5 pas
MEHBIIIE SHEPTUH APYTUX IUKIOHOB YMEPEHHBIX HINPOT.
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SESSION 1

Current observation of lightning activity in Yakutia
by four lightning detectors of different radius

Tarabukina L.D., Innokentiev D.E., Kozlov V.I.

Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia,
E-mail: tarabukina@ikfia.ysn.ru, sku089@gmail.com, vkozlov@ikfia.ysn.ru

vations make a significant contribution to this problem solution. The technology development let the

instrumental observations to be more effective in lightning location and lightning stroke number. The
detection of very low frequency pulses radiated by lightning stroke has being conducted in Yakutia since 1990s
by means of lightning direction finder constructed by ShICRA SB RAS. The direction finder is in free of tech-
nic noise place distanced from Yakutsk at 27 km. The radius of detection was evaluated being from ~200 to
1200 km. The instrumental base was updated by short distance lightning detectors of Boltek Co. The Storm-
tracker device was installed in Yakutsk in 2009. The effective radius is up to 480 km (300 miles). The LD-250
detector was installed in Oktemcy locality at ~50 km from Yakutsk in 2014. In 2009, another detector in Ya-
kutsk was included in the World wide lightning location network (WWLLN). The detection efficiency (DE) of
lightning strokes was 11-15% in average in 2012. All detectors have same design — the whip antenna is con-
nected through amplifier and analog-to-digit converter to the laptop.

The lightning activity season lasts from the end of May to the beginning of September in maximum dura-
tion. The lightning activity depends significantly on latitude: the most active region is in South Yakutia. The
lightning activity season begins earlier and ends later than on other regions. The ShICRA detector and WWLLN
show the two most active areas on the west and south of Yakutia and not much active area on the northeast. The
distance from Yakutsk to thunderstorm center was determined rather well by ShICRA detector: for example,
the small active areas were distinguished on the northwest. Such errors in lightning location are typical for any
one-point lightning direction finder. The same wide distribution in distance values was in measurements by
Stormtracker and LD-250 by which the lightning activity of Central Yakutia was observed. The observation by
LD-250 resulted the lowest number of lightning strokes. The LD-250 measurements showed that the lightning
activity was high for areas along big rivers.

The seasonal variation of daily lightning number has 1-3 periods of high lightning activity. The periods vari-
ate from summer beginning to middle of summer from year to year. There is some periodicity in days number be-
tween two lightning activity peaks: every third year the number is larger than proceeding values. All devices
demonstrate the daily presence of thunderstorm well. The lightning number detected by WWLLN is about 10
times smaller than lightning number detector by means of ShICRA direction finder. The seasonal variations of
daily lightning number detected by Stormtracker and LD-250 have the correlation coefficient around 0,76. How-
ever, the lightning number detected by Stormtracker is 3 times higher than number detected by LD-250.

The thundercloud and lightning forming process remains the subject of discussion. The long-term obser-

The study is partially supported by the Ministry of Education and Science of the Russian Federation and
by Siberian Branch of the Russian Academy of Sciences (Project I11.16.2.1, registration number AAAA-
Al7-117021450059-3), the Program of complex scientific research in the Republic of Sakha (Yakutia)
aimed at the development of its productive forces and social sphere in 2016-2020 and RFBR according to
the research project Ne 18-35-00215 mol_a.

CoBpeMeHHble HabnogeHWA MPO30BOM aKTUBHOCTU B AKYTUM
YeTbiPpbMA AeTeKTOPaMMN PasHoON AanbHOCTY

TapabykuHa J1.[1., UuHoKeHTbeB [1.E., Ko3nos B.W.

WUHcTuTyT KocModmsunyeckux uccneposanuii u asapoHomumn CO PAH, , AryTck, Poccus
E-mail: tarabukina@ikfia.ysn.ru, sku089@gmail.com, vkozlov@ikfia.ysn.ru

KyccHil. HemanoBaxHyro posib B 3TOM BOIIPOCE UIPAIOT A0IATOCPOUHbIe HabmoneHus. C mosBiIeHneM

U Pa3BUTHEM JOCTYITHBIX TEXHOJIOT Ui HHCTPYMEHTAJILHOTO HAOIIONEHHMS, C ONIPEe/IeNICHUEM KOIn4e-
CTBA U JIOKAJIN3ALUH IPO30BBIX Pa3psI0B, HCCICTOBAHUS I'PO3 IPUOOPENH aKTyalbHOCTh BO MHOT'HX PETHOHAX
mupa: ot TpormkoB (bpasmmus, Kopes, Manns, Manaifsust) mo ceBepHbIx mupot (Anscka, Kanana, [lsenus,
Konbckuit nmomyoctpos). Hanbomnee HOCTYIHBIM M TOYHBIM METOJOM JIOKAJIHU3AIUK I'PO3OBBIX Pa3psiioB SBIIs-
eTcsl IeTEKTHPOBAHKE PAIHON3ITydeH s MOJIHUH B oueHb HI3KkodacToTHOM (OHY) nnanaszone.

MexaHmM (hopMHpOBaHUS TPO3OBEIX 0OTAKOB M MOJTHHEBOH aKTHBHOCTH OCTAETCS MPEAMETOM JTHC-


mailto:tarabukina%40ikfia.ysn.ru?subject=
mailto:sku089%40gmail.com?subject=
mailto:vkozlov%40ikfia.ysn.ru?subject=
mailto:tarabukina%40ikfia.ysn.ru?subject=
mailto:sku089%40gmail.com?subject=
mailto:vkozlov%40ikfia.ysn.ru?subject=

HaOsroniennst 04eHb HU3KOYaCTOTHBIX PaJIMOLTyMOB I'PO30BOTO MTPOUCXOXKAEHUS B SIKyTnu BexyTes ¢ 90-x
TOZIOB C TIOMOIIIBIO Tpo30meNeHraropa-natbaomepa pazpadborkun UKOMA CO PAH [1]. I'po3onenenrarop ycra-
HOBJIEH B MECTE CBOOOHOM OT TEXHOTE€HHBIX PAJHMOLIYMOB Ha YJAJCHUH OT I. SIKyTCKa MPUMEPHO Ha 27 KM.
Panmyc nerextipoBanus geToM orieHnBaeTcs B 1200 kM, OJHAKO B CHITy HEJOCTATKOB BEIOPAHHOTO TEXHOJIOTH-
YECKOTO METOJIa PErUCTPanysl HE TPOU3BOIUTCS Ul TPO3OBBIX PA3psIIOB, MPOUCXOAAIMX 10 ~200 KM OT mpu-
6opa. I'po3oneneHraTop NCIoab3yeTcst Al PEIICHNS PA3IMYHBIX 3a/1ad 3UMOM U JIETOM, M3-3a YEro MPOHCXO-
JWUT MEPEKITIOUEHNE PEXMMOB PETUCTPALINH, BIMAIOIIEE HA AMIUTUTYAHBINA MOPOT MPUHIMAEMbIX HMITYJIECOB.
BcneactBre HepaBHOMEPHOTO 110 J1aTe MEPEKIIIOUCHHUS [IBA pa3a B IoJl, a TAKKE TEXHUUECKUX COOEB, pETIpe3eH-
TaTHBHOCTH HETIPEPHIBHOTO PsAa JAHHBIX CHIDKACTCS B Havalle U KoHIIe JieTHero ce3ona. C 2009 1. nHCTpyMeH-
TambHas 0a3a MOMOTHUIIACH HECKOJIBKIMH 00Jiee KOPOTKO JeHCTBYIONIMMH feTekropamu (pupmer Boltek ¢ 3a-
BOJICKO# moBepkoi. OuH n3 mpubopos cepun Stromtracker 6511 yeranosineH B T SIkyTtcke B 2009 1. [2] 3asB-
JICHHBIN Tpon3BoauTeneM 3(p(eKTUBHBIN paguyc ACTEKTUPOBAHUS T'PO30BBIX pa3psamoB paseH 480 km (300
mutb). [IporpamMuoe obecriedenne 0OHOBIIOCH ouH pa3 B 2012 . pyroit mpubop cepun LD-250 [3] ycra-
HOBJICH B MECTHOCTH Heajieko ot ¢. Okremirsl B 2014 1., m3meHeHnit He perepreBan. Taxke B 2009 1. mpuem-
HBII MyHKT, YCTAaHOBJICHHBIH B T. SIKyTCKe, ObUT BBIKIIIOUEH B MHOTOITYHKTOBYIO CETh JIOKAJIU3allUU MOJTHUI
World wide lightning location network (WWLLN) [4]. D¢ ¢dexkTuBHOCT TeTEeKTHPOBAHHUS MOJTHUN THIIOB «00-
nako-3emis» (O3) u «obmako-obmako» (OO) cucTeMsbl rpo30J0Kauy 1o orerkaM Ha 2012 1. B cpeaHeM co-
crasiseT okono 11-15%, n mis momHumit ¢ TokoM Oosee 40 KA — oxoro 25% [5]. Bee 1eTeKkTopsl HIMEIOT CXeMy
pETUCTpALNH, aHAJIOTUYHYIO CIIETYIOIIEH — IIThIpEBast aHTCHHA MOIKITI0UEHa Yepe3 MPEBAPUTEIBHbIN YCHIIH-
TEJb W aHAJIOTOBO-II(POBOIi peoOpa3oBarelb K HOyTOyKY, CHHXPOHH3AINA 110 BpeMeHH HanaxkeHa o GPS
gacaM C TOYHOCTBIO 0 COTEH HaHOCEKYHJ [6]. Bce mprOOps! perucTpupyroT MM UMEIOT PEKUM PETHCTPAIAN
CHTHAJIOB OT/ENBHBIX TPO30BBIX Pa3psaoB 0e3 00bEAMHEHNS Pa3psIOB B MHOTOKOMIIOHEHTHBIE MOJIHMH TIEp-
BUYHON 00paboTKoN. OHAKO MPEUMYIIECTBEHHO PETUCTPUPYIOTCSI MOIIHBIE Pa3psiibl, KOTOPbIC Yallle sBIIs-
IOTCSl IEPBBIMHA KOMIIOHEHTAMH MOJHHU C HECKOJNBKUMH paspsiiaamu [7]. Tum mMoiaHHN, B OCHOBHOM, KpOMeE
Stromtracker, He ompenensercs: cantaerca, uto OHY nmamazon oOecriedrBaeT perucTpaIiiio MOIHUHN THIIa
«obmaxo-3emis» (0O3) u «obmako-o6mako» (O0), ¢ HEKOTOPEIM KOJTMUYECTBEHHBIM ITEPEBECOM B CTOPOHY THIIA
«obmaxo-3emisi». B OHY muamaszone Bo3BparHbiil ynap O3 pa3psaa — JOMHUHUPYIOIINH 110 aMITTATYAE UCTOY-
HUK IPUHAMAEMBIX aTMOC(EPUKOB, T03TOMY KonmdecTBo O3 moMuHUpyeT B «mmoporoBeix» OHY pagmoTexau-
YeCKUX HaONMIOACHUAX IPO30BEIX Pa3psAaoB, naxe ecnn uncio OO pa3psanos B 3,5 paza 6onpire gucia O3 [§].
Ha 10 xI'n nzmydenne or OO monnuit coctasiser npumepao 10% ot usmyuyenust O3 momnuuii [9]. [Tostomy
CUMTACTCS, YTO CHCTEMa PETUCTPUPYET MPUMEPHO paBHOE cooTHoIIeHne kak O3 momuuii, Tak 1 OO MomHUII.

MakcumanbHasi TPOJIOIKUTEILHOCTh IPO30BOI JIESITENIbHOCTH B SIKyTHH COCTaBIISIET OT KOHIIA Masi JI0
Havasa ceHTA0ps. HabmrogaeTcs cuiibHas MPOTHAS 3aBUCUMOCTD TPO3, T/I€ CAMBIM aKTHBHON 00JIACTHIO SIBJIS-
eTcs TokHas yacTh SAkyTtun (puc. 1a,0). [(po30Boii ce30H HAYMHAETCS B ITOH YaCTH paHBIIE U 3aKaHIMBACTCS
noyke. B pesynsrare HaOmoneHnit ¢ momorpio rpo3oneneararopa MKOUA xopormo onpenensiores: 1Ba HH-
TEHCHBHBIX TPO30BBIX O4ara K 3anajy u ory SIKyTun, a Tak’ke Ha CeBEpO-BOCTOKE (puc. 1a), uTo moaTBepxkIa-
ercst WWLLN nanusivu (puc. 10).

Puc. 1. [pumep Kapt
pacripefieNneHuA CyM-

TR

18 800 70 200
' ' LT { mapHoro 3a 2016 . un-
65; 600 ' ' A 150  CnarposoBbix paspAnos
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55 200 50 [laHHbIM @) rpo30meneH-
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PaccrosiHre 10 meHTpa rpo30BOTO ouara JIOCTaTOYHO XOPOIUIO ompesensercs rposomnenenraropom MK-
OUA, Tak HanpuMep, 110 a3UMYTY BBLIEISIOTCS OoJiee MEIIKIE O9aru CeBepo-3anaHoro HampasneHus. OaHa-
KO MPOUCXOJIUT CHIIBHBIN pa30poc NalbHOCTH, YTO HAIPUMEP 3aMETHO B CEBEPO-BOCTOYHOM U CEBEPO-3amal-
HOM HarpasieHusX. [1o100HbIe OMMOKY JIOKAIK TPO30BBIX PA3PsII0B XapaKTEPHBI AT TI000T0 OAHOITYHKTO-
BOTO I'PO30MENEeHraTopa. TakuM ke 00pa3oM BBICOKHI pa30poc MO PACCTOSHHUIO NMPOMCXOANUT B MOKA3aHHUAX
npubopos StormTracker u LD-250, ¢ moMOIIbI0 KOTOPBIX OIEHUBAETCS Ipo30Basi 00cTaHoBKa B LleHTpampHOM
Sxytun. I'pozonenerrarop LD-250 umeeT KOJTMUECTBEHHYIO OIIEHKY YHCIIa MOJHHUH (pUC. 1B) Topasmo HmKe
OTHOCHTENBHO TIOKa3aHuil Stormtracker (y koToporo 6oee HU3KHA MOPOT W KOTOPBIN MpeTHa3HAYEH IS PeTh-
crparuu O3 1 OO pa3psaoB ¢ ONEHKOH MX KOMWYECTBEHHOTO COOTHOIICHHWs) (pHc. IT), a Takke HIDKE, 10
cpaBaenuio ¢ WWLLN. Omgnaxo npocTtpancTBeHHOE pactpenenenue B 2016 1. Xopomo oToOpa3nio 0coOeH-
HOCTb MOJIHUH yZlapsTh dalle B MOWMEHHYIO 4acTh Tepputopuu. StormTracker sBHO 3aBBIIIAET KOJHMYECTBO
I'PO30BBIX Pa3PsIOB (AaXe C y4ETOM MOBTOPHBIX Pa3psiIOB B MHOTOKOMIOHEHTHBIX MOJIHUSX) HA OMMKHUX K
YCTaHOBKE paccTOSHUAX (TIoutH 10 150 Km).

Ce30HHBIH X071 CyTOYHOTO KOJIMYECTBA I'PO30BBIX Pa3psAI0B MOKa3bIBACT HATUINE HECKOIBKHX MEPHOIOB
MOBBIIIEHHOH IPO30BOi aKTUBHOCTH (pHc. 2). Takue meprosl CMEIAOTCs B HAYAJI0 U CEPEUHY JIETHETO ce-
30Ha W3 rofa B ro. B mienmom HabmomaeTcst ot 1 10 3 mepro0B MOBHIIEHHON aKTUBHOCTH. OHU MPOSBIISIOTCS
B IIMPOKOM TIPEJIETIe JIaT: MEPBBIN MUK HAOMIOAAETCs Jallle BO BTOPOH JeKajie MIOHS, BTOPOH MUK — B Havale
UIOJIS, TPETUH — B KOHIIE MIONS WM HadaJle aBrycra.

YCTOHYMBOCTh TAKOTO CE30HHOTO XO/a TOATBEPIKAaeTCsl MHOTroneTHHMH HalmomeHusmu (1979-2006)
(hITyKTyaIllMOHHOM cOoCTaBIsIomeH paanonryMoB Ha gacToTe 8,7 k[ 11 [10]. OT™MedaeTcst Hanu4Ine MePUOIIMIHO-
CTH B BapHALMSIX MPOAOLKUTEIBHOCTH HHTEPBAJIA MEKAY MUKAMU: KayKAbIH TPETHH TOJ1 TPOUCXOANT yBEINYe-
HHUE JUTTEIBHOCTH CIIa00i aKTUBHOCTH MEXTy MUKamu. CHUTAeTCs, YTO HanboIee CHIIbHBIE TPO3BI 00yCIOB-
JICHBI IPOXOKACHUEM IIUKJIOHUUECKOTO (PpoHTa. MOXKHO MPEIION0KNTH, YTO BOSHUKHOBEHUE ITMKOB IPO30BOI
AKTUBHOCTH OTIPEAEISIETCS IUKJIOHNUECKON AEATEIBHOCTBIO, @ OCIa0ICHNE aKTHBHOCTH MEXY MUKaMHU 3aTO-
KOM XOJIOJTHBIX BO3/IyIITHBIX MacC ¢ CEBEPHOTO JIEZIOBUTOTO OKeaHa 1 OJIOKMPOBAHNUEM IIUKIIOHOB.

Bce mpubopsr kadecTBEHHO 0TOOpakaloT HAJTMYXE IPO30BOI aKTUBHOCTH 3a CyTKH. [1o marasiM WWLLN
KOJIMYECTBO 'PO30BBIX PA3PsI0B MMEET 3HAUNUTEIBHO 3aHI)KCHHBIE 3HAYECHUS TI0 CPABHEHHIO C OIHOITYHKTOBBI-
MU rpo3ornenenraropamMu Stormtracker (mouru B 2 pasa) u nansHomepom UKOUA (B 6omee wem 10 pa3) (puc.
2). Bapuaruu o manaeM Stormtracker u LD-250, KoTopbie cMemeHs! APYT OTHOCUTEIBHO APYTa MO ITHPOTE
npuMepHO Ha 50 KM, TOKA3bIBAIOT OTHOCHUTENIFHO CTAOMIBHYIO TIOIOKUTEIBHYIO KOPPEIAINIO: KO3 DUITHESHT
Bappupyer okoio 0,76+0,23, omHako B CpeOHEM KOJHYECTBO Da3psSA0B, PETUCTPHPYEMOE C IOMOIIBHIO
Stormtracker moutu B 3 pasa BeIIIE.
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Puc. 2. lpmep ce30HHOM0 X0fa CYTOHHOIo YMcna rpo3oBbix pa3paaos B 2016 r. no nokasaHnamM WWLLN (cymMapHo Ha
TeppuTopum pagmycoM 480 kM 1 1200 KM Bokpyr r. AKyTcka), Stormtracker, LD-250 v rpo3oneneHratopa-aansHoMepa MK-
OUA.



CyTO4HBIH X0 OOLIEro KOJMYecTBa IPO30BBIX Pa3pAIoB UMEEST BHI MOJYBOIHBI ¢ MAKCHMYMOM OKOJIO
15-20 LT. Habmrogaercst cMeIieHre MaKCHMyMa TIOTYBOJIHEBI B CTOPOHY BEUSPHUX YacOB B HIOJIE U eIIIe OOobIIIe
B aBIyCTe.

Paboma gvinonnena vacmuyno npu GuHaAnco8oti noddepicke Munucmepcemea oopazoe8anus u HayKu
Poccutickoti @edepayuu 6100xcemnoti memvt I11.16.2.1. (nomep cocpecucmpayuu Ne
AAAA-A17-117021450059-3), [Ipocpammbl KOMIIEKCHBIX HAYYHBIX Uccaedosanuti 6 Pecnybnuxe Caxa
(Axymust), HanpaeIeHHviX Ha pazsumue eé nPouU3E0OUMeIbHbIX CUL U coyuarvHou cghepol na 2016-2020
20061 U PODU 6 pamxax npoexkma Ne 18-35-00215 mon_a.
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Non-stationarity of relationship between Siberian autumn
snow cover and Arctic Oscillation in the following winter
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in October on a Arctic Oscillation (AO) behavior in the following winter is appeared.
A territory of Western Siberia (between 55 — 74° N and 60 — 90° E) was considered in the research.
Analysis was provided on the base of NOAA snow cover data with a weekly time resolution and AO index data
with a monthly time resolution for a time period 1979-2016.

A maximum area of the October snow cover (Smax) and a difference between the maximum and mini-
mum area (Sint) were calculated for each year. The AO indexes were considered for each winter month sepa-
rately and on average for the winter season. Correlation coefficients between October Smax, Sint and the fol-
lowing winter AO indexes were calculated for the whole time period (1979-2016) and for the all sub-series in
the period.

The greatest statistically significant values of correlation between Smax, Sint in October and the AO index
in the following winter season (December-February) were observed just in small time series with the length
13-14 years with the beginning of the periods in 1988, 1989. However, significant relationships, in the case of
dependencies between Smax and the AO index, were also noted for periods of 16-23 years, but only for a=0,1.
For 0=0,05 statistically significant correlations were noted only for the series of 10-13 years. The periods with

The purpose of this research is to identify periods where an influence of a Siberian snow cover variation
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the length of 10-13 years with the largest correlations correspond to the positive values of the AO index (at the
end of the 20th century — 1988-2000).

The most strong relationships between Smax, Sint and the AO index were appeared in December. The
greatest significant correlations were obtained for the periods of 14-18 and 20-25 years. In January, the rela-
tionships between only Sint and AO index were identified for the periods of 11-17 years. For February, the sig-
nificant relationships were identified between Smax and the AO index for 0=0.1 for both small time series and
for the periods up to 23 years. For a=0,05 significant relationships were appeared only for three time periods.
Correlations between Sint and the AO index were shown only for a=0,1 for two time periods with the length of
18 and 19 years.

This work is partially supported by RAS Presidium Program Ne 51.

HecTaumoHapHoOCTb CBA3M MeX Ay Bapuauuven niowaaum
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BBEJEHME

HccnenoBanusiM pa3iMYHbIX aCTEKTOB BIMSHHSI CHEKHOTO MOKPOBa, (POPMHUPYIOIIErocs OCEHbI0 Ha 00-
[IUPHBIX TEPPUTOPHAX CYIIH, Ha KPYMHOMACIITAOHYHO HUPKYJIi0 CEeBepHOro MONYyHIApHsi, MOCBSIICHO
MHOXKECTBO Pa0OT, OJJHAKO JI0 CHX TIOp HET MCYEPITBIBAIOIIETO OOBSICHEHHSI BCEX OCOOCHHOCTEH MeXaHHW3Ma
aToro BiusiHUsL. B cBoMx paborax J. Cohen ¢ coaBTOpamu MPeACTABUIN BO3MOXKHBIH MEXaHU3M BITHSIHUS aHO-
MaJIAi TUTOINAIM CHEKHOTO MOKPOBA B OKTSAOpE HAa aTMOC(HEPHYIO JUHAMUKY B IMOCICAYIONIYO 3umy [1]. V1-
BEPIKJIACTCS, YTO TOJIOKUTEIIbHASI TCHACHIIMS CHE)KHOTO MTOKPOBA 3a TOCJIEIHIE JIBA JIECSTUIICTHSI CIIOCOOCT-
BOBAJla 3HAYMTEIHLHOMY BKJIAJly B OXJaX/CHHE BOCTOUHBIX Tepputopuii CeBepHoit AMepuku u ceBepa EBpa-
3un. BOnbinas 4acte HAOMIOIAEMOTO OXJIAKICHHUS SIBISCTCS OTBETOM HA YBEJIWYCHHE CHEXKHOTO MOKPOBA, a
TaK)Ke Ha YBEIMYCHUC B3aUMOCBsI3el MeXIy cTpatochepoii u Tpornochepoii [2]. OnHako, B padote B.B. [lo-
MOBOW C COaBTOpaMH Ha MpHMeEpe OJHOr0 Habopa JIaHHBIX MMOKAa3aHO, YTO HE BO BCE IEPHUOABI OJHO3HAYHO
MOYXHO TOBOPUTH O 3HAYMMOCTH CBSI3eH MeX Ty IUIONaAbt0 cHera u noseaeHueM AK [3].

Lenbto TaHHOTO MCCIICIOBAHUS SBISICTCS BHISIBJICHHE MIEPHO/IOB MPOSIBICHNUS BIUSHHUS BapHAIMH ILIOIIA-
JI CHe)KHOTO MOKpOBa, chopmupoBasiierocsi B Cubupu B oKTsI0pe, Ha OBeIeHNE APKTHYECKOTO KOIeOaHust B
MOCJIEAYIOIINE 3UMHUE MECSIIBI.

HOAHHbIE W METOOVMKA NCCJTEAOBAHUA

Jlnst mccnenoBanus ObUTa BeIOpaHa Tepputopus 3anaanoi Cubupu mexay 55° — 74° c.ur. u 60°— 90° B.11.
Ha a1oii TeppuTOpHUN MPOUCXOAUT UHTEHCHBHOE (DOPMHUPOBAHUE CHEKHOTO MMOKPOBA B TEUEHHE OCEHH, OCO-
OeHHo B OKTsIOpE [4, 5].

B pamkax nccnenoBanust 6611 paccMoTpet nepuoa ¢ 1979 mo 2016 roasl. Mcnonb30Baiich CITyTHUKOBBIE
nanabie NOAA 1o miommaay CHEXKHOTO TIOKpOBa ¢ HEJETbHBIM pasperieHueM mo Bpemenu (https://climate.
rutgers.edu/snowcover/). J{ist Kaxoro rojia GbUIH pacCUUTaHbl MAKCHMAIIbHOE 3HAYEHUE TUTONIA 1 CHEra B OK-
TA0pE (S,,), KOTOPOE XapaKTEPHU3yeT CHEXKHBIN MOKPOB, CHOPMUPOBABIIMICS K KOHILy MecsIa, U pa3HUIlA
MEX1y MaKCHMallbHbIM ¥ MUHUMAaJbHBIM 3HaY€HHEM ILIOIaan (SUHT), KOTOpas JeMOHCTPUPYET MHTECHCHB-
HOCTh YBEJHUYCHMS IUIOINAAN CHEKHOTO TMOKPOBa B paccMaTpUBaeMOM MecsIe. Takxke Ui MCCIeTI0BaHUSI
ObLTH HcTonk30Bans! HHACKCH AK, mpenocrasmsiemsie NOAA (http://www.cpc.ncep.noaa.gov/), BeraucisieMbie
Ha ocHoBe qaHHbIX peanann3a NCEP/NCAR. Uunexcer AK paccMarpuBainuch it KaXKI0TO 3MMHETO MecsIia
OTAETBHO U B CPETHEM 32 CE30H.

Bbty BeIYHCIIeHbI 3HAYCHHS KOAP(UIIMEHTOB KOPPEISIMU MeXIy S, ¥ HHIeKkcoM AK, a Taxke Mexy
S, T HHIEKCOM AK cpemHero 3a 3uMHHMA Ce30H, a TAaKXKe IS KaKI0TO 3UMHET0 MecsIa B oTAeabHOCTH. Koad-
(UIMEHTH! PaCCYNTHIBATIUCH MO BceMy psaay 1979-2016, a Taxke Mo BceM BIOKESHHBIM psAaM (TTOAIEPHOAAM).
Nmes nepuon B 38 1eT, cHavama cuuTanach KOppesius Ui BCEro Meproia. 3aTeM Mepruo/ yMeHbInancs Ha |
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TOJI, ¥ CUMTANIACh Koppemanus 1t moanepuoaos 1979-2015 n 1980-2016. ITo anamoruu pacyeTsl OCYIIECTBIIS-

JIUCH 0 YMEHBIICHUS UIMHBI TIEpHO/Ia BILIOTH 10 10 seT.

PE3Y/IbTAThI

B pesynbrare pacueToB ObIIIM TOCTPOCHBI TTOJIS 3HAYCHUH MOy YEHHBIX KO (PHUITMEHTOB KOPPEISIINH, T/C
10 TOPU3OHTAIBHON OCH TPA(UKOB OTIIOKEHBI TO/IBI, KOTOPBIC SBIISIOTCS HAYaJIOM IIEPHO/IA, IO KOTOPOMY pac-
CUUTHIBAINCH KO (PUIIEHTHI KOPPEISIINH, a TI0 BEPTHKAIBHON OCH — JUTMHA TIeproja (PUCYHOK 1).

| T PR e o i Bl e i
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Tabnumua 1. 3HaumMble KO3QPULMEHTLI KOPPENALMYU MEXK-
ay SMaKc B 0KTAGpe M MHeKcoM AK npy ypoBHe 3HauMMo-
ctn a=0,1. -npHbIM WpKU$TOM BbIAENEHBI 3HAYMMbIE KOp-
penauum npum a=0,05.

m
| |
o
=)

1980 1985 1990 1885

2000 2005

Puc. 1. 3HaueHnA KoahPMLMEHTOB KOppENALMM MEKIY
Svaic (@), S, (6) B OKTABPE M MHAEKCOM ApKTUYECKOO KO-
nebaHusA B 3MMHUI CE30H

HauOosnpiine 3HAYCHHUS KOPPEISIUANA MEKIY

Ne | [lmna nepuona IMepuon | Koppemsiuun Shaxes S B OKTSIOpe U nHACKcOM AK 3a 3umuMi ce-
1 10 1988-1997 0.639 30H (mexabpb-(eBpasb) HAOIIOAAIOTCS HAa HEOOJb-
’ IUX BPEMEHHBIX psifax, AauHON B 13-14 et ¢ Hada-
2 1 1988-1998 -0,626 sioM riepuona B 1988, 1989 rogax (tabdmuier 1 u 2).
3 12 1988-1999 -0,619
4 13 1988-2000 0,616 Tabnuua 2. 3HaunMble KOIDPULMEHTLI KOPPENALIMN MeXK-
5 21 19882008 0370 oy S,.. B OKTAGPe 1 nHaekcoM AK npu ypoBHe 3HaYMMoCTH
. 0=0.1. -npHbIM WpKUPTOM BbIAENEHBI 3HAYMMbIE KOpPPENna-
6 22 1988-2009 -0,366 v npu a=0.05.
7 23 1988-2010 -0,347
8 10 1989-1998 -0,648 Ne | Jiuna nepuoaa Iepuon Koppessinun
9 11 1989-1999 -0,633 1 10 1988-1997 -0,705
10 12 1989-2000 -0,623 2 11 1988-1998 -0,808
11 20 1989-2008 -0,389 3 12 1988-1999 -0,557
12 21 1989-2009 -0,373 4 13 1988-2000 -0,578
13 10 1990-1999 | -0,716 > 10 1989-1998 | 0857
14 11 1990-2000 -0,679 6 i 1989-1999 0,600
15 18 1990-2007 -0,435 7 12 1985-2000 0,621
: 8 10 1990-1999 -0,651
16 19 1990-2008 -0,443
9 11 1990-2000 -0,659
17 20 1990-2009 0,402 10 10 1991-2000 -0,648
18 2 1990-2010 | 0,362 1 17 2000-2016 0.432
19 10 1991-2000 -0,674 12 16 2001-2016 0,420
20 17 1991-2007 -0,449
21 18 1991-2008 -0,454 IIpoBepka Ha 3HAYUMOCTH C MOMOIIBIO #-TECTa
29 19 1991-2009 -0.398 ToKasaJjia, 4TO 3HaYUMbIC KOPPCIIALNN Ha6J’IIOZ[aIOTCSI
: B NEpUOJBL, JUTMHON mpuMepHo 13 ner. OnHako, 3Ha-
23 17 1992-2008 -0,408 YHMBIE CBSI3U, B CIIy4ae 3aBUCUMOCTEN MEXAY S, 1
24 10 2001-2010 -0,545 ungexca AK, Takke OTMEYAIOTCS U ISl IEPHOJIOB,
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JumHoN 16-23 net, Ho ymmts pu ypoBHe 3HaunMocTH 0=0,1. [Ipr 0=0,05 craTrcTHYeckn 3HAYNMBIE KOPPEs-
IIUF OTMEYAIOTCSI JIUITH 715 psioB B 10-13 met.

3a Bech mepuoz B 38 et (1979 — 2016 rr.), nagunas ¢ 1988 u no 2000 romoB 1 nepronos, mmuHOH 10-13
neT, ApKTrdeckoe kojaeOaHue B 3MMHIN CE30H OBUIO MPEHMYIIECTBEHHO B MTOJIOKHUTEIBHON (haze (pUCYHOK 2)
¢ MaKCHMaJIbHBIM 3HAYCHHEM HHAEKca B 3uMy 1988 roma paBubM 2,688. J{71s1 3THX TIEPHOIOB U COOTBETCTBYIOT
HaMOOIBININE U CTATHCTUYECKH 3HAYMMBIC KOA(PPHUITHEHTH! KOPPETISIIHN.
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Puc. 2. BpeMeHHasn M3MeHUMBOCTb BeNIMUMHBI MHLEKca AK B 3UMHUI ce30H, S, (KpacHbIM) U S, (cHUM) 3a nepurog
1979-2016rr.

B Hacrosee BpeMsi MOXKHO CKa3arh, 4TO JUIsl psija JieT S, B TE4EHUN OKTSOPS HAXOAUTCS B HEKOH MTPOTH-
Bo(aze ¢ nnmexkcom AK, cpenuum 3a nocnenyromuii 3uMHAI ce30H (pucyHoK 2). Tak, B T0j1bI HAUMEHBILEH
WHTEHCHUBHOCTH IpHpocTa miomanu cHera (1987, 1991, 1998), kak npaBuiio, HaOIIOAAIOTCS BEICOKHE I10JI0-
JKUTesIbHBIe 3HaYeHust uujekcoB AK. Bpemennast uamenunBocts S, B OKTI0pe nmeer cxoxuil Bua. Tak, B
TOIbI C MCHBINMMHU 3HaueHusMA S, (1988, 1991, 1994, 2007) HabarOMAOTCS MPEUMYIIICCTBEHHO MOJIOXKHU-
tespHble nHIeKehl AK. B 1ieniom, HabnrogaeTcs TeHACHIMS YBEJIMUeHHS Kak S, B OKTSIOpe, Tak u S,,, B Te4e-
HUHM OCEHHET0 Mecsla.

PaccMoTpuM cBsI3M MEXTy CHEXKHBIM IOKpOBOM U nHekcoM AK jutst kakaoro 3umHero mecsua. Han6o-
Jiee SIPKO CBSI3M TPOSIBIISIIOTCS B IeKaOpe Kak st S,,, Tak 1 Ui S, B okTsi0pe. Hanbonbme 3HaunMble Kop-
peIsry HaOJIOIat0TCsI JUIs IEPUOIOB ¢ HauasioM B 1988 roxy u jummtensHocThio 14-18 set. Oqnako npu =0.1
3HAYMMBbIE KOppeysiuu (Mexnay S,.. 1 AK) mpocnexuBarorcss U aisi nepuonos, aiauHHoON 20-25 net. Ilpu
0=0,05 Takxe HaOIIOAAIOTCS 3HAYNMBIE KOPPEJSILIMK B IIepUO/IbL, JuInHOM 20-22 roza.

Jaist stHBapst 3HAYMMBIX KOppesiuil Mexay S, 1 uHaekcoM AK BbisiBieHo He Obu10. OIHAKO, 3HAYMMBbIE
KOPpEJSILMY NOJTy4eHbl Mex 1y nujaekcom AK u S, , HO nuib 11 HeOOobIINX epHoaoB, [utMHol 11-17 ner.
s peBpasist HaubobIKe 3HAYMMBIC JTMHEHHBIC CBs13U pu 0=0. 1 HaOMrOIa0TCs MEXY S|, © HHICKCOM
AK, 1y1e 3HAYUMBIC KOPPEJISIIIMY TPOCISKUBAIOTCS U Il HeOobux nepronoB (10-15 ser), u ist nepuoaos,
JunHHOU 10 23 net. [Ipu 0=0.05 3HaunMbIe KOpPEISAIIH BBISBICHBI IS TpeX nepuozos: 1990-2010 (-0,435),
2001-2010 (-0,700), u 2007-2016 (-0,655). B3aumocssizu mexay unnaekcom AK u S, npu a=0.1 BbIICICHBI

JIMIIB JUIS ABYX nepuojoB, 1990-2007 u 1990-2008, nnurensHOoCThIO 18 1 19 5eT, COOTBETCTBEHHO.

MakKc

3AKJTIOYEHUE

B okTs10pe Ha Tepputopun Beeil 3ananHoi Cubupu HaunHaeT (OPMUPOBATHCS U YCTAHABIMBATHCS CHEX-
HBIN TTOKPOB, HAOIIOAAETCS €T0 MOCTENEHHBIA IPUPOCT OT Hayaua MecsIa K KoHIty. J[s 3MMHEero ce30Ha Kop-
persiiu nipu ypoBHe 3HauuMocTH 0=0,05 moka3zaiu, u4To CBSI3b MEKAY S, Sy B OKTAOpE U MHICKCOM AK
HauOOJIBIIAS U OHA CTATHCTHYECKH 3HAUMMa ISl HeOOJIbIIMX BPEMEHHBIX PsioB, AiuHoM 10-13 ner, HauuHast ¢
1988 rona. [1pu 0=0.1 3Ha4MMBbIe CBS3U TaKKe HAOIIONAOTCS M IS TOJNEPUOAOB ¢ AurHOM 18-19 net, Hauu-
Has ¢ 1990 rona. [lepuonst, ot 10-13 net, xapakTepu3syronyecs: HAHOOIBIINMHI KOPPEIHUAMU B MEXKIO-
JIOBOM XOJIE COOTBETCTBYIOT ITOJIOKUTENIBbHBIM 3HaYeHUsIM MHJeKkca AK, koTopble HaOmonauch B KOoHIe XX
Beka (1988 —2000 rr.). B TeueHue OKTAOPS S,y M S, AT PSLIIA JIET HAXOSITCS B IPOTHBO(DA3e ¢ mHaeKkcoM AK.
B roapl ¢ MEHBIIIMMY 3HAYCHUSIMHE S, U S|, . HAOIIONAIOTCS MOJIOKUTEIbHBIC 3HaYeHUs nHaekca AK B 3uMHUI
CE30H.

Haubonee sipko CBSI3U MEXIY S, .. u uaaekcom AK nposiBisirorest B nekadbpe. Haubomnbinue koppestsi-
LUK HAOJIIONAIOTCS VIS IEPUOA0B, JUIMHHOM 14-18 net. Takxe, npu 000MX YPOBHSIX 3HAYUMOCTH BBISIBIICHBI

3HAYUMBIE CBSI3H JJIs IEPHOJIOB, ATHHOIT 20-25 neT.

S,

MHT



B sHBape ObUTH BBIABICHBI CB3U ¢ HHACKCOM AK mums s S, ¥ TOTBKO TSt IEpHOAOB, UIMHHOHK 11-17
JIET.

s GeBpans BBIABICHBI 3HAYNMEBIE CBSI3U MEXIY S, ¥ nHAekcoM AK mpm 0=0,1 xak 11t HeOOIBIINX
BPEMEHHBIX PSIOB, TaK U I IeproaoB 10 23 net. [Tpu a=0,05 3HaumMbIe CBSA3M MPOSBIIAIOTCS JIUIIH IS TPEX
nepronoB. Koppensmun mexny S,,, n nagekcom AK 6putn BeIsBIIeHB! Tums mpu o=0,1 11d 1ByX mepuozos,

mmHHOoM 18 1 19 ner.

Paboma nodeomosnena npu noooepoicke npoepammul npeauduyma PAH Ne 51 « HUzmenenue kaumama.
APUYUHBL, PUCKU, NOCTEOCMBUSL, NPODIeMbl A0ANMAYULL U PE2YTUPOBAHUS»

Jlumepamypa:

1. Cohen J., Barlow M., Kushner P.J., Saito K. Stratosphere-troposphere coupling and links with Eur-
asian land-surface variability. // J. Climate. 2007 V. 20 P. 5335—5343.

2. Cohen J. Eurasian snow cover variability and links with stratosphere-troposphere coupling and their
potential use in seasonal to decadal climate predictions. Climate Test Bed Joint Seminar Series.
NCEP, Camp Springs, Maryland, 2011 [Electronic resource]. — URL: http://www.nws.noaa.gov/ost/
climate/STIP/FY11CTBSeminars/jcohen_062211.pdf

3. [Ilonosa B.B., lllupsiesa A.B., Mopososa I1.A. Cpoxu ycmanoenenus CHeICHO20 HOKPOBA HA cegepe
Espasuu: npsmole u 0b6pamubie ce53uU ¢ KPYNHOMACWmMAaobHo ammocheprot yupkyisyuet. JIEO u
Cnee. 2014; 54 (3): c. 39-49.

4. Gong G., Entekhabi D., Cohen J. 2003. Modeled Northern Hemisphere winter climate response to
realistic Siberian snow anomalies. J. Climate. v. 16. pp. 3917-3931;

5. Hvimnukos B.I1., Bonooun E.M., I'anun B.A., [azynoe A.B., [puyyn A.C., Juanckuii H. A., JIvikocos
B.H. 2003. Knumam u e2o uamenenus: Mamemamuieckasi meopusi U YuUCieHHoe MOOeIUposaHue.
Cubupcrutl JHCypHan 8bIUCTUMETbHOU Mamemamuku. m. 6, ¢. 347-379.

Annual dynamics of hydrothermal conditions of natural
and anthropogenically transformed soils

'Kiselev M.V., "“Voropay N.N., ‘Cherkashina A.A.

" Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
?V.B. Sochava Institute of Geography SB RAS, Irkutsk, Russia

E-mail: xplutox@yandex.ru, voropay_nn®@mail.ru, anna_cher.87@mail.ru

DOI: 10.5281/zenodo.1248031

perform temperature monitoring of peat and mineral soils.

The autonomous atmospheric and soil temperature complex was used to study hydrothermal regime
of soil at two sites (ledge and fir wood) with different vegetation cover, top soil structure and moisture. The
observations were carried out from 1 July 2013 to 30 June 2017 in soil profile from surface to 320 cm.

In the beginning of XX century, the present ledge site was occupied by a fir wood, but later it was used like
a cropland. Tree cover was cut and the top soil was plugged and used for croplands. Now the croplands are
abandoned and covered by steppe grasses.

Differences in vegetation cover leads to differences in soil thermal regime. Soil at ledge site is better warm
up, then soil at fir wood. Zero isotherm at fir wood site reach a depth of 120-130 c¢m, as on ledge site zero iso-
therm is observed deeper than 320 cm. Negative soil temperature exists at fir wood at depths from 130 to 320
and deeper. This layer is a permafrost mass. Permafrost was not observed at the ledge.

Maximum soil temperature at ledge from surface to 320 cm vary in 2016 from 30.9 °C to 4.9 C. At the
same time at fir wood soil temperature vary from 20.4 °C to -0.2 °C. Duration of warm period at fir wood is
shorter than at ledge by one month on average. Seasonally frozen layer at ledge start thaw earlier by one month.

Our research show how temperature regime transforms after changes in vegetation cover. Analysis of our
data shows that vegetation cover have big influence on incoming solar radiation. Trees are absorbed a part of
solar radiation and decreased the surface heat influx, but vegetation cover reduces heat loss at night hours due
to radiation cooling.

S oil temperature is a key factor controlling many biotic and abiotic processes in soils. It is important to
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SESSION 1

BHyTprrogoeaa AvHamMmKa rMapoTepMUYecKUX YCoBUi
eCTeCTBEHHbIX M @HTPOMOreHHO TPaHCPOPMUPOBAHHBLIX MOYB

'Kucenes M.B., “Boponaii H.H., “4epKaiwmna A.A.

! MHCTUTYT MOHMTOpPUHIa KNUMaTUYECKUX U 3Konoruyeckux cuctem CO PAH, Tomck, Poccua
? WuctutyT reorpadum um. B.B. Couasbl CO PAH, UpkyTck, Poccus

E-mail: xplutox@yandex.ru, voropay_nn@mail.ru, anna_cher.87@mail.ru

DOI: 10.5281/zenodo.1248031

CYIIECTBYIONMX MHOTOYHMCICHHBIX OMpENeNeHUsIX KIMMaTa IIoYBa pacCMaTpUBAETCS KaK JesTelbHas
TTOBEPXHOCTD, MO BO3JEHCTBHEM KOTOPO (hopmupyercs KimuMat armochepsl. Tem caMbIM 1oyBa 1mo-
HUMAaeTCs KaK COCTaBHAsl 4acTh (PUBUKO-reorpaduecKoil cpelibl, HaXOASIIAsCs BO B3aUMO/ICHCTBUH C

KJIMMaTOM, HO OTHIOJb He KaK 0cobas cpea ero mposiBieHus. Kimumart mouBsl mpecTaBiseT co00i COBOKYTI-

HOCTbh BHYTPHIIOYBEHHBIX (DU3UUECKHX SIBICHUI TOM0BOI M CYTOUHOHN IIMKIMYHOCTH, BIHMSIIONIMX HA )KU3Hb U

MIPOYKTUBHOCTD TIOYBHI M HAXOJSAIIMXCS B 3aBUCHIMOCTH OT BHEITHETO KIIMMAaTa, MOYBEHHBIX (PU3UKO-XUMUYE-

CKHX CBOWCTB M BO3/IeHCTBUS HA TI0UBY U ee MoKpoB [LLymasrun, 1967]. B To Bpems kak atMoc(epHbIil KITuMaT

Mpe/ICTaBIsIeT cO0OM (Pr3MUECKUe SBICHHMS, TPOTEKAOIIME B BO3YIIIHOW 000I0UKE 3eMIIH, T.€. B CMECH Ta30B.

[TouBeHHBIH KIHUMAaT (GOPMHUpPYETCS B TIOUBE, KOTOPAsi, B OTIWYHE OT aTMOC(EpHI, SBISETCS OHO-OpraHO-MHHE-

pajibHOM CUCTEMOM, UMEIOIIEH CBOU 3aKOHBI PA3BUTHS.

Artmocdepa B 1iesioM 0osiee MIIM MeHee OJIHOPOJIHA Ha OOJBIIHMX MPOCTPaHCTBax 3eMitH. [lo4Ba ke HeomHO-
POJIHA IT0 CBOEMY COCTaBY M CBOMCTBAM Jaxke Ha CPAaBHUTEIHFHO HEOOIBINNX TEPPUTOPHX. BemencTrue atoro n
(u3HUeCKHe SBICHUS, IPOTEKAIOIINE HETTOCPECTBEHHO B [TOYBE, MEHEE OHOPOIHEI, 9YeM B aTMocdepe.

Termoduzuueckoe cOCTOSHHUE TTOYB ONPE/IEIISIeTCs] PACTUTEIBHBIM M CHEXXHBIM TIOKPOBOM, arMOC(hepHbI-
MU KIMMaTHYeCKUMH XapaKTePUCTUKAMH, (PU3NKO-XUMHUYECKUMU CBOMCTBAMH TOYB, a TAK)KE XO35HCTBEHHOMN
JIeSITETTFHOCTRIO UenoBeka. PyOku sieca, pacmarika Bo3AeHCTBYIOT HE TOJIBKO Ha BOJHO-BO3AYIITHBIH, THIIIEBON
1 OMOJIOTHUECKUN PEXHMMBI TT0YB, HO M Ha WX TEIUIOPHU3NUECKOe COCTOSHHUE. V3ydeHue Teruropu3nueckoro
COCTOSIHUS TIOYB BO B3aMMOCBSI3U C MX TEHETUYECKIMH OCOOEHHOCTSAMH, XapaKTePOM H CTETICHBIO €CTECTBEH-
HOTO YBJIQ)KHEHHS, YIUIOTHEHHS U ad3Palliil MOYBEHHOTO MPOQHIIs He0OOXOANMO KaK B IEJISIX TeHETHYECKOM Xa-
PaKTepUCTUKHU TOYB, TaK M JUII pacyeTa, OIEHKH M MPOTHO3a U3MEHEHHH B THAPOTEPMHUUECKUX pPEKUMax Io-
YBEHHBIX TOPU30HTOB IO/ BIMSIHHEM aHTPOIIOT€HHBIX BO3/IEHCTBHI.

dopmupoBaHre TEMIIEPATYPHBIX MOJIEH B MOYBE OIPEACISETCS e TeIIOPpHU3NIeCKUMH CBOWCTBAMU: Te-
TUIOEMKOCTBIO, TETUIO- M TEMIIEPaTyPOIPOBOAHOCTHIO, KOTOPBIC B CBOIO OUEPE/b SBISIOTCS (PYHKIUSIMHU 1110~
TO psijia TIOUYBEHHO-(PU3HMUECKUX (PAKTOPOB, TAKUX KaK BIAKHOCTh, IPAHYJIOMETPUYECKUIT COCTaB, MNIOTHOCTS,
MTOPO3HOCTH, COACPIKaHUE OPTraHNIECKOTO BEIIeCcTBa, Temreparypa. Bee 3To 00ycnoBinBaeT HEOTHOPOIHOCTh
TIOYB T10 TeIIO(PU3MIECKUM MapaMeTpam.

HWccnenoBanust mpoBoAWINCh Ha 6a3ze TyHKMHCKOTO KOTIIOBUHHOTO cTaioHapa MHcturyTta reorpaduu
nM.B.b Couassl CO PAH nHa Tepputopnn TyHKHHCKO# KOTJIIOBHHEI (foro-3anaanoe Ipubaiikanse, PecrryOnmka
BypsaTust). O0beKT UcCIenoBaHNS — MEPErHOHHO-TPyOOTyMyCOBBIE ITOYBHI HA MECYAHBIX 03€PHO-AJITIOBHAIIb-
HBIX OTJIOKEHUSX. bblTo BRIOpaHO 2 KITfoueBbIX ydyacTka. [IepBoiil ydacTok mpencrasieH 20-TeTHEH 3a1eKbio
Ha MeperHoHHO-TPy0OTyMYyCOBO# MOUBE (3aJ1€XKb), BTOPOW — €JI0BBIM JIECOM Ha MePerHOHHO-TPpy00ryMyCcoBOii
noyBe (enpHUK). CoracHO KaprorpadudeckuM JaHHBIM B KoHIle XIX B. 006a 3TH y4acTKa HaXOAMIUCH MO Jie-
coM. C Havarma XX B. MEPBBIA y4acTOK CTaJM MCIOIB30BATh MO MarrHio. Kpu3uc arponpon3BoICcTBEHHOTO
KOMIUTEKCa B KOHIIE XX B. IPUBEI K TOMY, 9TO OOJIbIIIast YaCTh MAXOTHBIX YTOAUN Ha TeppUTOpUN TYHKHHCKOMH
KOTJIOBHHBI ObllTa 3a0pOIIeHa U B TaHHBII MOMEHT HAaXOJUTCS Ha Pa3JINYHBIX MOCTArPOTEHHBIX CTaJNAX BOC-
CTaHOBJICHUS ITOYBEHHO-PACTUTEIHFHOTO MTOKPOBA.

W3ydenne BHYTPHUIOMOBOH TUHAMUKU TEMIEpaTyphl MEPEerHOWHO-TPYOOTyYMYCOBBIX ITOUYB IO €JIOBBIM
JIECOM M Ha 3aJIe’KH MTPOBOJIMIIOCH HAa OCHOBE JaHHBIX m3MepeHus 3a 2013-2017 rr., mony4eHHBIX IPH ITOMOIIN
aTMOC(epHO-TTOYBEHHBIX M3MepHUTenbHBIX KoMmIuiekcoB (AIIMK) [Kypakos, 2012]. atuuku TemmepaTrypbl
pacroJarajguch Ha ITOBEPXHOCTH MOYBHI M HA CIIEAYIOMUX yonHax: 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 80, 120, 160, 240 u 320 cm, natunk Baaxaocty mouBsl (TRIME-PICO32) ycranosien Ha rmyouHe 15 cM.
[TeprnogmunocTs m3Mepernii 1 yac. PU3NKO-XUMHUUECKHE CBOMCTBA TIOYB U MOCTHIAIOIINX IPYHTOB U3yUYCHBI
OOIIETTPUHATHIMU B TOYBOBEICHUH METOIaMH.

Bbutn paccunTaHbl CpeiHUE CYyTOUHBIE, CPEAHNE MECSIUHBIC U TOJIOBBIE 3HAYCHUS TEMIIePaTyphl MOYBHI B
npodute 0-320 cM U BIaKHOCTH MOYBHI Ha TiTyonHe 15 cM. O0beMHas BIaKHOCTB 3a TMIEPHOJT C TEMITePaTypoit
Boitire 0°C st 3aexu coctaBmia B cpenteM 18%, mst enbanka — 37 %.

Pacnipenenenne temmeparypsl MOYBHI 110 MPOQIITIO0 HA N3yYaeMBIX Y9acTKaX CyIIECTBEHHO OTIHYAeTCS.
Ha 3ameu MOXXHO BBIICIHTH JBA YETKO BBIPAXXEHHBIX TEPHOA: XOJOAHBIN, KOTJa TeMIeparypa TOUBbI 110
Bcemy npoduito Hrxe 0°C, u Tersii, koraa temieparypa noussl Bime 0°C. TIpu atom 3umoit 2013/2014 u
2014/2015 rr. HUXKHSISI TPAHUIIA CE30HHO-MEP3JIOr0 CJI0s1 HaxoauTest Hike 320 ¢M, B TO BpeMs Kak 3UMOI
2016/2017 rr. HEXKHsISI TPaHHUIIA CE30HHO-MEP3JIOTO CII0Sl OTMeYajiach Ha riyouHe okojio 300 cm. B To e Bpe-
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M, Y9aCTOK, Ha KOTOPOM PAaCIIOJNIOXKEH EJIbHUK, SBIAETCS Ce30HHONPOTaHBAOIINM. MaKkcuMalibHas TIIyOnHa
HYJIEeBOI M30TepMBbl B Teruislii iepuoxa coctasnseT 120-130 cm (puc. 1), HUKe 3TO OTMETKH HaOIIOmaeTcs
MHOTOJIETHSS Mep3ioTa ¢ Temneparypoit ot 0 o -2°C. B xononusIit eprof rmyornHa u3otepMsl -2°C HaXOIUT-
cs Taxke okoito 120-130 ¢M B TeueHue Bcex JIET HaOIIOIEHHS.

Taxue OosbIIMe pa3Indus B OCOOCHHOCTSX TEMIIEPaTYPHOTO PeXknMa MPOSBHINCH HA (JOHE M3MEHEHUS
naHAmA@THON CTPYKTYpBI OJHOTO U3 y4acTKOB. [Ipn aToM (akTopsl GOpMHUPOBaHHS KIMMaTa IIOYBbI Ha JaH-
HBIX IUIOMIAIKaX OJITHAKOBEIC: aTMOC(hEpHBI KIuMar, popma penbeda, OIM30CTh PeK, BOJOEMOB, OPOCHTEIb-
HBIX WM JPEHAKHBIX CHCTEM, BBICOTA HaJl ypoBHEM Mopsi. TakuMm 06pa3oM, CBeJCHIE paCTHTEIBHOCTH (JIeca)
U pacnamika BepXHUX FOPU30HTOB ITOYBbI Ha 3aJICKH ITPUBEIH HE TOJIBKO K YMEHBIICHHIO BIAXKHOCTH IPYHTAa,
HO ¥ K I3MEHEHHUIO PEXUMA IPOTrpeBa MOYBBI B TEIUIBIN EPHOL M IIPOMEP3aHus B X0I0AHbIH. Taroke Ha ydacT-
K€ 3aJIeXKb 110 CPAaBHEHHIO C CJIbHUKOM M3MEHMWIICS XapaKTep YBIIa)KHEHHS IT0YBbL. B neTHHI nepros yuacTkH,
3aKpBIThIE KPOHAMHU JICPEBLEB, MONTYYalOT MEHBIIE YBIOKHEHHS B BHIE OCAJIKOB, YeM OTKpHITHIC. IIpn sTOM
I04YBa B eJIbHUKE OoJee BIa)KHAs, YeM Ha 3aJICIKH.

EnbHUK MMeeT CpaBHHUTEIBHO MEHEe OJHOPOJHOE paclpeseieHne Gppakiuii rpaHylIOMEeTpUYECKOTrO CO-
CTaBa 1Mo MpoQuITIo: 0T MOBEepXHOCTH /10 130 cM mMoUBa COCTOMT U3 KPYIHOTO Tecka (pasmep ¢paxmmii 0,5-1,0
MM) H €T0 KoJmgecTBO cocTtaBisieT oT 10 1o 35 %, ¢ makcumymom 30-35 % B cioe 50-110 cm. OcranbHas 9acTh
TTOYBBI COCTOUT MPEUMYIIIECTBEHHO U3 CpeHero mecka (pasmep dpakuuii 0,25-0,5 mm). Torna xak Ha 3aiIexn
JI0JIsL KPYITHOTO T1eCKa BO BCEM MOYBEHHOM mpoduie n3mensercs ot 8-10 no 20 %, ocranbHast 4acTh MOYBbI
TaKoKe MIPEUMYIIECTBEHHO COCTOUT M3 CPEAHETO IIecKa.
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Puc. 1. ['paHynomeTpuyeckmii cocTas (A) 1 TeMnepaTypHbIv npo¢unb (b).

Beime nepeunciieHHbIe (pakTOPbI MOOJMHOYKE BHOCST OTHOCHTEIILHO HEOOIbIINE H3MEHEHHSI B TEMIIEpa-
TYPHBIH PEXHM, HO TIPH KOMIUICKCHOM BO3JCHCTBHU BCEX (PAKTOPOB TEMIEPATYPHBIA PEXHUM 3HAUUTEIHHO
MeHseTcs. B mepByto ouepeap 3To OTpaskaeTcsi Ha CKOPOCTH IIPOrPeBa M IIPOMEP3aHNs ITOUBHI.

CaMBIM TETUTBIM 3a TIePHO. Ficcae0BaHuUs ObII0 JieTo 2016 T., Ha 3aJIe)KH MaKCHUMaJIbHAs B TOIOBOM XOZIE
Temreparypa B mpoduiie ot mosepxHocta 10 320 cm mmerstack ot 30,9°C no 4,9°C. B 3ToM rogy B eIbHHAKE
MaKCUMaJbHas TeMIlepaTypa mouBsl m3MeHsutack oT 20,4°C ra moepxHocTH 110 -0,2°C mmy6mre 320 cm. Han-
OoIee XOMOIHOM 3a mepro uccnenoBanus 6puta 3uMa 2016/2017 rr. Ha 3ame)u MEHAMABbHAS B TOTOBOM X0/
Temrmeparypa B nnpoduire mmensuiack ot 4,1°C Ha mosepxuoctH 110 -0,1°C Ha riry6unae 320 cM 3uMOit 3TOTO ke
rofa B eIbHUKE MHHHUMAIIbHAs TeMIlepaTypa MOYBHI M3MeHsIiach oT -11,3°C Ha moBepxHocTH 10 -1,2°C Ha
mryoune 320 cm.
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SESSION 1

Iepexon Temmeparyps! mouBsl yepe3 0°C, KOTOPBIH COOTBETCTBYET Hawyaldy YCTOWYHMBOTO MPOMEP3aHUS
MTOYBHI, HA IOBEPXHOCTH MOYBHI HA 000MX y4acTKax MPOUCXOIUT B HOsOpe. OHAKo B €TbHUKE OH B OONBIITHH-
CTBE CITydaeB HaOIrogaeTcs panblie, Tak oceHpio 2014 1. pasznumna coctasmna 14 mueit, 2015 r. — 10 gueit, 2016
r. — 3 gas. Uckmouenuem ctan 2013 rox, xorma mepexon Temrepatypsl moussl gepe3 0°C B enbHUKE 3a(HKCH-
POBaH MO3Xe Ha 2 JHA, YeM Ha 3ayiexu. OTTauBaHUE TIOUBBI, a CIC0BATEILHO U YCTOWINBBIN ITEPEX0 TEMIIE-
patypsl gepe3 0°C B CTOpOHY MOIOKUTETHHBIX TEMIIEPaTyp, HaOIIoIaeTcs Ha 3a/IeKH B MapTe, B €IbHUKE — B
ampene. Takum 00pa3oM, BO BpeMsI HACTYIJICHUS] METEOPOJIOTNYECKO BECHBI 3aJI€Kb HAYMHAET OTTAUBATDH
3HaYATENbHO paHbine: B 2014 1. oTa pasauna coctaBmia 15 mueit, B 2015 . — 25 nueit, B 2016 . — 22 nHs, B
2017 r. — 6 nueii. Takas pa3HHIIA B 1aTax Hadaya IPOMEP3aHNs U OTTaWBaHUS IOBEPXHOCTH ITOYBBI BOSHUKACT
B OCHOBHOM H3-3a Pa3IN4Hi B paCTUTEILHOM MOKpoBe. [Ipn mpomep3anny CyTouHast aMILIUTY/Ia TEMIIEPATy PhI
Ha OBEPXHOCTH MOYBHI B €JIbHUKE MEHBIIIE, YEM Ha 3aJI€KH, @ IPOTPEB MOBEPXHOCTH HE TAKOW MHTEHCHBHBIH,
YTO CIIOCOOCTBYET aKTHBHOMY NPOMEP3aHUIO MOYBLL. BeCcHOM B €IbHUKE PACTUTEIBHOCTD TAK)KE MOMIONIAET
YacTh MIPUXOAAIIEH COTHEUHON paialliy, TEM CaMbIM YMEHBIIAET CKOPOCTh TasHUS CHETa, U 3TO IPUBOIHT K
YBEIMUYCHUIO MTPOJOKUTEILHOCTH CyIIIECTBOBAHUS MEP3JIOTO CIIOS.

C yBenuueHne IIyOMHBI YBEIHMUUBAIOTCS PA3IMIMs TEMIIEPATyphl IOUBBI MEXy IUIOMIagKaMu. Tak Ha
3anexu Ha TmyouHe 120 cm nepexon remmeparyps! uepes3 0°C B cTOpOHy OTpPHIIATEIBHBIX TEMITepaTyp Habro-
nmaetcs B gekadpe. Torma Kak B ebHUKE OH MPOUCXOIUT MpeuMyInecTBeHHO B HostOpe. [lepexoxn gepes 0°C B
CTOPOHY TIOJIOKUTEIBHBIX TeMITepaTyp Ha rryoune 120 cM Ha 3anexn puKcHpyeTcs B Mae, a B €IIbHUKE B CEH-
Ts0pe.

Ha 3anexxu mpofomKUTENbHOCTh IEPUOAA € TIOJIOKUTEIbHBIMU TEMIIEPATYPAaMH MTOYBbI HA TIOBEPXHOCTH
GopIe, oHa M3MEHsAETCS B Tipeeiax oT 198 mo 215 mHeid, Torna xak B enbHUKE OT 176 10 193 nueii. Ha 3ame-
KU C YBETMICHUEM TITyOMHBI IIPOAOIDKUTEIBHOCTH Ieproa ¢ Temmeparypoi Beimie 0°C modTn He H3MEHSAETCS
n Ha 120 cM B pasHbIe roxsl cocTtapisieT ot 204 1o 219 gueii. B To Bpems Kak B €IbHHUKE ATOT MEPUO]] CHITHHO
YMEHBITaeTcs U m3MeHseTcs oT 22 1o 80 qHei, B 3aBUCUMOCTH OT YCJIOBHI KOHKPETHOTO rofa, a Tiryoke 130
CM HaOJTI0aeTCsl MHOTOJIETHSAS MEP3II0Ta.

B pesynbrare cBeJeHNUS JIECHOTO MAacCHBa Ha y4acTKaX, BRIOPaHHBIX 1O TTAIIHIO B Hayane XX Beka, repe-
THOWHO-TpyOOTryMycOBasl I04YBa MPETepIIea TOMOTCHU3AIMI0 T'YMYCOBOTO TOPH30HTA U 00JIETYeHHE ero rpa-
HYJIOMETPHYECKOTO COCTaBa 33 CYET YACTUIHOTO MPUIIAXUBAHNS HIHKEJISKAIIETO TECYaHOTO TOPU30HTA. ATPO-
T€HHOE UCIIONb30BaHNE MTPHUBEIIO K N3MEHEHUIO XUMHUUECKHUX (HaCTUYHON MUHEpATN3alui OPTaHUIECKOTO Be-
IIeCcTBa, 0OCTHEHUIO OPTAHWYCCKUM BEIIECTBOM M a30TOM) M (PU3MYECKHUX (TPaHyJIOMETPUYECKHHA COCTaB,
IUIOTHOCTb) XapaKTEPUCTUK T'yMYyCOBOTO TOPU30HTA MOYBBIL, YTO MPUBEIIO K N3MEHEHHIO TAKUX XapaKTEPHCTHK
KaK TEIUIONPOBOIHOCTh U BIATOEMKOCTh. Kpome TOoro, moy4eHHbIe JaHHbIE TOKA3bIBAIOT, YTO Ha OTTAUBAHUE
TPYHTOB OOIIBIIIOE BIMSIHUE OKA3bIBAET PACTUTEIBHOCTD, KOTOPAsl MEIIACT ITOCTYIJICHUIO COTHEYHOH pajaua-
IIUM Ha TIOBEPXHOCTH, @ CIEOBATEILHO M MIPOTPEBY MOYBEHHON Tommu. C Apyroif CTOPOHBI, PACTHTEILHOCTD
MPEMSITCTBYET PAJUAIOHHOMY BBIXOJIQ)KNBAHUIO TOBEPXHOCTH.

Hcceneoosanue evinonneno ¢ pamxax npoekma 0347-2016-003 u npu gpunarncosoii noodepoicke PODU
pamkax Hayunoeo npoekma Nel8-05-00306.

Jlumepamypa:
1. Bnveun A.M., Knumam nouswl u eco peeynuposanue. — Jlenunepao: I uopomemeouzdam, 1967.
-300 c.

2. Kypaxos C.A. Cucmema a6moHoMHO20 MOHUMOPUH2A COCMOSIHUSL OKpYJicarouell cpeost // Jamuuku
u cucmemvt. —2012. —Ne 4. — C. 29-32.

Variation of Siberian vegetation cover in the XXI
in JSBACH model output
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iberia is a “hot spot”, that is, local changes in a given territory can cause global climatic and ecosystem
changes. The territory of Siberia is covered by extensive forest cover, which can have a significant effect
on the concentration of carbon dioxide in the atmosphere. This influence can be significant not only
within the region under consideration, but also can have a global response. In the context of global climate
change, we need to know what kind of land surface changes are possible for the territory. It is important to un-
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derstand, for example, how greenhouse gas fluxes or land cover types can be changed. This knowledge will
provide an opportunity to assess for different regions the risks associated with such kind of changes and will
allow to develop the most effective ways of adapting the population, industry and agriculture to this changes.

Estimation of the response of the Siberian vegetation cover to climatic changes was carried out using the
JSBACH land-surface model developed at the Max-Planck Institute for Meteorology (MPI-M). This model
simulates the behavior of various surface characteristics (such as greenhouse gas fluxes from the surface to at-
mosphere, the distribution of various types of vegetation, etc.) depending on the external atmospheric condi-
tions.

To specify the atmospheric conditions required for the JSBACH surface model to work, the fields prelimi-
narily taught by the global large-scale model of intermediate complexity PLASIM and the model of the cli-
matic system INMCM4 were used. Variation of the climatic conditions was carried out through the climate
scenario RCP 8.5, according to which the concentration of carbon dioxide in the atmosphere increases with the
simulation from 296 ppm to 936 ppm.

A comprehensive analysis of carbon stocks and fluxes in managed Siberian forests is needed to quantify
their role in the production of biomass and mitigate the effects of climate change. The next aim is to quantify,
using modeling framework for Siberia, the main C fluxes as affected by land-use changes, natural disturbances
and forest management and to assess the impact of specific harvest and afforestation scenarios on the mitiga-
tion potential of the Siberia forest sector.

This work is partially supported by RSF #16-19-10257.

Bapunauwnsa pactutensHoro nokposa Cubupu B XXI Beke
no gaHHbIM Mmogenu JSBACH
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BISIBJICHO, YTO Tepputopust CHOUPH SBISETCS T. H. «TOPSIUM TISITHOMY [ 1], T. €. TOKaIbHbIE U3MEHEHUS

Ha lIaHHOﬁ TEPPUTOPUN MOT'YT BBI3BATH n100anbHBIE KIMMATHYECKUE U DKOCHUCTEMHBIE M3MEHEHMUS.

Kpowme toro, Ha Tepputoprn CHOUPHU COCPETOTOUCHO OOJIBIITOE KOJINIECTBO JIECHOW PACTUTEIHLHOCTH,
KOTOpasi MOXKET OKa3bIBAaTh CYIIECTBEHHOE BIMSHIE Ha KOHIICHTPAIMIO YITIEKHCIIOTO ra3a B atMocdepe. 310
BIIUSIHAE MOYKET OBITH CYIIECTBEHHO HE TOJILKO B paMKaXx pacCMaTrpruBacMoro pe€ruoHa, HoO U MOXET UMETH IJ10-
OaJIbHBIA OTKIHK. B YCIIOBUAX MI00AMBHBIX KIIMMATHYECKUX M3MEHEHUN BAKHO IIOHUMATh, KAKHC U3MCHCHUA
BO3MOXHBI JIs1 )IaHHOﬁ TEPPUTOPUHN: KaK MOTYT UBMCHUTHCA MMOTOKU DHEPTUN M MAPHUKOBBIX IT'a30B, I'PAHUIIbLI
pacnpoCTpaHeHUs] PACTUTENFHOCTH U THUIIOB MOBEPXHOCTU. 3HAHMs TAaKOro pona obecriedyar BO3ZMOXKHOCTh
OIICHKU PHUCKOB, CBA3AHHBIX C UBMCHCHUEM KIIMMATUYCCKUX 0COOEHHOCTE JaHHOT'O PETrnoHa, U IMO3BOJIAT pas-
pabortarh Hanbosee 3G GEKTHUBHBIC CIIOCOOBI aaNTaIllMA HACEICHHUS, POMBIIUICHHOCTH U CEJILCKOTO XO3SHCT-
Ba K NPOTHO3UPYEMBIM U3MCHCHU M.

HCCHG}IOB&HI/IH OTKJIMKa PAaCTUTEIILHOT'O ITOKPOBa CI/I6I/IpI/I Ha KIIMMaTU4Y€CKUE N3MEHCHUA TPOBOANIINCH C
moMoIne Moxaean nosepxHoctd JSBACH, paspaborannoit B MuctutyTe Makca-Ilnanka mo MeTeopoioruu
(MPI-M) [2, 3]. OTa Mozenb TO3BOJISIET PACCUUTATh TOBEACHUE PA3INYHbBIX XapaKTePUCTHK MTOBEPXHOCTH (Ta-
KHX KaK IMOTOKHU IMapHHUKOBBIX I'a30B C IMOBEPXHOCTH, PACIIPEACIICHUE PA3JIMYHBIX TUIIOB PACTUTECIILHOCTH U T.
J1.) B 3aBHCUMOCTH OT 33/1aBAEMBIX U3BHE aTMOC(EPHBIX YCIOBHUIA.

Jlst 3amannst atMoCcEPHBIX YCIOBUH, HEOOXOAUMBIX I paboThl Mojenu noBepxHoct JSSBACH, Obu
HCIOTB30BaHbl OIS, MPEABAPUTEIBHO MOYYEHHBIE C MOMOINBIO TI00ATBHON KPyIMHOMACIITAaOHON Momenn
npomMexxyTodHoi cinoxkHocTH PLASIM [4]. 3aganne u3MeHeHHs KINMAaTHUECKUX YCIOBUH OCYIIECTBISAIOCH
rmocpencTBOM kKnumarndeckoro ciienapust RCP 8.5 [5], comacHO KOTOpoMy KOHIIEHTpAITUs YITIEKUCIIOTO Ta3a B
armMocdepe pacTeT ¢ Xoje MoaenupoBanst ot 296 ppm 10 936 ppm (Pucysok 1).

[Tpu 3a1aHHOM pOCTE KOHIIEHTPAIMH YTIEKUCIIOTo Ta3a ¢ 296 ppm 70 936 ppm (OTHOCUTEIBHOE YBEIHYEe-
HUE B ~2.36 pa3za) pe3ynbTarThl MOJAEITMPOBAHUS TIIOOATBHON KPYMHOMACIITAOHONW MOJENTH MPOMEXYTOTHOM
cnoxkHoct PLASIM 1eMOHCTpUPYIOT pOCT CpeHel 3a epro MUHUMAIBHOW U MAaKCUMAaIbHON CyTOYHOM TeM-
niepatypsl. ITo ceBepy paccMmarpuBaemoii Tepputopun pasnurna gocturaet 8°C. [Tomy4ueno HeOombIIOe yBETHYE-
HHUE CpelHeH 3a Mepuoj MHTCHCUBHOCTH BBINAICHUS OCAJKOB Ha Oofbliel yactu Tepputopun Cubupw, u He-
00ITBIIIOE YMEHBIIIEHHE - BIOIb IOKHOM I'PaHUIIBI PETHOHA. YeTbHAs BIaXHOCTh HA TOBEPXHOCTH MPH yBEIHYe-
HUUW aHTPOTIOTEHHON HArpy3Kd yBEIWYHMBaeTCsl O Bcell Tepputopun. CKOpOCTh BeTpa Ha ceBepe BocTouHoit
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Cubupn n [lansuem Bocroke yBennunBaercs Ha 0.3-0.6 M/c 1 yMEHbIIIACTCSl M YMEHbBIIACTCSl Ha OCTAIBHOI Ya-
ctu Tepputopun Ha 0.3-1.2 m/c. PaguaiimoHHble mapaMerpbl B Pe3ysbTare pocTa MI00aIbHOM KOHIIEHTPAIUH
YIVIEKHCIIOTO Ta3a B arMocdepe N3MEHIIHCH CIISAYIOLINM 00pa3oM: IMPOU30ILIO YBEINUESHHE HUCXOIIICH UTHH-
HOBOJIHOBOIl paJyiallil Ha IOBEPXHOCTH ¥ YMEHBIICHHE OalaHca COJTHEYHOH paJualiy Ha IIOBEPXHOCTH IIPU
0e300maqHOM HeOe BCIOMY IO PaccMaTpUBacMO TEPPUTOPHH, a HUCXOAAIIAas KOPOTKOBOJHOBAS paluanys Ha
MOBEPXHOCTH YBEINYMIIACh Ha oro-3anane CHOUpPH, N YMEHBIINIACH HA OCTAIIBHON TEPPUTOPHH.
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Mosy4eHHbIX ¢ noMoLbio PLASIM. PLASIM.



pacTUTENBHBIX 30H Ha ceBep Tepputopun Poccun. Ha prucynke 3 mpuBeeHO MPOCTPAHCTBEHHOE pacIpesere-
HHue obmiei nmepBuaHON npoxykunu (NPP) mis nByx paccMarpuBaeMbIX MEPHONOB U MX pasHHIa. [lokazaHo
yBenmuenue NPP Ha 6onbeii uactu Tepputopun Poccnn 3a HCKITIOYCHNEM ee 10)KHOi rparuibl. [Ipu pacemo-
TpeHun u3MeHeHust NPP oTensHO A7 pasHBIX THIIOB PACTUTEIBHOCTH OBLIO BBISIBICHO, UYTO OCHOBHOI BKIIa]
BHOCHT JIECHAsI PACTUTEIBHOCTh BHETPOITMUECKHUX HINPOT.

B nanHOM Hccne0BaHNY 7S 3a/1aHNsI aTMOC(EPHBIX YCIOBHHN [T pacueTa ObLIN NCTIONb30BaHbI PE3yIlb-
taTel MofenupoBannss INMCM4 [6]. Beuto mpoBeeHO comocTaBIeHIEe HHTEHCHBHOCTH BHOCUMBIX aTMOC(hep-
HBIX BO3MYILECHNH M OTKJIMKA XapaKTEPUCTHUK ITOBEPXHOCTH, B YACTHOCTH PACTUTEIHLHOTO MOKPOBA U IOTOKOB
YIIEKHCIIOTO Ta3a, MOIyYSHHBIX HAa OCHOBE Pa3HBIX HA0OPOB aTMOC(EPHBIX JaHHBIX. B pe3ynbrare comnocras-
JICHUSI OBLTH TIOJTyYECHBI CXOKHE PE3YIIbTATHI.

Paboma eévinonnena npu noooepoicke epanma PH® Ne 16-19-10257.
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Spatial and temporal variability of sunshine duration
in the forest zone of Western Siberia
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nometric stations. Because of that we instead used sunshine duration — the most important index of solar
radiation. Sunshine duration is observed at many stations. The Western Siberia Plain has clear divisions
based on geography into zones, subzones and provinces (see Fig.1).

The relationships between different parameters of sunshine duration were analyzed using correlation and
regression. In order to assess the significance of observed correlations a t-test was calculated.

In this research, spatial and temporal variability of sunshine duration indices in a forest zone of the West
Siberian Plain were considered. The forest zone is situated between 56 and 66 °N. The territory is intensively
developed. For the research, we used long-term observations of sunshine duration from 36 meteorological sta-
tions in the different parts of the forest zone. In the southern part of the forest zone 2000 sunshine hours per
year is observed. In the northern part, the value is only 1600 hours. The number of misty days and the ratio of
actual to expected sunshine duration significantly varies with latitude. A significant close correlation in monthly
and annual sunshine duration values with geographic latitude is registered. These data show that an increase of
latitude of 1 degree corresponds to a decrease in the annual sunshine duration by 40 hours. Also, the ratio of
actual sunshine duration to expected sunshine duration is decreased by 1%, and the number of misty days is
increased by 7 days per 1 degree change in latitude. These observations are associated with changes in the
length of daylight at different latitudes and an increase of cloud cover to the north.

In general, a small increase in the sunshine duration is observed over the territory of the forest zone span-
ning a 60-year period. But as a result of the peculiarities of atmospheric circulation there is a tendency for the

The radiation regime of the West Siberian Plain has been little studied, owing to a sparse network of acti-
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SESSION 1

decrease in the sunshine duration in the eastern part. Apparently, this is due to a weakening of the intensity and
a decrease in the frequency of the anticyclonal types of weather during the 60-year period.

Additionally, long-term trends were calculated for two periods. The first is a “dimming period” from 1958
to 1985 with negative trend and the second is “brightness period” from 1985 to 2013 with positive trend. These
tendencies are observed in the forest zone of Western Siberia.

This research can be used to assess the potential for solar energy resources and the radiation balance in
the forest zone of the West Siberian Plain.

[MpocTpaHCcTBEHHO-BPEMEHHAA M3MEHYMBOCTb
MNPOAOIHKUTESNIBHOCTM COSTHEYHOIO CUAHWUA B JIECHOM 30HE
3anagHoun Cnbmpu

MwuienuHa 10.A., CeBacTbsAHOB B.B.

ToMcKui1 rocyaapcTBeHHbI yHuBepcuTeT, ToMck, Poceua
E-mail: jaselezneva29@gmail.com, vvs187@mail.ru

BBEOEHNE

W3y4yenne coCTaBISIONNX paJHallHOHHOTO OalaHca Ha MaJlo M3yUEHHBIX TEPPUTOPHUSIX JIECHOH 30HBI 3a-
nagHo CuOupH SBISETCS MEPCIEKTHBHBIM HAIMIPABICHUEM. DTO OOYCIIOBICHO MPoOIeMaMi COBPEMEHHOTO
M3MEHEHHS KIIMMara, HeOOXOANMOCTBIO BHEAAPEHUS SHEPTOCOEPETAIONINX TEXHOIOTHH U YCKOPEHHOTO Pa3BHU-
THSI QJIBTEPHATUBHOM 3HepreTHky. [1og00HbIE McCIe10BaHUS HHTCHCUBHO MPOBOJSTCS B PA3IMYHBIX PETHOHAX
Il'epmannm, HBernn, Ucnannu, Jaann, OUHASHINT 1 IpyTUX cTpaHax [1-4].

Pagmanmonnsnii pexxnm 3amanHo-CruOnupckoil paBHUHBI MaJIO H3YYeH M3-3a KpaifHe penkoi CeTH aKTHHO-
METPUIECKHX CTaHIHH [5-9]. B cBs3M ¢ 5THM 00IbIII0e BHUMAHHUE YACTASTCS OMHOMY U3 BaKHEHIITNX TIOKa3a-
TeNel pagralioOHHOTO pekUMa — IIPOTOIDKUTENbHOCTH conHeyHoro cusans (IICC), HabmoneHus 3a KOTOPBIM
MIPOBOAITCA MHCTPYMEHTAIBHO Ha OOJBIIOM KOJIMYECTBE CTAHIMM. [IOMHMO HIMPOTHI MECTHOCTH M CE30HA
rona, [ICC B 3HaUUTENIFHO CTENIEHN 3aBUCHT OT PEXHMMa 00JIATHOCTH, KOTOpast, B CBOIO O4YEPEb, TECHO CBS3a-
Ha ¢ 0COOCHHOCTSIMH N PKYJISIIHOHHBIX ITPOIIECCOB.

B pabote paccmoTpens! xapakrepuctiku pesknma [ICC B necHoit 3one 3ananHoit Cubupwm, pacmoiararo-
meiicst Mexay 56—66,5° ..

MATEPWAJIbI U METOOWNKW NCCNEAQOBAHNA

CxeMa mpupoaHOTO palioHnpoBanus 3ananHorr CuOupu, mpuBeJcHHAsS B padoTe [8] MO3BOMISET BBIICTHUTE
BHYTPU30HOBBIC PA3JINIMsl TPUPOJIBI, CBSI3AHHBIC KaK C YCIOBUSAMHU penbeda, Tak U ¢ KIMMaroM. BHyTpH 30H u
TIO/I30H BBIJIEIISIOTCS O0JIee MENKHE eAMHUIBI — Teorpadudeckrue MpOBUHIMH. [IpOBUHIINY JOCTATOYHO OTHO-
POAHBI KaK C TOUKH 3PEHUS IPUPOAHBIX YCIOBHI, TaK U KOMILIEKCA KIMMAaTUYECKUX PECYPCOB.

B kadecTBe ncxonHoro Marepuasna 6suti uenonb3oansl ganHbie 0 [ICC no 33 MeTeoponornyeckuM CTaH-
IUSIM, BXOASAIIMM B JIECHYIO 30HY 3anagHo-CHOMpCKOW PaBHUHBI M COCEJHHX TNPHIICTAIONINX TEPPUTOPHH.
beun ncnons3oBans! JanHble CrpaBounukoB 1o kmmary CCCP [10], HayuHO-IpUKIaJHBIX CIIPABOYHUKOB 110
kimumaty CCCP [11], a raxke napopmanus o [ICC u3 apxusos BHUUTMU-MIL/] [12] ¢ Havana HaOmroneHUT
o 2014 . [Tepron HaOmIOMEHMIA Ha OONBIIMHCTBE CTAHIUI cocTaBisieT Oomnee 80 Jer.

KomriekcHbIH aHanmm3 BceX MCXOJHBIX MAaTepPHaIOB MO3BOIMII JIOCTATOYHO TTOJPOOHO MCCIIEA0BATH MPO-
cTpaHcTBeHHO-BpeMeHHoe pactpenenenue [ICC, orHomenne dakriueckoro uncina gacoB [ICC k BO3MOXKHOI
[1CC, uncio macMypHBIX JHEH U APyTHE XapaKTEPUCTHKH 110 TEPPUTOPHH JICCHOM 30HBI 3anaaHoit Cuoupw.

[Ipn aHamu3e MaHHBIX MCIIOIB30BAHBI METOJBI CTATHCTHUECKOW OOpPaOOTKHM pe3yabTaToB HAOIIOACHHH.
MeToas! KOPPEISIUOHHOIO M PErPECCUOHHOIO aHAJIN3a UCIIOIb30BAHBI JUIsl OLIEHKU B3aUMHBIX CBSI3€H Xapak-
tepuctuk [ICC. Onenka 3HauNMOCTH K03(h(HUIIMEHTOB KOPPEISINH, ONIPECICHUE CTATHCTHUECKOW 3HAINMO-
ctH pazinnunil cpenanx 3HadeHui [ICC 3a paznuyHbie Iepro/s HaOIIoAeHUH OblTa IPOBE/IeHa C TOMOIIBIO t-
kputepust CThrofieHTa Ipyu ypoBHe 3HauMMocTH 0=0,05.

PE3Y/IbTATbI CC/TEQOBAHNM M OBCYXOEHNA

B pazubIx nH(pOpMaMoHHBIX McTouHMKAxX AaHHble o [ICC npuBonsTes 3a pasHble nepuosl. Kpome Toro,
Ba)KHO OTMETUTb, YTO B UCIOJIb3YEMbIX HCTOUYHHMKAX JJAHHBIE IPUBOISATCS HE IO BCEM CTAHIIUSAM, YTO CYIIECT-
BEHHO YMEHBIIAET U TaK CKyAHYIO MH(OpMaloHHyo 0a3y mo Teppuropun 3amaanoir Cubupu. CpaBHeHHE
cpennux 3Hauenunii [ICC, npusenennsix B [10-12], 3a pa3Hble nepnoabl HAOIIOACHUH, TOKa3ajo, 4To:


mailto:aselezneva29%40gmail.com?subject=
mailto:vvs187%40mail.ru?subject=

— Ha BCEX METEOPOIOTUYECKUX CTAHIHAX, 10 JAHHBIM CcTIpaBodHUKOB [10,11], pasmmaus B cpemqHux Me-
csTaHBIX 1 To0BbIX 3HadeHHAX [ICC 3a pasuble nmepros! (0T Havana HabmoneHwii o 1960- e n mo 1980 1. co-
OTBETCTBEHHO) CTAaTHCTHYECKH HE3HAYMMBbI. CTaTUCTUYECKH 3HAYMMO PA3INYAIOTCS TOJIBKO TOAOBBIC CYyMMBI
I1CC npu cpaBHEHNH WX 3HAYECHUI U3 CIPABOYHHUKOB CO CPEHUMH, PACCYMTAHHBIMH IO UTHHHBIM psiiaM (10
2014 r.). Jarnsie o I[1CC 3a muuHHBI neprox nomxydeHs! n3 apxusos BHUNT MU-MIIJ] [12]. Otmeuaercs
TCH/ICHIMSI YBEJINUEHHS TOI0BBIX CYMM YacOB COJTHEUHOTO CHAHUS Ha 5—6% 3a nocneauue 35 ner;

— ¢ yBenmueHneM anuHbl psagos [ICC cpeanne KBagpaTHuecKue OTKIOHEHUS U MOTPEIIHOCTH CPEITHUX
3rageHui [ICC ymeHbImaroTcs.

3TO TOBOPUT O TOM, UTO JIOMYCKAECTCsI IPOBOANTH IPOCTPAHCTBEHHO-BPEMEHHOH aHAIN3 pacIpeaeIeH s
[ICC, uctions3ys psAas! HAOTIOACHUN pa3HON MPOAOIKUTEIHHOCTH.

leorpadrueckas mmupoTa MecTa OKaszbBaeT Hambosee cumbHoe BiaustHUE Ha [ICC, Tak Kak MMEHHO OT
IIMPOTHI 3aBUCUT MPOAOIKUTEIBHOCTE CBETOBOTO /IHS B TeueHue rofa. [To nanusmv o IICC Ha cranuumsx, npu-
Be/IeHHBIM B [11], ycTaHOBIEHO HANINYNE TECHBIX, CTATUCTUYECKN 3HAYNMbIX KOPPEISIIIMOHHBIX CBA3EH MEXKIY
[ICC 3a rox u mmpotoi MecTa. OCOOCHHO 3aMETHO 3Ta CBSI3b MPOSBIACTCS B 3UMHUE MECSIIBI (B ekadpe r =
0,91). Mexny reorpaduueckoii qonrotoit u [ICC oTCyTCTBYIOT 3HAYMMBIE KOPPEIAINOHHBIC CBSI3U. JTO O3HA-
YaeT, YTO B 3alaJIHBIX U BOCTOYHBIX paioHax 3amagHoit Cubupn GopMBI IUPKYIAINN aTMOCHEPHl U PEKUM
00JIaYHOCTH CYIIECTBEHHO HE Pa3IMYaroTCs.

Ha puc. 1 Bugno, uto 32 rox ymensmieane [ICC mpoucxXonuT ¢ yBeTHIeHHEM IHUPOTHI K ceBepy. Takas
3aKOHOMEPHOCTh OTMEUAETCSI BO BCE MeCsIbI 3a uckimoueHneM urois (poct IICC ¢ mmuporoit mecta). OT™me-
THM, YTO B JIETHHE MECSIIBI TECHOTA KOPPEIAIIMOHHOM cBsi3u Mexkay [ICC n mmpoToii ocnabeBacrt.

¥ = ~40.136x + 4227.4 Puc. 1 3asucumocts M1CC (4) 3a rof 0T LWMPOTLI MECTHOCTM

2200 RI=10.7427

2100 [ ] 3aBUCHMOCTh CPEIHEKBAJAPATHYECKOTO OTKJIO-

2000 @ .® Henust cpenaux cymM [1CC 1 mUpOTHI 3a o1 IToKa3a-
5 1900 .: @ J1a, 4TO U3MEHYMBOCTD Ha Pa3HbIX IMPOTaX B JIECHOI
g 1800 o ¢ .:‘. 30He B 3anananoit CUOUPHU CYILIECTBEHHO HE MEHSET-
= 1700 .' cs1. B X0J101HbIil IIEpHOJT U B IEPEX0AHbIE CE30HbI Ha-

1600 ¢ - ;"”'-. Omroaetcst ymenbinenue namenyusoctu [1CC ¢ yge-

1500 s 50 6 0 JIMYEHHWEM INMPOTHL. B JIETHHE MeCSIbl M3MEHYH-

BocTh IICC yBennuuBaeTcst ¢ mupotoit. OOHapyxe-
Ha TeCHasi KOPPENAHOHHAs CBSI3b MEXKy OTHOIIIE-
nueMm Habmonasietics [ICC 3a rox k Bo3mokHo [ICC 0T mupoTeL. 3a o] MPONCXOIUT YMEHBIICHHE OTHOIIIC-
Hus Habmopasierics [ICC 3a roa k BoamoxkHoit [TICC ot tora k ceBepy nmpumepHo Ha 12%. OTyeTnuBo npocie-
JKMBaeTCsl yBelIndeHue urcia queit 6e3 ConHia k ceBepy. [lonydeHHbIe 3aKOHOMEPHOCTH MTPOCTPAHCTBEHHO-
BpeMeHHoro pacnpenenenus nokasarenei [ICC ot reorpaduyeckoil UPOTHI TO3BOIMIN 1aTh 000CHOBaHHbIC
nuddepeHnnaIbHbIe XapaKTePUCTHKH MPUX0/a JTyducToit sHeprun CoHIIa 10 MO30HaM JICCHOH 30HHI.

buarogapst npupo/IHOH ¥ KIIMMaTHYeCKOW 30HAJIbHOCTH Ha UCCIIELyeMOM TEPPUTOPUU BO3ZMOXKHO OXapakK-
tepu3oBath nokasarenu [ICC mo nmpupoausiM 30HaM. B Tabnuie | mpuBeaeHbI CpeHUEe MECIIHBIC 3HAYCHHSI
yucna yacoB [ICC B MHTepBalIbHOI (opMe JUTs Tana3oHa MIKPOT, B KOTOPBIX PACIIONAraloTCsl pa3IniHbIe MO/
30HBI JIeCHOU 30HBI. OTMeuaeTcst yBenndenune ronoBbix cymMmMm [ICC ot ceBepa k tory. Jlerom (uronb) Habmrona-
etcst Hebonbiioe ymensmeHne [ICC ¢ yMeHbIIeHHEM MIMPOTHL. DTO 00YCIOBICHO YBEIMYCHHEM CBETOBOTO
JIHSI C IIMPOTOH B ATOT MEPHOJ rofa, mostoMy paznudans B [ICC mexay ceBepoM U I0TOM TepPUTOPHH HE OYEHB
Benuku. Makcumanbsibie paznunuaus B [ICC Mexay ceBepHON U FOKHON 9acTsIMM B 3MMHHE MECAIIBI MOTYT J0-
cturatb 40-50 4.

IIupoTa, “c.m.

Tabnuua 1. CpeaHss NpofoMKUTENBHOCTb COMIHEYHOIO CUAHMA (4) B NecHOM 30He 3anagHoi Crubumpwu.

Mecsn Tox
Ilon3ona Hlupora, °c. m1.
v VII X XII
CEBEPOTACIKHBIX JIECOB 66,5-62 208-215 | 301-296 53-66 0-15 1560-1740
CpEIHETACKHBIX JIECOB 62-60 215-218 | 296-294 66-72 15-25 1740-1820
FO’KHOTACKHBIX JIECOB 60-57 218-223 | 294-291 72-81 25-39 1820-1940
OCHHOBO-0EpE30BbIX JIECOB 57-56 223-224 | 291-290 81-84 3944 1940-1980

Otnomrenue pakruueckoii [ICC k Bozamoxnoit [ICC xapakrepusyet Biusinue odmauyHoctu Ha [ICC. B Be-
CCHHUI M JICTHUI MEPUOJIbI OTMEUYAETCs 3HAYUTEIbHOE YBelMueHNe K tory otHomeHus dakruyeckort [ICC k
BO3MOYKHOM M3-32 YMEHbIIEHUs 00nauHOCTH. B ocenHe-3umunii nepuon Haza 3anaqHoit CHOMpPHIO KOJMYECTBO
00JIaYHOCTH 3HAYUTEIBHO OOJIbIIE, YeM JIeTOM. B nekabpe B Moj30HE CEBEPOTACKHBIX JIECOB (paKTHUECKas
IICC u Bozmoxnast [ICC npuOinxaroTcs K HYIHO.
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SESSION 1

HccnenoBanne quaamuky rofgoBeix cymm I[ICC B npenenax JecHON 30HBI OKA3aJI0 CIIEAYIOLINE Pe3yilb-
TaThl. B mienom Ha nccneayemoit Tepputopun 3a 60-1eTHUI neproa HabmoxaeTcs Hebonpmoi poct [ICC.

B ceBepo-TaexHOi mog30HE B 3amagHoi ee gacTu (craniun Canexapa, bepe3oBo) HaOmomaeTcst TeHIEH-
st K yBenmuernro [ICC ra 20 gacos/10 met. OxHako B BOCTOYHOH YacTH 3TOH TEPPUTOPUHN OTMEUACTCS OTPH-
narenpHas TeHaeHnus n3menenus [1CC. Bennunnel TpeHIOB B 3TOH MMO30HE CTATUCTUYECKH HE3HAYHMBI 110
kputepuro CteioneHTa (ypoBeHb 3Hagumoct 0=0,05).

B cpenneraexHOM MOI30HE Ha 3amajic M B IEHTPAIBHON 9acTH HAOMIONACTCS CTATUCTUUECKH 3HAIUMast
texaeniys yBenmmdenus [ICC 3a tot xe meprof (ctaHnus Ajnekcanaposckoe — 67 4/10 ser). CraTucTiHuecku
3HaunMble TeHAeHIK pocta [ICC oTMeuaroTes B TEIIOe BpeMsi TOa € MIOHS 110 CEHTA0ph. B BocToUHOM wa-
cTH 3T0i mo30HH! (Bamknne-KeHak) otMedaeTcst ymenbierne grcia gacos [ICC, 6oee ”HTEHCHBHOE YeM B
CEBEPO-TACKHON MOA30HE.

IOxHO-TaekHass 00NacTb XapaKTepU3yeTcss OTHOCUTEIBHO HEOOIIBIION CTATUCTUYECKH 3HAYMMON BENN-
gunO# pocta [ICC. Ha cranumu KonmamieBo cpenamii poct rogoBsix cymm [ICC coctasmnser 35 /10 nert.

B 3amanHOii 4acTH MOJ30HBI OCHHOBO-0EPE30BBIX JIECOB OTMEUAETCS HE3HAUUTENBHBIN POCT YHCIIa YacOB
I1CC 3a rox (cranmun Tromens, Tapa). Ha BocToke — cranmms Tomck HabmomaeTcss CTaTHCTUIESCKH 3HAYUMBIH
pocrt uncna gacoB [ICC (40 4/10 mer).

B BocTouHO# wactu 3anagHo-CuOMpCKON paBHUHBI OTMEUAETCsl CTATHCTHUECKH 3HAUYMMas TEHICHIUS
ymenbiieHns [ICC. 3To MokeT OBITh CBA3aHO C YBEIHMYCHHEM OOJAaYHOCTH (IUKIOHMYHOCTH KIMMaTa) U, CO-
OTBETCTBEHHO, YMCHBIIEHHEM IMOBTOPSEMOCTH aHTUIMKIOHOB 3a paccMarpuBaeMblii iepuof. IlomydeHHbIe
PE3YyNBTATHI COMTACYIOTCS ¢ BBIBOJAMH TOTydeHHBIME 1t Tomcka [13].

IIpoBogmmucs uccienosanus m3menenuit IICC na Tepputopun 3amagnoit Cubnpu 3a MeHee POJOIKH-
TeJNbHBIC TIepHonbl. beumn BeIOpans! aBa meprona 1958—1985 rr. u 1986-2013 rr. st Toro, 9T00BI CPaBHUTH
MIOJTYYCHHBIC PE3yBTaThI ¢ uccinenoBanusami [ 14], nposenenusivu B [Tomsmre. [epron ¢ 1958 mo 1985 rr u3-
BecTeH Kak «dimming period», a ¢ 1986 mo 2013 — «brightness period». [1epBbIif meprox Ha BCEM MPOTIKSHUT
XapakTepu3yeTcs HannuneM orpunarenbaoro Tperaa [ICC, B To BpeMst Kak BTOPOH — HATMYUEM TTOJIOKUTENb-
Horo [14]. CxogHple TEHISHIINYA OTMEYAIOTCS U B JIECHOH 30He 3amaanoit Cubupm.

INomydeHnsle pe3yabTaThl OyIyT MOJNE3HBI MPU Pa3padOTKe KOCBEHHBIX METOJIOB pacdeTa COTHEYHOH pa-
JIMALNH, TUITAHHPOBAHUH CEIbCKOXO3SHCTBEHHBIX Pa0OT, MCCIIEN0BAHIH T'€IHOIHEPIeTUIECKOTO TOTEHINAa
TEPPUTOPUH, TIPH KOMIUIEKCHOM KIIMMAaTHIECKOM U3Y4EeHHH TeppuTopuu 3anagHoi Cubupu.
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loudiness has a significant influence on the distribution of solar radiation. The main goal of the work is

to characterize components of the radiation balance in the shortwave part of the spectrum for the Tunka

weather station taking into account the cloudiness. Two atmospheric soil measuring systems were used
to obtain information on the characteristics of the atmosphere. The monthly sums of total, reflected radiation,
albedo, and the radiation balance in the short-wave part of the spectrum were calculated to analyze the solar
radiation characteristics. The analysis of obtained data has shown that cloudiness weakens solar radiation by
65% in winter, and 81% in summer.
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pH U3yUeHUH KIMMATHYECKUX OCOOCHHOCTEH TOW MM MHOM TeppUTOpHH 0c000e BHUMaHUE oOpalle-

HO Ha B3aMMOCBSI3M COCTaBIISIONINX TEMJIOBOTO, paJnaIlioHHOT0 OanaHca u obmaunoctu. Kommaectro

METEOPOJIOTHUECKUX 1 aKTHHOMETPUYIECKUX cTaHIMK B CHOMpPH OrpaHUYEHO, B CBSI3U C YeM, BO3HUKA-
10T TIPOOJIEMBI TIPH XapaKTePUCTHUKE PaIHallMOHHBIX YCIOBUH B TOPHBIX paifoHax. B mociemHue roas! mosBis-
€TCsI BO3MOXKHOCTh HMCIIOJIB30BAHUS HOBOTO aBTOMATHYECKOTO 00OPYIOBAHUS IS KIMMAaTH4eCKOr0 MOHHUTO-
puHra. CymiecTByeT MHOXECTBO PabOT CBA3aHHBIX C HCIIOIB30BaHHEM HOBBIX METOZOB M TEXHOJIOTHII B H3yde-
HUU ¥ UCCIIEIOBAaHUM COJTHEUHOU paauaruu [Pozentans, 1999; IllunskoB u ap, 1996 u T.1.].

Tepputopus McciaeI0BaHUS pacloiiokeHa Ha 1oro-3amazae Ipubaiikanss. OcHOBHAS 1e/b pabOTH — Xa-
PaKTEePHCTHKA COCTABIIIOMINX PaAHAIlIOHHOTO OalaHca B KOPOTKOBOIHOBOW YacTH CIIEKTPa Ha METEOCTaHIINN
Tynka (Pecniyomnuka Bypsitust) ¢ yuetom BiustHue 00aaqHocTH. [1ist mosydeHus nHGOpMaIuu 0 XapaKTepUCTH-
Kax aTMOC(epbl, B TOM YHCIIE U O KOPOTKOBOJTHOBOM paraliii, Ha TEPPUTOPUH METEOCTAHIIUHU COTPYIHUKAMU
Wucruryra reorpadun uM. B.b. CouaBsl CO PAH (MpkyTck) ObUTH YCTaHOBJICHBI JIBa IKCIIEPUMEHTAIBHBIX
npudopa — AIINK-33 u AIINK-23 [TTapexesa, Bopomait, 2017]. O6a mpubopa paboTaroT B aBTOMaTHIECKOM
pexHMe, HAKAITMBAIOT HH(OPMAIIHIO, UMEIOT OJIMHAKOBYIO KOHCTPYKIIUIO CHCTEMHOTO OJI0Ka, HO pa3HbIe MpH-
eMHbIe ToBepXHOCTH. C MOMOIIIBIO 3THX TPHOOPOB 1 OBLIM MOTyUEHBI JaHHbIE 3a epuof ¢ 16 uromnst 2015 1. mo
8 cenTsiOps 2016 I. ¢ 15-MUHYTHBIM IIAroM 10 BpeMeHH. JlaHHbIe 00Ja9HOCTH OBLITH B3SITHI C HHTEPHET pecyp-
ca, TJIe TIpe/ICTaBIICHBI JaHHBIE CPOYHBIX HaOmoneHuii MeteocTanunu TyHka [Bynsirisaa u ap. ].

Jns ananw3a u3MEHEeHU COTHEYHOM paJialliil B TEUEHUE To/1a Ha MEeTeOCTaHIINU TyHKa ObUTH paccunTa-
HBI MECSTYHBIE CyMMBI cyMMapHOit (Q), oTpaxenHoi paguamuu (R,), cpeqHne MecsiuHble 3HaYeHUs anb0eno
(A,) ¥ parranoHHbBIN OaTaHc B KOPOTKOBOJIHOBOH yacTh criekTpa (B,). CoritacHo pe3ynbTaram pacdera, paau-
AITMOHHBIN OajaHc B KOPOTKOBOJIHOBOI obnactu criektpa (B,), cymmapras (Q) u otpaxenHas (R,) pagnarms
MIPUHUMAIIN HanOOJBIINE 3HAYCHNS B TEIUIBIC MECSAII], a HANMEHBIIINE 3HAYCHNS — B XOJIOIHBIE MecsIpl. He-
Oonbiioe ymeHbleHne Bk B HIOHE MOXKHO OOBSCHUTH TEM, YTO IIPOUCXOJUT YMEHBIIIEHHE CyMMapHO# pajiua-
LIMH, 2 OHA B CBOIO 0Yepe/b CBsI3aHa C HAJTMYHEeM NIepEMEHHON 00JIauHOCTH M TI0KAapOB BOJHM3H JAHHOU TeppH-
Topun. ['omoBoii xox R, mMeeT 1Ba MakCMyMa — B MapTe U B Mae, KOTOPBIE CBA3aHBI C U3MEHEHNEM TOJICTHIA-
IOIIeH TMOBEPXHOCTH. AJNB0OE0 k€ 3aBUCHT OT XapakKTepa MOACTHIIAIONICH MOBEPXHOCTH (I[BET, BIAKHOCTb,
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SESSION 1

IIEPOXOBATOCTh U T.A.). B T00BOM X0/1€ MakCHMalIbHBIC 3HAYECHUS ab0e/10 HAOMIONAIOTCS 3UMOH, KOT/a BCSI
MOZICTHUIIAONIAs TIOBEPXHOCTh 3aCTEJICHA CBEKMM BBINABIINM CHETOM, a 110 MEPE €ro 3arpsA3HEHHS W TasHUS
3HAUCHHUS aNb0E0 HAYNHAIOT YMEHBIIATHCA, U JIETOM IIPHHUMAET HauMeHbIne 3Ha4eHus. Hanbonbimme n3zme-
HEHUS anb0eIo B TeUEHNE CYTOK HAOIIOAAI0TCA B SICHBIE THH U B JTHU C IEPEMEHHON 00JIAYHOCTBHIO.

B nanpHeiinieM 6pUT0 IPOAHATM3MPOBAHO BIMSHUE 00IAUHOCTH HAa H3MEHEHHE COCTABIISIOMINX painalu-
OHHOTO OajlaHca B KOPOTKOBOJHOBOM 4YacTH CIIEKTpa HAa METEOCTaHIUH TyHKa. PacdeT KOIMYecTBO SCHBIX,
MACMYPHBIX THEH 1 THEH ¢ IepeMeHHOM 00JIauHOCTHIO TIOKA3ajl, 9TO B AeKaOpe KOIWYECTBO MACMYPHBIX JTHEH
HanOombiee (11), caemoBarenbHO, B 3TOT MECSI] 00JIATHOCTh JJOJDKHA OKa3bIBaTh MAKCUMAIIBHOE BIIMSIHUE HA
CYMMBI IPUXOZsIIEH comHeuHol paguanuy. CpeqHsis 3a MecsI MPOAOJKUTEILHOCTD JIHS B STHBApE U B JieKa0-
pe MpUMEPHO OAWHAKOBAs, HO B sTHBape HAOIIOAACTCS yBEIHMUCHNE paIHalliOHHOTO OajlaHca M3-3a yMEHbIIIe-
HUSI KOJTMUECTBA TACMYPHBIX 1 YBEIMUCHUS ICHBIX JHEH. Hanbombiee KomuuecTBoO SICHBIX AHEH HaOmonaeTcst
B aBrycrte (7), HO M3-3a 3HAYUTEIHLHOTO KOJHMYECTBA MTACMYPHBIX THEH (6), MecsdHas CyMMa CyMMapHOH cout-
HEYHOH pajualy HWXE, YeM B Mae, KOTJja KOJIMYECTBO SICHBIX U ITaCMypPHBIX JHEH MUHHMMAJIbHO, T.€. BECh
MIPUTOK CYMMAapHOH COTHEYHOH pagnaIfy ONpeaessieTcs JHIMH ¢ TIepeMEeHHON 00Ia9HOCThIO.

3HaYEeHUs CyTOUHBIX CyMM CYMMapHON M OTPayKeHHON COTHEYHOH paJualiii 3a JICTHUE MECSIIbI XapaKTe-
PU3YIOTCS OOJIBIIIEH MEXKCYTOUHON N3MEHYNBOCTBIO M UMEET 00JIee BEICOKHE 3HAUCHNS, 4eM B 3uMHHE. OCHOB-
HBIMH IPUYMHAMH U3MEHEHUH CyMM COJTHEUHOHN PaJMalIiH SBISETCS YBEIHMUCHUE TIPOIOKUTEIBHOCTH CBETO-
BOTO JIHS, PEKHUM 00IauHOCTH, COCTOSTHHE MOACTHIIAIONIEH TOBEPXHOCTH.

I Gonee moxpoOHOTO aHaM3a OBUTH BEIOPAHBI ABAa MECSIa-TIPEICTAaBUTENS Toa — STHBAph U HIoNb. B
KaQXJOM W3 JIByX BBIOpDAaHHBIX MECSIEB IPOAHAIM3UPOBAHBI Mapa IHEH, a MMEHHO, CaMblii NAcCMypHBIH
(09.07.2016 1 22.01.2016) n camsrii sicuabrit (01.07.2016 1 29.01.2016), st TOro, YTOOBI TPOCIEANTH BIUSIHNE
00/1aYHOCTH Ha U3MEHEHUE COJHEYHOM pajualiiy B TEUCHNE CYTOK TIPH PA3HON MPOJOIKUTEIBHOCTH COTHEU-
HOTO CUsIHMA. B 3uMHMI 1 B TeTHHI MecsI] U3MEHEHNSI CYMM CyMMAapHOM paiialiuy MpsiMO IIPOHOPIIHOHAIBHEI
n3MeHeHnto BeIcOoThl ConmHua. Haubonbinme 3HaueHNs: HaOMIOAAIOTCS B TOMy/ICHHOE BpeMs. Tak B siHBape B
NaCMYpHBIii IeHb 3HAYEHHs CyMM CyMMApHO# COTHEYHOMN pajuaruu He npesbimaot 1,61 MJIx/M’, a B icHbIit
nenb — 4,88 MJIx/M’. Hanbonbliie 3HAYeHUs Qcym. HaOmOMal0TCS B MOMyACHHOE BpeMs. Tak HamOosbIIee
3nauenne QcyMm. 22 suBaps coctasuna 0,09 MJIx/m* B 14:00, a 29 suBaps — 0,25 MIIx/m* B 14:00. B o1 qum
XOPOIIO BBIPAKEH CyTOUHBIN XOII.

B nerHuit Mecsn B naCMypHBIN JIeHb 3HAYEHHUS] CYMM CyMMapHOH COJIHEYHOHM paJualyy HE IPEBBIIAIOT
3,43 M/Ix/M2, a B camblil AcHBIN neHb — 19,2 M/x/M2. 3HaueHUsI CyMM CyMMapHOW COJTHEYHOM parainu
cymiecTBeHHO oTnudatoTcs. Hanbomnpmme 3HaueHust Qcym. HaOM0atoTes B MOMyAeHHOE BpeMs. Tak HanboIb-
mee 3HageHne Qcym. 9 utons coctasmio 0,15 MDx/m” B 13:30, a 1 mronst — 0,55 MDx/m2 B 14:00. [Ipu 5ToM B
SICHBII IEHb YETKO BBIPAYKECH CYTOYHBIN X0 B OTJINYUE OT TACMYPHOTO.

B pesynbrare KOMIIJIEKCHOTO HCCIIEOBAaHNSI M3MEHEHHUS TOJJOBOTO X0/1a COCTABIISIIONINX PaJNalliOHHOTO
GanaHca Ha MeTeocTaHIMM TyHKa 3a paccMaTpPHBAEMBbIi IEPHUOA MOXKHO CHIENIaTh BBIBOJ, YTO Ha paJMalnoH-
HBII OalaHC B KOPOTKOBOJIHOBOM YacTH CIIEKTPa, CyMMapHYIO M OTPAXCHHYIO paJnalus akTHBHO BIUSET 00-
JIaYHBIN TTOKPOB. 3UMOIT 00JIAYHOCTD OUTH Ha 65% ociabisieT CONMHeUHyI0 pajuanuto, a jeroM Ha 81%. B te
JTHH, KOT/Ia HaOromaeTcs O0IbIIoe KOMTMYECTBO 0OTa9HOCTH, OCHOBHBIE COCTABISIONINE paJHaIliOHHOTO Oa-
JIaHCA YMEHBIIAIOTCS, 110 CPABHEHHUIO C ACHBIMH JTHSIMHU. CyMMBI IPUXO/SIIECH, OTpaXKEHHOH paanauy U paam-
AIMOHHBIN 0aJlaHC TPUHUMAIOT HAaHOOJBIINE 3HAYECHHS B TEIUIbIC MECSAIIbI, & HAMMCHBIIINE 3HAYCHUS B XOJIO/I-
HBIE MECSIBL. ANb0eno0 e Ha00OPOT MPUHIMAET MAaKCHUMAJIbHbIC 3HAYCHHS B XOIIOJHOE BPEMS, @ HANMCHBIIINE
3HAUCHHUS B TEIUIOE BPEMSI, UTO CBSI3aHO C U3MEHEHNEM TO/ICTIIIAIOIIEH TOBEPXHOCTH B TEUCHHUE TOIA.

Jumepamypa:

1. Bymvieuna O.H., Pazysaes B.H., Anexcanoposa T.M. Onucanue maccusa OaHHbIX CYmMo4HoU
memnepamypol 8030yXa U KOIUYECmaa 0CadKo8 Ha Memeopoio2uyeckux cmanyusix Poccuu u
ovisuweco CCCP (TTTR). Ceudemenbcmeo o 20cy0apcmseenHoul pecucmpayuu 0azvi OaHHbIX No
2014620942 URL: http://meteo.ru/data/162-temperature-precipitation#onucaHue-maccuga-9daHHbiXx.

2. Iapesxcesa T.B., Boponau H.H. Monumopumne kopomkogoinoeou paouayuu 8 TyHKuHcKou
xomnosune // 2017. — C. 76-77.

3. Posenmanwv B. A. Monumopuhe paouayuonnsix nomoKkog annapamuo-npocpamMmmHbiM KOMIIEKCOM
SUN/B. A. Pozenmans [u 0p.]. // Onmuxa ammocghepwt u oxkeana. - 1999. - 12, 1. - C. 82-86.

4. Hlunvkos A. B. Cucmema ,,ATRAD * 015 pacuemos ammocghephoti paouayuu.: peKkoHCmpyKyust
Murpoceuenutl noznowenusi u paccesnust / A. B. Ilunvkos, U. JI. I{eemrosa, C. B. [[lunvkosa //
Mam. mooenup. - 1996. -8, 8. - C. 104—127.
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ong-range forecasts (monthly and seasonal)

I are required in many fields of human activity.

The forecast of climate anomalies at interan-

nual time scales becomes a new problem. The World

meteorological organization recently declared this
problem as a ‘grand challenge’.

Potential sources of atmospheric circulation
predictability at subseasonal and seasonal time scales
are boundary conditions and some internal oscilla-
tions of the atmosphere, such as sea surface tempera-
ture (including El Nino phenomenon), land surface
conditions (including snow and vegetation), Mad-
den-Julian oscillation, North Atlantic oscillation,
stratospheric variability (including sudden strato-
sphere warmings), sea ice (Vitart et al, 2012).

The climate anomalies forecast at the interannu-
al time scales is based on predictability of internal
atmosphere oscillations and phenomena in the cou-
pled atmosphere-ocean-sea ice system. Examples are
quasi-biennial oscillation in the stratosphere, North-
Atlantic oscillation, El-Nino-Southern oscillation.
The World ocean circulation plays an important role
in the anomalies of the atmospheric circulation at in-
terannual time scales.

The experience of the world leading centers
shows that the combination of improvements in the
description of subgrid-scale processes and high reso-
lution of the models allowing to describe synoptic-
scale process with sufficient accuracy leads to im-
provements of long-range forecasts quality.

The system for long-range forecasts based on
the atmosphere general circulation model SL-AV is
being developed in Russia. Unlike the existing opera-
tional system based on the previous generation of this
model, the new system includes also the global ocean
model INMIO (Ibrayev et al, 2012) and sea-ice mod-
el CICE. Earlier, preliminary experiments with the
new coupled model were carried out. These experi-
ments have confirmed its computational characteris-
tics; also, the surface heat balance was tuned. Re-
cently, new version of the SL-AV atmospheric model
has been developed. This version is for long-range
forecasting and climate change simulation. Having
the same horizontal resolution 0.9 x 0.72 degrees in
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SESSION 2

longitude and latitude, this version has essentially higher vertical resolution — 85 levels instead of 28. The ver-
sion of the SL-AV model reproduces main phenomena of the stratosphere dynamics — quasi-biennial and semi-
annual oscillations in equatorial stratosphere zonal wind, formation of circumpolar vertices and sudden strato-
sphere warmings in the Northern hemisphere. These and other results obtained with the version of the SL-AV
model will be shown at the conference.

This study has been carried out at the Institute of Numerical Mathematics RAS and funded by the Russian
Science Foundation grant No. 14-27-00126P.
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BBEJEHWE

JlonrocpoYHbIi MPOTHO3 (MECSYHBIN U CE30HHBIN) BOCTPEOOBAaH BO MHOTHX OTPACIISIX HAPOIHOTO XO3SH-
ctBa. Takoii mporHo3 HEOOXOIMM /s IPABIIIBHOTO pacyeTa CPOKOB CO3PEBAHNUS CEIbCKOXO3SHCTBEHHBIX KYITb-
Typ U OLEHKHU ypokailHOCTH. Hannuue HaeXHOro NporHo3a CpeiHeCE30HHOM IPU3EMHON TeMIIepaTyphl 10-
3BOJIMIIO OBI IUTAHUPOBATH 3aIlachl YHEPTOPECYPCOB B dHepreTuke. [loaToMy mpobiiema MOBBIIICHUS Ka9ecTBa
JIOJITOCPOYHOTO MPOTHO3a MPU3HAHA aKTyaTbHOHM BO BCeM MHpe. B To e BpeMs B CHITy CIIOKHOCTH 3TOH 3a7a-
9M UG |4 BeIymuX MEHTPOB BHIMYCKAIOT ONEPATUBHBIC JOITOCPOYHBIC MTPOTHO3BL. CiIenyeT OTMETUT, YTO
O] IPOTHO30M 37I€Ch TOHUMAETCS BEPOSTHOCTHBIN IIPOTHO3 OCPETHEHHOM 32 Mepro/] aTMOC(HEPHON ITUPKYIIS-
nuu. HoBoit 3a1a4eil cTaHOBUTCS MPOTHO3UPOBAHUE aHOMAJIMIA KITMMaTa Ha MEXTofoBbIX MaciiTabax. Hexas-
HO 9Ta 3a/1a4a Obl1a 00BSIBIICHA «OOJBIITMM BEI30BOM» BCeMHpPHOM METEOPOTIOTHIECKON OpraHu3ainei.

ITo cocTosHMIO HA CETOAHAIIHUN IEHb, MOJACTBHBIC IMPOTHO3BI COCTOSIHUS arMoc(epsl Ha ce30H (U B
MEHBIIICH CTENICHN Ha MECAII), PACCIUTHIBAEMBIC BO BCEX MPOTHOCTHYECKHX IIEHTPAX, HE MOTYT XapaKTEePH30-
BaThCA KaK HaJISKHBIC MPAKTHYECKH JJIS BCETO 3€MHOTO ITapa. B To jke BpeMs HaJe’)KHOCTh IIPOTHO3a Pa3ind-
HBIX METEOPOJIOTHYCCKUX BEITMYNH BAPHHPYETCS B 3aBUCHMOCTH OT pernoHa. Tak, HampuMep, MPOrHo3 0cai-
KOB SIBIISIETCSI HAASKHBIM (KodpduitneHT Koppesiiuu = 0.8-0.9) TonbKo 1Isi BOCTOYHOH 9acTH SKBATOpHAITh-
HOM 30HBI THX0TO OKeaHa. Apeas HaJe)KHBIX IIPOTHO30B BETPa M TEMIIEPaTyphl B HIDKHEH Tporocdepe oxBa-
TBHIBACT MPAKTUIECCKH BECh TPOMUUECKUN MOSIC ¥ ATTU30IMIECKH 3aMETHO BTOPTaeTCs B CPEAHNE U TaKe TOIISP-
HbIE MIPOTHL. OTHAKO KapThI OMPABABIBAEMOCTH IIPOTHO30B MPU3EMHBIX METEOPOIOTHIESCKUX BETHYNH HMEIOT
BeChMa MO3aM4YHYIO CTPYKTYPY.

K uncny nambomnee yCHEIIHBIX XapaKTEPUCTHK MECSYHOTO M CE30HHOTO MPOTHO3UPOBAHUS OTHOCSTCS
MaKpOMacIITaOHBIE TapaMeTPhl IUPKYISAINHN, YTO 00YCIIOBICHO BHEPEHHEM COBMECTHBIX MOienel atMocde-
PBI-OKeaHa-CyIITH ¥ C BKIIOYCHHEM B aTMOC(EpHBIE MOJIEIH TOAPOOHOTO OTIMCAaHUS IPOIIECCOB B cTpaTochepe.
K coxkanenuro, Mporao3 MakpoMacIITa0HBIX XapaKTEPUCTUK HUPKYJSAINHA B HACTOSIIEE BpeMs HE OTBEYACT
TpeOOBAHUAM MIPAKTUIECKOTO PUMEHEHUS ISl BBICOKHUX U CPETHUX IITHPOT.

NCTOYHMKM NPEOCKA3YEMOCTW OCPEAHEHHBIX AHOMAINA ATMOCOEPHOW
LUMPKYNALNN

[ToTeHIMaNbHBIMU UCTOYHUKAMH TPEICKa3yeMOCTH OCPEAHEHHOW aTMOC(EpPHON LUPKYISAIUHA Ha BHY-
TPUCC30HHBIX U CC30HHBIX BPEMCHHBIX MaciuTabax sSBIISIIOTCS TPAaHUYHBIC YCIIOBUA U HEKOTOPHIC BHYTPEHHUC
kosebanust armocgepsl (M., Harpumep, [1]):

- TeMIIepaTypa MOBEPXHOCTH OKeaHa (B T.4. siBieHue Dnb-Hunbo-Jla Hunbs),

- YCIIOBHS HA TIOBEPXHOCTH CYIIH (B T.4. PACTUTEIFHOCTHU U CHETa),

- konebanne Manaena-/xynuana (KM/I),

- CeBepo-Armnantuueckoe konebanne — Apkrudeckas ocumuisinus (CAK-AO)

- cTparocepHasi U3MEHYHUBOCTh (B TOM YHMCIIE, BHE3AIHbIE CTPATOC(HEPHBIC MTOTEILICHHU ),

- MOPCKOM JI€Zl ¥ €r0 TOJILIMHA.

B Mupe BemyTcs akTHBHBIC HCCIICIOBAHUS, HAIPABICHHBIC HA MOBBIIICHHUE MTPEICKa3yeMOCTH aTMochep-
HOM IIMPKYJISILIMY Ha BHYTPUCE30HHBIX M OoJiee KpyIHbIX MaciuTabax. OCHOBHOE BHUMAHHUE IIPH ATOM YIIelisi-
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€TCsI YBEIIMICHUIO TIPEACKa3yeMOCTH (P PEKTOB B3anMOACHCTBHS atMocheps! 1 okeana (Dnb-Hunbo, koneda-
Hue Mannena-/[)xynrana) U CBA3aHHOW C HUMH IPEACKAa3yeMOCTH aTMOC(HEpHON NUPKYISAINHA B TPOITHUKAX.
Psx pabot Taxke mocBAmeH npeackasyeMocTn CeBepo-ATIaHTHYECKOTO KoJeOaH st - APKTHYECKOTro Koeba-
s (CAK-AO), oka3pIBarOIEro 3HAYUTEIEHOE BIUSIHNE Ha aTMOC(HEPHYIO N3MEHUYNBOCTD B CPETHUX U BBICO-
KHUX MIAPOTax ceBepHOro momymapus. B nHagame 2000-X Tro1oB MOSBIIINCH PaOOTHI, KOTOPBIE PACCMATPHUBAIOT
JUHAMHKY cTpaTtoc(epsl Kak BaKHBIH (AaKTOP, ONPEIENAIOMNI BHY TPUCE30HHY IO IUPKYIISIHIO BO BHETPOIIH-
YEeCKOH 9acTH CEBEPHOTO MoTymapus (B TOM ducie, mocpenctsoM B3anmozeictsus ¢ CAK-AO). bt omy6mm-
KOBaH psf padort ([2, 3] u apyrue), B KOTOPHIX, HA OCHOBE aHAIN3A TAaHHBIX HAOIONCHUI U MOJCITEHBIX YKCIIC-
PUMEHTOB, JIETIACTCsI BBIBOJ O KJIFOUEBOM 3HAYEHUH THHAMHUECKOTO B3anMOieHicTBIS Tporocdepsl U cTparoc-
(epsl B hopMHPOBaHUS W3MEHUYMBOCTH MakpoMacmTabHol mupKymsanuu. Hanbomnee sipko BIusSHUE CTpaToC-
(hepHO IMHAMUKH BhIpa)keHO B 3UMHUH nieprox (B CeBepHoM nomymmapun) [4]. beuto mokaszaHo, 9To ymydiie-
HHUE ONMHCAHUs CTPaToc(heprl B MOAEIAX OOILIEH HUPKYISAIMN aTMOC(EphI MO3BOJISET YBEIUIUTh PeCcKasye-
MOCTH aTMOC(epHOH IUPKYISAINNA HAa CE30HHBIX BPEMEHHBIX MacmTabax [5]. OCHOBHBIM B MEXaHHW3ME B3aH-
MozeicTBuUs Tporocdepsl 1 atMoc(heps! SBISIETCS PACHPOCTPAHEHUE IIIAHETAPHBIX BOJIH B cTpaTocdepe, Ko-
TOPOE 3aBHCUT OT PEKUMA IIUPKYISIUN CTpaToc(epsl, B 0COOEHHOCTH OT MHTEHCHBHOCTH MOJISIPHOTO BUXPSI
[6]. [TonspHBI BUXph BO3HUKAET Onarofaps HAJIHMYUIO TPAJNEHTa TEMIIEPaTyphl, CBA3aHHOTO C HEPaBHOMEP-
HOCTBIO PAacIIPeIeIeHHs 030Ha O MUPOTE (U, CIEA0BATEIBHO, HEPABHOMEPHOCTHIO MOITIOIICHHUS YIbTpaduo-
JIETOBOTO M3ITYYCHHUS B CTpaTocdepe).

Konebanne Mannena-/xynunana (KM/I) B3anMoeiicTByeT ¢ ITIaBHBIMH MOJaMHU aTMOC(HEpHOH N3MEHYH-
BOCTH, TaKUMH Kak Dib-Huupo - FOxHO0e konebanme (JHIOK) u CeBepo-ATrimanTuyeckoe Koebanne, oKa3bl-
Bas mIobaipHOE BIMsHUE Ha atMocdepy [7]. KauectBo BocmponsBenenus konebanus Mannena-/[xynmnana B
MOJIETISIX aTMOC(EpPBI MOCIETHUE TO/IbI CYIIECTBEHHO YIyqIINIOCh. B HacTosmmee BpeMst IpakTHUecKas mpesi-
CKa3yeMOCTb 3TOTO SIBIICHUS B HEKOTOPBIX MOJEISX npeBbiitaeT 20 aHeil.

Jlist cpenaux mmpoT Poccuu BAMSHEE COCTOSIHMS OKEaHa Ha PEXHMM arMoc(epbl Ha BHYTPHCE30HHOM
MaciTade CynecTBEHHBIM 00pa30M MOIYINPYETCsI BIMSIHUEM ITOYBEHHOH Biaru. «I1aMsaTh» MoYBeHHOH BIaru
JIETOM MOXKET COCTaBIATH Mopsiaka 1-2 mecsres [8] u 3aBUCHT OT NMPOAOKUTEIBHOCTH TEIIOTO Meproaa 1
JCTIEPCHH 0CaaKoB [9].

B pabote [10] moka3ana 3BOJIOIMS YCHEITHOCTH JONTOCPOoUHBIX porHo30B B EICIIIT. Otmeueno, dto
OCHOBHYIO POJIb B ITOBBIIIIEHUH MPEJICKa3yEMOCTH OTACIBHBIX aTMOC(HEPHBIX SIBICHUI BHYTPHCE30HHOTO 1 Ce-
30HHOTO MacmiTada ChIrpajio yCOBEPIICHCTBOBAHUE OMMCAHMS (PU3MUECKUX MPOLECCOB IMOICETOYHOIO Mac-
mraba. [1pu sTom B padote [11] s pacaeToB aTMoCchepHON IUPKYIAIINHN HA CE30H OTMEYCHO 3aMETHOE ITOJI0-
KHUTEIILHOE BINSHHE MOBBIIICHUS TOPU30HTAIBHOTO PAa3pELICHHS MOJICIN Ha YMEHBIIICHHUE OITHOOK BOCTIPOU3-
BE/ICHHS TPOIMYECKON IIUPKYIISALNN U IUKJIOTEHE3a BO BHETPOITHUECKOH yacT CeBEepHOTO MONyIIapus, CTaTh-
CTHUKHN OJIOKMPYIOUINX aHTHUIMKIOHOB B €BPOATIIAHTUYECKOM CEKTOpE, BILIOTH 10 paspemenus 0,35 rpamryca.
AHaIOTUYHBIEC PE3yABTATHI MTOIYUYCHEI U B MeTeocykoe Bemukobpurannu [12].

Takum 00pa3oM, MUPOBOM OIIBIT ITOKA3BIBAET, YTO COUYETAHNE YCOBEPIICHCTBOBAHMUS B OMMCAHMHN TPOIIEC-
COB ITO/ICETOYHOTO MacIITada u BEICOKOTO pa3pelieH:st MOENEH, TO3BOISIOIETO JOCTATOYHO TOYHO ONHCHIBATD
MIPOLIECCHI CHHONTHYECKOTO MACIITa0a, MPHUBOIAUT K MOBBIICHNIO OMPABIBbIBAEMOCTH JI0JTOCPOYHOTO MPOTHO3A.

ITporHo3 aHOManMii KIMMaTa Ha MEKTOI0BOM MacIITa0e OCHOBBIBACTCS HA MPEICKA3yeMOCTH BHYTPEH-
HUX KosreOaHuit aTMoc(epbl 1 COBMECTHON CHCTEMBI aTMOC(epa-okeaH-MOPCKO# Jie]T (KBa3uAByXJIeTHEE KOJIe-
6anue B cTpatoctepe, CeBepo-AmmanTrueckoe konedanue, Inb-Huapo-tOxnas ocmusinms). Baxayio pons
B @aHOMAJIMSIX aTMOC(EPHON NUPKYISILUHI Ha MEKTOIOBBIX MaclITabax UrpaeT NUPKy/ISIus MUPOBOTO OKeaHa.
B meteociyx6e BennkoOputanun i IporHO3a ¢ 3a01aroBpeMEHHOCTRIO TIONTOPa Trofia TOCTUTHYT K03 du-
LUEHT KOPPEsIin 3uMHero nHaekca CeBepo-ATiIaHTHIeCcKoro Kojebanus, mpesiraromuii 0.3 [13].

PA3BUTME OTEYECTBEHHOW CUCTEMbI JO/ITOCPOYHOMO NPOMHO3A
HA BA3E MOJEJ/I ATMOCO®EPbI MNJ1AB

B Poccuu pa3BuBaeTcs cucteMa J0JITOCPOYHOTO MPOTHO3a HA OCHOBE MOJETH OOIIeH IMUPKYISINA aT-
Mocheps [TJIAB [14]. B ominuue cymiecTByromeil oneparuBHON CUCTEMbI, OCHOBAaHHOM Ha BEPCHUU ITOH MO-
JIeNT TIPEABLAYINEro TOKOJICHUS, HOBas cucTeMa Oy/eT BKJIIOYaTh Takxke monenu Muposoro oxeana [15] u
Mopckoro Jipaa [16]. C HOBOI cOBMECTHON MOJIENBIO paHee OBIIN BBITOJHEHBI TECTOBBIC PACUETHI, TOATBEp-
JKJIAIOIIUE €€ BHIYMCIUTENbHBIE XapaKTEePUCTHKH, a Tak)Ke ObljIa BHITIOJIHEHA HACTPOiiKa OaaHca Teria Ha Mo-
BepxHOCTH okeaHa [17]. HenaBHo pa3paborana HoBast Bepcus Moziein armochepst [IJTAB, opuenTupoBanHas
Ha }IOJ’IFOCpO'—IHLIﬁ MPOTrHO3 U MOJACIUPOBAHUC H3MEHCHUMN KJInMara, KoTopas Mmpu TOM K€ TOPHU30HTAJIbHOM
paspeniennu 0,9x0,72 rpamyca 10 T0JAT0OTE U IMKAPOTE UMEET CYIICCTBCHHO 00JIee BBICOKOE BEPTHKAIBLHOE Pa3-
peuienue — 85 Bmecto 28 ypoBheii. Takoe paspelieHne, BMECTE C MapaMeTpH3alisiMi CTparoc(epHbIX Tpo-
[[ECCOB MOJICETOYHOTO MacITada, Mo3BOJISIET HAIESThCS Ha a/IEKBaTHOE BOCTIPOU3BEICHNE B MOJICITH SIBIICHHH,
OIMCAaHHBIX B PENBIIYIIEM paszerie.

Bricora Bepxuero yposusa mozenu 0,3 rlla (okono 62 km). BepTukansHoe pa3penieHue B Tpornocdepe MeHs-
etcs ot 60 M B morpanmyHOM cioe 10 700 MeTpoB B paiioHe Tponomnay3sl. Beime yposas 150 rlla (15 km) nHaxo-
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SESSION 2

naTes 50 ypoBHEH, pacCTOSHUE MEK/Ty HUMH IIaBHO yBENMW4nBaeTcs ¢ BeICOTOH oT 700 M 10 1 kM. Okomo Bepx-
Hel rpanuiel Moen (Beiae 1 rlla) paccTostHre MEX Ty YPOBHAMH PE3Ko pacTeT oT 1 10 3 kM. YBenndeHue mara
CETKH 110 BEPTHKAIN HAPAIY C IeMI(pHUPOBaHUEM IHBEPreHTHBIX ABMKeHUH Bhiie | rlla mosBosser n3bdexarb
JIO’KHOTO OTPa’KeHHUSI HHEPIIMOHHO-TPABUTAIIMOHHBIX BOJIH OT BEPXHEH IPaHUIIBI MOJIETIBHON aTMOC(EpBI.

Junamuka ctparocdepbl BO MHOTOM ONPEIEINSETCs TPAaBUTAIOHHBIMU BOJTHAMH OPOTPadUUECKON HITH
KOHBEKTUBHOH NPHUPOJIBI, PACTIPOCTPAHSIOMIMMUCS U3 TPomocdepsl. I paBUTAMOHHBIE BOTHBI OTIAIOT CBOM
UMITYJIbC CPEAHEMY TEUCHHUIO, OOpPYIIAsCh MPH AOCTHKEHHH KPUTUUIECKUX YPOBHEH, U SIBISIOTCS OCHOBHBIM
(hakTopom, popmupyromuM OIOHKET MOMEHTa WMIYJIbca B cTparocdepe. XapaKTepPHBIH TOPU30HTAIBHBIN
MaciTab HanbOosee 3HauMMBbIX BOJIH — 0T 500 M 10 10 KM, 9TO 3HAYNUTEILHO MEHBIIIE IIara CETKM Moaen. Ta-
KM 00pa3oM, pacripoCTpaHEHHE IPaBUTALIMOHHBIX BOJIH JJOJKHO OBITh ONMHUCAHO MapameTrpuyecku. [Tomumo
apaMeTpU3aIlH PacIIPOCTPAHEHNUS U 00pYIIEHHUs OporpaduIecKuX rPaBUTAIIMOHHBIX BOJH [ 18], HOBas Bep-
cust mozenu I1IJTAB BKimrodaeT mapaMeTpHu3aliio paclpoCTPaHEHUs] U OOpYIIEHHs TPaBUTAIMOHHBIX BOJH,
MTOPOXKICHHBIX TpoIieccoM TTyOokoi koHBekmwH [19]. B mapamerpusanmu [19] onmceiBaeTcst BepTUKAIbHOE
pacIpocTpaHeHNe, B3aUMHOE BIUSIHAE W OOpYIIEHNUE BOJIH C Pa3HBIMU HAIPaBICHUSAMH (a30BON CKOPOCTH 110
TOPU3OHTAIH (BCETO yunuThIBaeTCs 12 a3umMyToB). IHTEHCHBHOCTD MCTOYHUKA TPABUTAIIMOHHBIX BOJH 3a/1a€T-
Cs1 TOCTOSTHHBIM 10 BPEMEHH PACIIPEAEICHHEM C IBYMsI TUKAMH Ha 5° CEBEPHOH 1 FOXHOW IIUPOTHI U TPETHUM
ITUKOM B paifoHe CPeTHUX IUPOT F0KHOTO MOTyIIapHsL.

Hogas Bepcust mogenu I1JIAB BoCIpon3BOINT OCHOBHBIC SIBICHUS AWHAMHUKHU CTpaToc(epbl — KBa3u-
JIBYXJICTHHE U TIOIyTOAOBBIEC KOJeOaHMsI 30HAIBHOTO BETpa B AKBaTOpHaNbHON cTpartocdepe (puc. 1), hopmu-
poBaHHUEe IIMPKYMITOJISIPHBIX BUXpeil 1 BHe3amHble cTpatochepusie notemienns (BCII) B ceBepHoM momytia-
pun. CKOpPOCTh BETpa B IUPKYMITOISIPHBIX BUXPSIX HECKOJIBKO HIKE, YEM I10 JaHHBIM HAOMIONECHUH (MakcH-
MaJbHas 30HaJBHO-0CPETHEHHAs CKOpPOCTh BeTpa 40-50 M/C B ceBepHOM IMPKYMITOISIPHOM BUXpe poTUB 70
M/c manaeIM peananm3a ERA-Interim [20]). ITo utoram mpeaBapuTeI-HOTO SKCIIEPUMEHTA IT0 MOICTTHPOBAHUIO
MUPKYISAIANA aTMocdeps! Ha 4 roga 3aduKCHpoBaHo ABe 3UMBI, koraa BCII B ceBepHOM NOTyIIapuy POU30III-
710 ¥ 1Be 3uMbl, 0e3 BCII.

Puc. 1. Monyrogosble 1 KBa3u-ABYXNeTHUE KonebaHWA Be-
Tpa B 3KBaTOpUasnbHOM cTpaTocdepe, BOCNPOM3BOAMMbIE
mopenbto MJ1AB.

Ha xondepenimu Taxoke OyIyT HpeICTaBIeHbI 1
JpyTHe pe3y/bTaThl, HOJIyYeHHBIE C TOMOIIBIO HOBOH
Bepcuu Mozenu armochepsl [IJTAB.

Hccnedosanue 8binonHeHo 3a cuem epanma
Poccutickozo nayunoeo ¢honoa (npoexm No 14-
27-0012611) 6 Hncmumyme @ul4uciumenbHou
Mmamemamurku PAH.

Height (km)

JanMarMay Jul SepNov JanMarMay Jul SepNov JanMarMay Jul
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Changes of thermodynamic characteristics
in the troposphere and stratosphere in 1979-2016

Y.P. Perevedentsev, K.M. Shantalinsky, V.V. Guryanov, A.V. Eliseev

Kazan Federal University, Kazan, Russia
E-mail: ypereved@kpfu.ru

timated based on the ERA-Interim reanalysis for 1979-2016 with an emphasis on three sectors: Atlantic-
European (1), Asian-Pacific (II), and American (III).

For all seasons, coefficients of linear trends for temperature strongly depend on season. Such coefficients
are positive in the troposphere (warming in 1979-2016). In the summer stratosphere in and in the lower meso-
sphere, these coefficients are negative with the magnitudes much exceeding those in the troposphere (e.g., the
trend slope is equal to -0.9 °C/decade).

In this paper, a number of thermodynamic characteristics in the Northern middle latitudes (30-65°N) are es-
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SESSION 2

Temperature changes in the vertical depend on longitudinal sector. In winter, in the troposphere in sector I,
temperature is larger than the zonal mean temperature (ZMT) by 3°C, in the layer 10-35 km in the same sector,
it is smaller by 4.5 °C, and in the layer 35-64 km is again larger than ZMT by 3.5 °C. This is in contrast with
sector II, where in the troposphere temperature is by 4 oC smaller in comparison to ZMT, in the layer 10-40 km
the temperature is warmer relative to ZMT, and in the upper stratosphere and in the mesosphere is colder than
ZMT at the same altitudes. In sector III the signs of the temperature differences from ZMT are similar to those
in sector I, but with smaller magnitudes. In summer, such layering is not so pronounced.

Maximum values (up to 13-10°) of the ozone mass maxing ratio (OMMR) in the Northern middle lati-
tudes are found at latitudes from 31 to 34 km in summer. The largest annual cycle-related OMMR anomalies
(up to 0.4-10°) are found from November to January in sector II in the layer with altitudes from 15 to 35 km. In
sector I, in contrast, OMMR is negative in the same months and at the same latitudes.

We calculated characteristics of the waves in geopotential heights. We found that energy of the wave of all
types (E: eastward travelling, W: westward travelling, S: stationary) is correlated in the extratropical middle
atmosphere with the quasi-biennial oscillation in the equatorial zonal wind speed at the 50 hPa level. Wave en-
ergy for E-waves is positively correlated with the Arctic Oscillation (AO) index in the extratropical troposphere
and stratosphere. W-waves energy is positively correlated with the AO index in the troposphere to the south of
60°N and negatively correlated with this index to the south of 60°N.

The work was supported by the Russian Foundation for Basic Reasearch (project 18-05-00721).

3MeHeHnA TepMoOMHAMNYECKUX XapaKTEPUCTUK
B Tporno- ctpaTtocdepe B nepuog 1979-2016 rr.

NepeBepenues [0.11., WaHTanuuckum K.M., lypbanos B.B., Enucees A.B.

Ka3zanckuii (Mpuson:ckuit) depepanbHblil yHuBepcuteT, KasaHb, Poccua
E-mail: ypereved@kpfu.ru

JIABJICHHS, TEMIIEPATyphl BO3/IyXa U cCKopocTH BeTpa B niepuoa 1900-2014 1T, 9To MO3BOIHIIO BBISIBUTH

JIONITOTIEPUOTHBIC TEHICHIIMM METEOPOTOTHUECKIX BEIMUMH HA PA3IMUHBIX H300apHUECKUX MOBEPX-
HOCTsIX B Tpornocdepe. B mocieanue roapl B CBA3U ¢ Pa3BUTHEM U3MEPHUTEIBHBIX M HHPOPMAITHOHHBIX TEXHO-
JIOTHH CTasI0 BO3MOKHBIM O0Jiee JeTaabHO U3ydaTh MPOIECCHI MTPOUCXO/AIINE B 00Iee BBICOKHX CIO0SX aTMOC-
depol. K gncny HanbosIee akTyaabHBIX MPOOJIEM CIICAYEeT OTHECTH U3yUCHHE JUHAMHYECKOTO B3aUMOICHCTBUS
Tporocdepsl U cTparocepsl, BOSHUKHOBCHHS BHE3AIMHBIX CTPATOC(HEPHBIX MOTEIJICHUH, BOJHOBOH aKTUBHO-
CTH, TPEHIOB TeMIIeparypsl B ctpatocdepe u ap. [1].

BpaGOTax [6,7] naHO ommcaHHE MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYHMBOCTH IOJIEH arMOC(epHOro

Tabnuua 1. XapakTepucTUKM HU3KOUACTOTHOM M3MEHYMBOCTM CPEHMUX TEMMEpaTyp YMepeHHoM 30HbI CeBepHOro nonyLua-
pu1A Ha 26 N306apUyECKUX NOBEPXHOCTAX.

SluBapp Hrons
Yposensb, rlla - - " " " -
Av. °C c.C A, °C/rog Av. °C c.’C A, °C/rox
1000 -0,60 0,64 0,026 19,54 0,40 0,028
925 -3,77 0,56 0,026 16,38 0,45 0,031
850 -5,87 0,51 0,024 12,97 0,44 0,028
700 -12,33 0,45 0,021 4,19 0,39 0,022
600 -18,98 0,42 0,018 -2,97 0,40 0,023
500 -27,59 0,39 0,017 -11,63 0,42 0,023
400 -38,53 0,36 0,016 -23,00 0,44 0,022
300 -50,60 0,37 0,018 -37,97 0,50 0,027
250 -54,98 0,46 0,018 -45,90 0,49 0,024
200 -56,16 0,55 0,014 -51,28 0,49 0,013
150 -56,34 0,50 0,013 -55,05 0,45 0,005
100 -59,22 0,50 0,005 -58,29 0,53 -0,013
70 -60,19 0,71 -0,005 -56,86 0,62 -0,026
50 -59.,88 1,01 -0,009 -53.,95 0,59 -0,032



mailto:ypereved%40kpfu.ru?subject=

Yposens, rlla Ausapn Mo
Av.°C c.°C A, °C/rox Av.'C c.’C A, °C/ron

30 -58,49 1,38 -0,009 -49,62 0,55 -0,030
20 -56,51 1,46 -0,002 -45,31 0,48 -0,025
10 -50,89 1,68 0,016 -37,14 0,44 -0,021
7 -45,01 1,78 -0,030 -32,02 0,45 0,016
5 -38,69 1,96 -0,073 -26,24 0,59 0,029
3 -31,21 2,16 -0,054 -14,51 1,02 -0,063
2 -27,35 2,88 -0,046 -7,38 1,37 -0,090

1 -22,50 3,04 -0,023 -3,98 1,65 0,046
0,8 -21,14 3,09 -0,010 -4,60 1,92 0,085
0,51 -19,47 3,36 0,023 -10,39 2,13 0,113
0,29 -22,82 3,27 0,041 -24,30 1,89 0,078
0,1 -34,44 2,52 -0,001 -51,25 1,66 -0,032

B noxmane ¢ mcrons3oBanneM JaHHBIX peaHann3za ERA-Interim [4] paccuuTsiBanics psa TepMOAHMHAMU-
YECKUX XapaKTEePUCTHK [T yMepeHHOH 30HbI (65-30° c.m.) CeBeproro momymapus (CIT) u ero 3-X ceKTopoB:
Atnantuko-Espomneiickoro (1), Aznarcko-Tuxookeanckoro (II) m Amepukanckoro (I1I). B tabmn. | mpeacrasie-
HO pacIpeiesiCHHe TI0 BEPTUKAIN CPEIHUX MHOTOICTHUX 3HAYCHUH Temmeparypsl Bo3ayxa AV (°C) u Benndn-
HBI HAKJIOHA TWHEHHBIX TpeHnoB A (°C/ron) Ha 26 n300apHuecKruX MOBEPXHOCTAX IS BCEH YMEPEHHOH 30HBI.
OcpenHeHHbIE TaHHBIC TI0 YMEPEHHON 30HE KaK AJIS SSHBAPSI, TAK U MIONS TTOKA3bIBAIOT MOHIKEHUE TEMIIEpaTy-
PBI € BBICOTOH B Tpormocdepe, ee pocT B cTpaTtocdepe 1 BHOBb MOHMKEHHE B Me3ochepe. OTMedaeTcs ee 3Ha-
YUTEIBHBIA TOJJOBOH X0, BKITIOYast M BepxHHE ciion atMocdepsl. KoahdhuimenTs HakI0Ha THHEWHOTO TPeH Ia
(KHJIT) cBUETENBCTBYIOT O HEOJHOPOIHOM XapaKTepe N3MEHEHHS TeMIIepaTyphl BO BPEMEHHU Ha PAa3TMYHBIX
ypoBHsx. B Tponocepe KHIIT monokuTenpHbI, 9TO CBUACTENBCTBYET O €¢ MOTeIuIeH!: B meproa 1979-2016
IT., B JIETHEH cTparocdepe 1 HIKHEH Me30chepe MOHMKEHUE TEMIIEPATYPhI IIPOUCXOHII0 OoJiee HHTEHCUBHO,
yeMm B 3uMHeH. Tak, Ha yposHe 2 rlla B mrone KHJIT=-0,9°C/10 net. Takum 06pa3om, IPOUCXOTUT PACCIOCHNE
arMoc(epsl 10 ee OTKIIMKY Ha II00aIbHOE MOTEINICHNE KIIMMaTa.

AHanm3 BEICOTHO-BPEMEHHBIX Pa3pe3oB MEPBHIX pa3HocTell HIu3KodacToTHEIX koMmmoHeHT (HYK) ¢ mepwno-
nom Oomee 10 et remneparyps (°C/ron) B SHBape M HIONE IMoKa3aln cienyiomee. [Iporeccs Hanbonee akTuB-
HO B sTHBape MPOHUCXOIAT B cioe 40-64 kM, 9TO TPOSABISECTCA B IMTOCIEAYIOMIEM YePeTOBAHUN OTPUIIATEIEHBIX U
nonoxuTtenbHex ogaroB HUK ¢ mepuonom 6-8 met. IIpu atom ¢ 1996 mo 2008 1. Ha ypoBHe 42 KM Tiepenas
Temneparypsl coctaBun 7°C. B HmkHeH Me30cdepe 3HaK 09aroB MEHSETCS Ha MPOTHBOMOIOKHBINA. B miomne
MIPAaKTHYECKH SPKHUX TEPEerajoB TEMIEpaTypbl HE OTMEUaeTcsi. MeKromoBble H3MEHEHHs MTPOUCXOAT HE3a-
MeTHO. [lepnosbl ¢ He3HAUNTEIbHBIMH HOBBIMICHUSAMH TEMIIEPATYPbl CMEHSIIOTCS HA IPOTHBOMOJIOKHBIE.

[Ipu paccmorpennn HUK o30Ha HabmromaeTcs JOCTATOYHO aKTHBHAS JHHAMHKA B STHBAPE W OCOOCHHO
utone B cioe 15-45 kM, Te MpOMCXOMUT MocienoBaTeNbHas cMeHa 3Haka odaroB HUK ¢ momoxwurensHO# 1
OTPHUIIATETLHON TEHACHINEH HA IPOTSEHNH 38 paccMaTpUBaEMBIX JIET.

C 1enpio OLEHKU BIUSHUSA (PU3NKO-TeorpaduIecKux (PaKTOPOB, COCTOSHUS TOICTHIIAIONICH TOBEPXHO-
CTH U IUPKYJISIMOHHBIX IIPOIIECCOB HA TEPMUUYECKHUN PEXKUM 3-X €CTECTBEHHO-CHHONITHUECKUX CEKTOPOB yMe-
penHoi 30Hb6I CeBEPHOTO MOyIIApHsl PACCIUTHIBAIUCH PA3HOCTH OCPEAHEHHBIX TEMIIEPATyp ITUX CEKTOPOB U
Bcelt ymepennoit 30051 CI1. PacueTs! Benuch B citoe aTMOoC(epsl OT YPOBHS 3eMITH /10 64 KM BBICOTHI TS KaXK-
JI0r0 Mecsia. AHaIN3 MOTy4YEHHbBIX BBICOTHO-BPEMEHHBIX pa3pe3oB MoKasai, 4To B I cexTope B Tpomocdepe,
Temneparypa Ha 3°C Bblme, 9eM Bcell yMepeHHOM 30HEL, B cioe 10-35 kM 3uMoi, Ha000POT, MPONUCXOANT ee
3aMeTHOe noHmkenune (Ha 4,5°C), B 0oee BBICOKHX CIIOSX aTMOC(HEphl IPOUCXOINUT MOBBIIICHNE TEMITEPATYPHI
(~ Ha 3,5°C) oTHOCHTENHHO 30HEL. BO BTOPOM cekTope HaOIromaeTcs MPOTUBOIIONIOKHAS KapTHHA: 3UMOM B
Tpomocdepe Temmeparypa Bo3ayxa Ha 4°C HuKe, yeM B 30HE, B cioe 10-40 kM HabiromaeTcs MHTCHCHBHAS
anomainus temneparypsl (+6,5°C), ¢ BeicoTs! 40 KM B BepXHEH cTparocdepe 1 HIKHEH Me3ochepe BHOBb TeM-
neparypa MoHIKaeTcsl. B TpeTbeM cekTope aHOMaINU TeMIIepaTypbl MEHEE HHTEHCHBHBI: 3UMOI1 B ci1oe 3eM-
1520 KM Teriee, 9eM B 30He, B ci1oe 25-55 kM Temmeparypa 3HaduTenpHoil Hivke (Ha 4°C) u B HIDKHEH Me30c-
¢epe, xax u B Tponocepe, OHa BHOBH MOBHIIIACTCS OTHOCHTEIBHO BCel YMEpeHHO 30HbL. B neTHmit nepnos
MIPOIIECCHI HE CTONb BBIPAKEHBI. TaknM 00pa3oM, BBISIBISIETCS] YEPEIOBAHHIE MOJIOKUTEIBHBIX W OTPHLIATEIb-
HBIX OTKJIOHCHHH TeMIepaTypbl BO3AyXa 110 BEPTUKAIN, 0COOCHHO SPKO BBIPAKEHHBIX B A3HaTCKO-THX0O0Ke-
aHCKOM cexrope (puc. 1).

Maxcumansablie 3HadeHnss MJIO B ymMepeHHOH 30He oTMedaroTcs B cioe 31-34 kM B Hione-aBrycTe, TAe
5Ta BenmuuuHa gocturaet 13-10°, B sumuuii nepuon (exabpb-(penpans) nopsaka 12-10°. Pesynsrarsl ananusa
MTOKA3BIBAIOT, YTO BO BTOPOM CEKTOpE B ciioe 15-35 KM B XOIOTHBIH ITepHo/ HAOIIOMAIOTCSI HAaHOOJIBINE ITOJIO0-
KuTebHbIE oTKIoHeHus 0,4+ 10" B coepskKaHuK 030HAa OTHOCUTENBHO Beel 30Hb1. KonTpacTsl HanGoee Bemu-
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1
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Temnepatypa Bo3ayxa, °C MaccoBas gons o3oHa, 10°

Puc. 1. PasHocTi TeMnepaTypbl BO3AyXa 1 MaccoBow [40AW 030Ha 0CPeHEHHBIX N0 TeppuTopum Asmnatcko-TUxooKeaHCKOro
ceKTopa ymepeHHoM 30HbI CI1 1 no Bcer yMepeHHOM 30He.

KU B HOsIOpe-siHBape, B mrone-aBrycre anomamus MJ1O orpunatensHas. B I cexrope, Ha000pOT, Ha ITHX BBICO-
Tax OTMEYAeTCsl OTPHUIATEIbHAs AHOMAJIHS MacCOBOM nomm o30HA. [lo-BuauMoMy, cymiecTByeT GpU3nIecKuit
MEXaHU3M, CIIOCOOCTBYIOIINH CO3JaHNIO TIOTEIUICHNS 1 TTOBBIMICHNS KOHIIEHTPALNH 030Ha B A3HaTCKOM CEK-
TOpE.

J11s1 OLICHKH CTETCHN B3aUMOCBSI3aHHOCTH COCEHNX N300apHUeCcKUX MOBEPXHOCTEH B yMEPEHHOH 30HE
PacCUUTHIBAINCH KOAP(UIIMEHTHI KOPPEISIIUN MEX Ty TeMIepaTypaMy BO3/yXa Ul rofia B [eJIOM, sTHBaps 1
utons. B Tpriocdepe cBsi3u Mexxay ypOBHSIMH TECHbIE, OHH 3aMETHO OCIIa0eBAIOT MPH MEPEXOJIE Yepe3 TPOIo-
may3y ocoOCHHO B JIeTHHI niepuox (B mrone Mexay ypoasimu 200 u 150 rlla » = 0,615). 1 eciu B stHBape B
cTparocepe n mMe3ochepe MEKYpPOBEHHBIC KOPPEIALMOHHbBIE CBA3M TAaKKe TECHBIC, TO B MIOJIE B BEpXHEH
cTpatochepe u HIKHEH Me3ocdepe oTMeUaeTcs psf ciiydaeB, Korna Kod(GHUIIMEHTH KOPPEISIIAA HEBEITUKH.
Tak, k03¢ HUIHEHT KOPPEIAIIH TeMIepaTypsl Mexkay ypoBHsaMH 7 U 5 Tlla cocrasmser 0,097, T.e. He3HAYNM.
B 3umMHMit nepuox 6raronapsi akTHBHOMY AMHAMUYECKOMY B3aMMOJEHCTBHIO aTMocdepa Oosiee o1HOpOIHAS,
YeM JIETOM, KOI/Ia Ha MePeTHAHN TTaH BBICTYNAIOT PAJHAlOHHBIE U (POTOXMMHUUYECKHE (PAKTOPBI.

Paccunrannble K03()GUINEHTH BEPTUKAIBLHOI aBTOKOPPEISAIMN TEMIIEPATyPhI TS STHBAPS M UIOJS MTOKa-
3BIBAIOT CIICAYIONIEE: B THBApE 3HAUCHHS KOA(PHUIIEHTA KOPPEISAIHH (7') OBICTPO YMEHBINAIOTCS B Tporocde-
pe, TIpH Iepexozie Yepe3 TPOIonay3y MPOMCXOANT CMEHA 3HaKa 7, HO B IIEJIOM CBSI3U MEKAY TPOTIOC(EPHBIMU U
cTpaToc(epHBIMH YPOBHSAMH JOCTAaTOYHO crabbie. Benmnumaa r mersercs ot -0,2 mo 0,2. Cutyanms B KopHE
MeHseTcs IeToM. B Tpornocdepe Mexty ypoBHIME CBsI3H BhIcOKHE. KoadduumeHT r yMeHbIIaeTes K Tpororna-
y3e ot 1 10 0,8, 3aTem ¢ BBICOTON MpH MEPEXOe Yepe3 TPOIIoIay3y BEIHMINHA PE3KO YMEHBIIACTCS M MEHSIET
3HaK. KoppemsinnonHas cBa3b Tporocdeps! u cTparocepbl IMEeT BOITHOBOH XapaKTep B 3aBUCHMOCTH OT BBI-
cotsl. Bernensercs yposens 20 kwm, tae » = -0,6, ypoBeHs 33 kM, tre r=0,4, ypoBerb 37 kM (r = -0,5), ypoBeHb
50 xm (7 = 0,6). Eciti paccmarpuBaTh CBsI3H B cTparocdepe (HIKHEH 1 BepXHeil), To 3/ech B ssHBape Kodhhu-
IIMEHTHI KOPPEISINN TUIABHO YMEHBINAIOTCS M Ha ypoBHE 40 KM MEHSIOT 3HAK Ha OTPUIATENHHBIA. B mromne
CBSI3H C BBICOTOH 0C1abeBaroT, HO B OCHOBHOM 7 > (. ComIacHO JaHHBIM PHUC 1. TPOMCXOANT CMEHA TETIIBIX U
XOJIONHBIX ci10eB arMocdepbl. KoapuitmenTs! Koppensiuy, pacCanTaHHbIe TS THBAPSI, MOATBEPXKIAIOT 3TO.
Tak, cMeHa 3HaKa r Ha ypoBHE 40 KM CBHJICTEIBCTBYET O TOM, YTO TPOIIECCHI, CITIOCOOCTBYIOIINE HATPEBAHHIO
cTparocdepsl, MOTYT IPUBOIUTH K BBIXOJTAXHUBAHHIO Me30c(epbl. BonmHooOpa3HbIil XapakTep BETHINHEI I' CBS-
3aH C BOTHOOOPA3HBIM XapaKTepOM HEKOTOPBIX MPOILECCOB MEPEAaull BO3MYIIEHHH 13 HIDKHUX CIIOEB B BEpX-
uue. Tak, B paboTe [3] oTMedeH BOTHOOOPA3HBIN XapaKTep BEPTUKAIHHBIX OTKIOHEHUH TEMITepaTypsl OT Cpefi-
HETo cocTosHUS. B pabote [2] paccMoTpeHa BOTHOBas akKTHBHOCTH B TPOIO- cTpaTochepe CeBepHOTro momy-
mrapus 3uMoit B 1979 — 2016 tT. 3meck npeacTaBiIeHbl Pe3yabTaThl BBIABICHHBIX CTATHCTUIECKIX B3aUMOCBSI-
3ell KOMITOHEHT CIIeKTpa XasIH [5] BBIISIIEHHBIX BOJIH, pactpocTpanstonuxcs Ha BOocTok (E), na 3amag (W) u
CTaIMOHAPHBIX (S) ¢ MHIEKCaMH N3MEHYMBOCTH KITMATA.
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Puc. 2. BbiCOTHO-LLMPOTHOE pacnpeeneHne Koppenaumin HTerpanbHbix cnektpo W u E ¢ ngexkcamm QB0O-50 1 AO 3a
1979-2016r.

Ha puc. 2 npeacrapieHbl BBICOTHO-IUPOTHBIE pacipenenenus koppesiuit W u E KoMIoHeHT ¢ nHaekca-
mu AO (apkrmueckas ocumwuranms) 1 QBO-50 (mHnexc 3oHanpHOTO BeTpa Ha 50 rlla). [{ns xoppensmun ¢
KBa3HIBYXJICTHEW ITHMKIMIHOCTHIO, TIpeAcTaBiIeHHoW uHIekcom QBO-50, BrigenseTcs o4ar BHICOKHX 3HAYH-
MBIX TOJIOKHUTENIBHBIX CBA3EH B CpeiHel arMoc(epe BHETPOIMUECKUX LMIMPOT AJISL BCEX TUIOB BOMH. CBA3M
BbIIIE 1715 BONH THa E. Beiensercs oOmpHas 001acTh 3HAUMMBIX OTPHLIATENBHBIX CBSI3€H B BEpXHEH cTpa-
Toc(hepe BHETPOITMUECKUX MMPOT It BOH W. OTpUIaTeIbHBIA XapaKkTep CBA3M COIIACYeTCs C M3BECTHBIM
(axToM [3] 0 TOM, 9TO CHIIBHBIE CTPATOC(HEPHBIC ITOTEIUICHHUS (BO3MYIIEHU MO TEMITEPATyPhI) Yallle IPOUC-
XOJISIT TP BOCTOYHOH (ha3e KBa3HIBYXJIETHETO UK.

BBICOTHO-IIIMPOTHBIE PAaCIpeeNICHNsT KOPPEIALUHA BOJTHOBBIX KOMIIOHEHT ¢ HHAEKcOM AO CyIeCTBEHHO
pasmmgarotes st BorH W 1 E. HanbGorree TecHbIe TOTOKUTENBHBIE CBA3M OTMEYatoTCs 11t BONH E ¢ mHIekcom
AO B Tponocdepe yMEepeHHBIX MIUPOT U OONBIIEH YacTH cTpaToc(epbl BHETPOINIECKUX IIMPOT C MAKCHMAaJIb-
HbIMHA 3Ha9eHUsIMH (0,7-0,8) Ha 55-60° c.1m1. B HIKHEH cTpaTtocdepe. PactpeneneHus koppensuii 11 BoaH W
MMEIOT, B U3BECTHON CTETEeHU, OOPaTHBIN XapakTep: oTpuarenbabie koppersn (-0,7-0,8) B Tpomocdepe k
cesepy ot 60° c.m. u monoxwurenbHEIe (0,7-0,8) B Tpomochepe HU3KUX MHUPOT.

Paboma evinonnena npu noooepocxe PODH (epanm 18-05-00721).
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air pressure and surface air temperature in the northern hemisphere mid-latitudes / Russian Meteo-
rology and Hidrology. — 2017. — Vol. 42. —Iss. 7. — pp. 461-470.
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SESSION 2

IMMUPUKO-CTaTUCTMYECKAA MOesTb KITMMaTUYECKUX
n3MeHeHn B [pnBOMIKCKOM pefepanbHOM OKpyre

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

KasaHckuii (MpuBomckuii) gepnepanbHbii yauepeutet, Poceus
E-mail: ypereved@kpfu.ru

Haoronennit (u3 porga BHUUTMU-MILJ]) va 183 crannumsx, a taxxe peananusbl NCEP/NCAR,

ERA-Interim. Bria BeImoHeHa paboTa Mo cpaBHEHUIO JaHHBIX peaHann3a ERA-Interim o remmnepa-
Type Bo3yXa ¢ AaHHbIMH MeTeoceTH. KoadhuimeHTs Koppessiun r oka3ainch oueHb BhICOKuMH (1>0,9), uto
MTO3BOJISIET MCTIONB30BATh JAHHbBIE peaHa n3a B KIMMaTHYECKUX UccienoBanusax. ComocTaBieHNe peaHaIn30B
ERA-Interim 1 NCEP/NCAR 3a 1979-2017 rr. (paccuuThiBaiuch KO3(GGHUIMEHTH KOPPEISAIUU U Pa3HOCTH
CpeIHEMEeCSYHBIX TeMIepaTyp) TakXKe MPUBENI0 K XOPOIINM pe3ynbTartaM. 1109ToMy ¢ HCIoap30BaHNEeM JdaH-
Heix NCEP/NCAR 3a 1979-2016 IT. ¢ mpocTpaHCTBEHHBIM pa3penicaueM 1,8 X 1,8° ObLIH MOCTPOCHBI pacipe-
JICJICHUSI CPEIHEeN TeMIIepaTypsl BO3ayxa 1 KodpPpuineHToB HakI0Ha tnHeitHoro Tpenaa (KHJIT) Ha teppuro-
puu [1IOO m1st eHTpaTbHBIX 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, @ HAYMHAS C
yposHs 200 rlla, KHJIT oTpunaTensHbl ¥ 3Ta TEHACHIINS COXPAHAETCs U B HIDKHEH cTpatocdepe (o 10 rlla).
Tak, B stuBape Ha ypoHe 10 rIla KHJIT mensitores B npenenax -0,15 -0,75 °C/10 ner.

Bruto mpoBeneHo uccae[0BaHue Mo OIIEHKE KauecTBa MOJICIMPOBAHNS PEabHBIX H3MEHEHUS TeMIepary-
psl B okpyre ¢ 1861 mo 2005 rr. ¢ moMompio 7 0OTOOpAaHHBIX KIMMAaTHYECKUX Mojeneit u3 mpoekra CMIPS
(Bcero paccMatpuBanoch 39 mozeneit). AHaIU3 pe3ynbTaToB MOKa3aj, YTO B TEIJIOE BpeMs To/la MOJIENN JTy4-
II1€ BOCTIPOM3BOJIAT X0/ TEMIIEPATypPhI, YeM B XOJIOTHBIN. 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) nosry4eHbI 10CTaTOuHO pe-
aTMCTHUYECKHE TPEHIBI TeMITepaTypbl Bo3ayxa ais 4-x nepuonos 1896-2005 rr. u onenens 3Hauenns KHIIT
(°C/10 neT) mtst KaXk10r0 Mecsiia rofa npu pasnndsbix crueHapusx RCP 2,6; RCP 4,5 u RCP 8,5. Tpencrasien
pacyeT pacrpe/esieHus] CpeTHEMECSYHBIX 3HAYCHNH TeMITepaTypbl BO3yXa B ssHBape U uione B mepuox 2005-
2098 rT. pu pa3NTUYHBIX CIIEHApHSIX. B sHBape 1o «okecTkoMy» cueHapuio RCP 8,5 cpennemecsiunast Temmepa-
Typa MOXeT MoBeIcuThCs Ha 8°C, a B utosie Ha 6°C.

PaccunThIBanuCch cpeiHue 3HAYCHUS Ha KaXKIOM YPOBHE IO CE30HaM U B IIEJIOM 3a TO, CPEeIHHNE KBajpa-
tnaeckue otkiaoHeHns (CKO), nuHelHbIe TpeHbl, KO3 GHUITMEHTH KOPPETAIIH MEXY YPOBHIMH U TI0 TOPH-
30HTAJIM CO 3HAYCHUSMHU TEMIIEpaTypbl YMEPEHHOW 30HBI M MEPBOTO €CTECTBEHHO-CHHONTHYECKOTO paioHa.
JlaHa orieHka cBsi3el MeXIy U3MEHEHUSIMH TeMIIepaTyphl BO3AyXa M HHJIEKCAaMH APKTHYECKON OCHMIIISAIINN
(AO), c nenpio BBIIETICHUS KoNebaHui ¢ mepuoaom 6omee 10 et BpeMeHHBIE Psiibl Ha PA3THYHBIX YPOBHAX
MO/IBEPTraliiCh HU3KOYACTOTHOU (uibTpanuu ¢puisTpoM [ToTTepa, BEIYUCISUTHCH KOAPQUIIMEHTDI IeTepMIHa-
MY JIMHEHHOTO TPeH Ia U HU3Ko9acTOTHON kommoHeHTh (HUK).

l l PH M3YY9EeHUH KIMMATHYECKHX MporieccoB Ha Tepputopun [1OO HamMu HCTONB3YIOTCS TaHHBIE METEO-

Empirical-statistical model of climatic changes
in the Volga Federal District

Perevedentsev Y.P., Shantalinskiy K.M., Nikolaev A.A., Aukhadeev T.R.

Kazan federal university, Russia
E-mail: ypereved@kpfu.ru

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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Operative Scheme of the Short-Range Complex Weather
Forecasting and Its Applications
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tial equations and boundary conditions. The computational technology for weather forecasting in-
cludes a finite-difference approximation as well as a parameterization of some physical processes (e.g.
phase transformations of water, interaction with soil and ocean, and chemical reactions). Errors of such compu-
tational technologies increase with lead-time. We develop a computational technology, which uses results of
several (up to 6) hydrodynamic forecasting schemes and forms a new weather forecast. Our new weather fore-
cast include forecast air temperature, mean wind speed and direction, maximal wind speed, quantity of precipi-
tation, dew point temperature and atmospheric pressure with better (respect to original schemes) accuracy.
There are various kinds of human activity, which are connected with weather, and if we want to optimize
our logistics, we should take into account weather forecasting with maximal precision. For instance, we use our
weather forecast to predict hourly power consumption in regions of Russian Federation. Prediction of con-
sumption may influence tactics of both - consumers and producers of electricity and the strategy of the electric-
ity power market regulator. We evaluate parameters of our algorithm according to information from archives,
which describes power consumption and actual and forecast air temperature. Average MAPE error obtained in
our forecast (if lead-time =1 day) for the regions is 3.2% while for prediction without using weather it is equal
to 3.7%. The impact of our weather forecast into the error decreasing is equivalent to the reduction of the fore-
cast lead-time of 1 day.
The load on the work of the service "Ambulance" in a megapolis also depends on the weather. And accu-
rate meteorological forecast for a few days makes it possible to significantly clarify the forecast of this load.
We will deliver the estimations of our forecasts’ errors.

D ynamics of Earth atmosphere can be described by sophisticated non-linear systems of partial differen-

Ph.L. Bykov and V.A. Gordin were supported within the framework of the Academic Fund Program at the
National Research University Higher School of Economics (HSE) in 2018- 2019 (grant Ne 18-05-0011)
and by the Russian Academic Excellence Project "5-100".
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MpOrHo3a norofbl 1 ee NPUIoHKEeHNA

““lopauH B.A., “Barpos A.H., ’Bbikos @.J1.

" HaumoHanbHbIii MCCNieA0BaTeNbCKMIA YHUBEPCHTET «BbiCLUasn WKoNa 3KOHOMUKU»
?Tuppometuentp Poccum, Mocksa, Poccus
E-mail: bagrov@mecom.ru, bphilipp@inbox.ru, vagordin@mail.ru

NHaMHKa aTMOC(bepBI 3eMIIH OIHUCHIBAETCS CIIOKHBIMHA HEJIMHEHHBIMU CHCTEMaMU ypaBHeHHﬁ B 4HacT-
HBIX MMPOU3BOIHBIX U I'PAHUYHBIX yCJ'IOBPIfI. BrruncnaurenbHas TEXHOIOTHS IIPOTrHO3a MOoroAabl BKIOYa-
€T KOHEYHO-Pa3HOCTHYIO allpOKCUMAIINIO, a TAKKe MapaMeTpU3aluio psa GU3NUECKUX MPOLIECCOB
HarpuMep, (a3oBbIX MEPEXOJI0B BIIaru, TypOyIEHTHOCTH, B3aUMOJICHCTBHSI aTMOC(Epbl 1 OKeaHa U XMMHUYe-
CKHUX peakiuii). OMmUOKN TaKUX pacueToB BO3PACTAIOT C 3a01arOBPEMEHHOCTBIO MPOrHO30B. MBI pazpaboTainu
BBIYHCIIUTCIIBHYIO TEXHOJIOTUIO, KOTOpasaA MPUHUMACT Ha BXOAE PE3YIbTaThl HCCKOJIBKUX (210 6) TuaApOoAUHaAMHU-
YEeCKUX MPOTHOCTHYECKUX CXeM M (POPMUPYET Ha BBIXOJIE HOBBIHM MPOTHO3 TOTro/I6I. Harr HOBBIN MPOTHO3 1OT0-
JIBI BKJIIOYAET MTPOTHO3 MIPU3EMHON TeMIepaTyphl BO3AyXa (B TOM YHCIIe, SKCTPEMAIIBHO ), CKOPOCTb U HAITPaB-
JICHHE CPEIHEro BeTpa, CKOPOCTh MOPHIBOB BETpa (ITO SIBICHHE PEKOE, HO OTHOCHUTCS K OMACHBIM U 0C000
OITIaCHBIM HBJ’ICHI/IHM), KOJIMYCCTBO OCAZKOB, TEMIIEPATYPY TOYKU POCHI. HpI/IMeHeHI/Ie CTaTUCTHYCCKUX BBIYH-
CJIMTCIIBHBIX IMTPUEMOB IMO3BOJIACT 3aMETHO MMOBBICUTH TOYHOCTH IO CPAaBHEHHUIO C MCXOJAHBIMH IPOTHOCTHUYC-
CKHMMH CXEMaMHU.
Pe3ynbrars! BeikIaabiBatoTCs Ha calT ['uppomerientpa Poccun:
http://method.meteorf.ru/ansambl/ansambl.html nBax e B cytku (B 8.30 1 20.30 Mck). Ha 31014 %€ cTpanu-
1€ MPOBOAUTCA CPAaBHEHUE YCIICITHOCTHU HAIIUX IMPOTHO30B C HaI/I6OHee TMONMYJIAPHBIMH METCOPOJIOTMYECKUMU
caiTamu.
[Tpumep Takoro CpaBHEHHS 10 SKCTPEMAIBLHON TEMITEpaType BO3AyXa 3a MapT MECSI] TOKa3aH HIDKE.

CpaBHMTeNnbHas oLeHKa NPOrHo3oB TeMnepaTypbl BOo3gyxa,
onybnuKoBaHHbIX Ha pasnuuHbix MHTEPHET-canTax
no Eeponenckon Tepputopuun Poccuun (11 ropogos): ApxaHrenbck,
Bonrorpag, KanmHuHrpaa, Mockea, MypmaHck, H.HoBropog,
PocroB-Ha-[oHy, Camapa, CaHkT-TleTtepOypr, Cumcpeponons, Ctaepononb™.
Mepwopn ocpeaHenmnn: 01.03.2018 - 31.03.2018

YcnewHocTe NporHo3sa TeMmnepaTtypbl (Ho4b)

f dn i d 0

1cyr 2 cyt 3cyr 4 cyT 5 cyT 6 cyr
3abnaroBpeMeHHOCTb, CYTKH

- M W A 0 o5

AbconwTHan owmbka, rpaa. C

YcnewHoCcTb NpOrHo3a remneparypbl (0eHb)

i e i i 0

1cyr 2cyr Jcyr 4 cyt 5cyT 6 cyT
3abnaroBpemMeHHOCThb, CYTKM

ABconioTHan owmbka, rpaa. C

B meteoinfo.ru B gismeteo.ru

O yandex.ru B meteovestiru(Fobos)
B m5.ru B intellicast.com

O method meteorf.ru(Komanexc.)
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SESSION 2

C norozioif cBsi3aHbI caMble Pa3HbIE BUJIBI YEIOBEUECKON AKTUBHOCTH, M €CIIH ONTUMHU3HPOBATH UX JIOTHU-
CTHKY, TIOJIE3HO YUUTHIBATH MAKCUMAIBHO TOUHBIH METEOPOJIOTHYECKHUH TPOrHo3. Hanpumep, MOKHO HCTIOINB-
30BaTh Halll TPOTHO3 ITOTO/IbI, YTOOBI MMPEICKA3bIBATH T0YACOBOE MOTPEOICHUE IEKTPOIHEPTUH 110 PA3ITNIHBIM
cyowsektam Poccuiickoit @enepammn. UTHTEHCHBHOCTE MOTPeOIeHUS BIMACT HA LieHy dHeprun. OnepaTHBHOE
MIPe/IBUICHHE MTOTPEOICHHSI MOXKET OKa3bIBaTh BIMSHHUE U Ha MOTPEOUTENEH SHEPTUH, U HAa TIPOU3BOANTEICH.
MBI OIleHMBAIM Ka4eCTBO HAIETO alTrOpPHUTMa IO apXHBaM MOYacoBOTo morpedneHus B 63 cyobekrax. [loka
UCTIONB30BaAJIaCh TOJBKO Temreparypa Boszayxa. Cpenusis omubdka «MAPE» momydaercs 3.2% mnpu Hamem
MIPOTHO3€E C 3a0JIaTOBPEMEHHOCTHIO | CYTKH, B TO BpeMs Kak 0e3 ydeTa MOTOAHOTO (paKTopa OHa COCTABISACT
3.7%. Bknaj Hamero mporHosa morojisl B yMeHblenue ommokun « MAPE» npuMepHO 9KBHBaJICHTEH YMEHb-
IICHUIO 3a0TarOBPEeMEHHOCTH Ha | CYTKH.

Pabouast Harpy3ska ciryx0b1 «CKopast TOMOIIb» B METAIIOIICE TAKXKE 3aBUCHUT OT MOrobl. M TouHBIi MeTe-
OPOJIOTHUECKHUH ITPOrHO3 MO3BOJISIET 3HAUUTENBHO YIyUIINTh IPOTHO3 TAKOH HArPY3KH.

MBI ITpeACTaBUM OIIEHKH OLUTMOOK HAIINX Pa3JIMYHBIX IIPOTHO30B.

@.JI. bvixos u B.A. I'opoun ovLau noddepaicansvl 8 xooe nposedenus ucciedosanuss (Ne 18-05-0011) 6
pamkax [Ipoepammer « Hayunviii pond Hayuonanvrozo ucciedosamensckozo ynugepcumema ,, Boicuias
wixona sxonomuxu “ (HUY BIID)» ¢ 2018 — 2019 22. u 8 pamxax 2ocyoapcmeenHou no00epiicKi
sedyuux ynusepcumemog Poccutickou @edepayuu «5-100».

Jlumepamypa:

1.  A.H. baepos, @.JI. bvixos, B.A. ['opoun. KomniekcHolil NpOSHO3 NPUZEMHBIX MEMEOPOLOSULECKUX
senuuun. Memeoponoeus u cuoponozus. 2014, Ne5, cmp. 5-16.

2. A.H. baepos, @. JI. Bvikos, B. A. I'opoun. Cxema onepamusHo2o KpamrxocpouHo20 KOMNIEKCHO20
npoenosza sempa. B nevamu. Memeoponozus u ecuoponoeus. 2018, Ne7

3. A.H. Baepos, @. JI. bvixos, B. A. [opoun. Cxema onepamusHo2o KpamrkocpouyHo20 KOMNIEKCHO20
NPOSHO3A NPUZEMHOU MEMNEPAMYPbL U GAANCHOCIU 8030yXad. B newamu. Memeoponoaust u
euoponozcus. 2018, Ne 8.

4. Ph.L. Bykov, V.A. Gordin. Forecasting Moscow Ambulance Trips. Preprint NRU - HSE, WP BRP 36/
STI/2015, 2015. http://www.hse.ru/data/2015/04/01/1096702808/36STI2015.pdf

5. B.A. ITopoun, E.A. Caxaposa (2016). [Honecoepemennoe érusnue nemueil scapwvt 2010 2o0a 6 Mockee
Ha 300poebe nacenenus. Ilpoguraxmuueckas u kaunuyeckas meouyuna, Ne 2 (59), cmp. 14-20.

6. bBuvikos @. JI, [opoun B. A. Kpamkxocpounwiii npoeto3 4aco8o2o nompeoienusi d1eKmposHepeull ¢
yuemom no2oowl 0s cyovexmos P®. Uzsecmusi PAH. Duepeemuxa. Ne5, cmp.47-56, 2017.

7. Ph.L. Bykov, V.A. Gordin. Calls Forecast for the Moscow Ambulance Service. The Impact of Weather
Forecast. Numerical Algebra with Applications. - Proceedings of Fourth China-Russia Conference.
Rostov-on-Don: Southern Federal University Publishing, 2015, pp. 17 -20.

Estimation of the possible climate change impact
on the methane hydrate state in the Arctic Ocean

'Malakhova V.V., "“Golubeva E.N., *Eliseev A.V., *Platov G.A.

" Institute of Computational Mathematics and Mathematical Geophysics of SB RAS, Novosibirsk, Russia
? Novosibirsk State University, Novosibirsk, Russia

’ Lomonosov Moscow State University, Russia

“ A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

E-mail: malax@sscc.ru

cage of water molecules. Methane hydrates are stable under sufficiently high pressures and low tem-

perature conditions. The shallow deposits of the Arctic Regions can rapidly dissociate and release
large quantities of methane. Warming of the ocean bottom water can lead to destabilization of marine hydrate
deposits and release methane stored in them. Methane that migrates to the seafloor after dissociation may be
released into the water and efficiently oxidized to CO, within the ocean thus resulting in the increased ocean
acidification. At shallow water depths methane can be released into the atmosphere.

The objective of the present study is to analyze the interactions between the methane hydrates stability
zone and the ocean temperature variations and to define the hydrate sensitivity to the possible warming in the
Arctic Ocean in the 21-st century. To obtain the spatial-temporary variability of the ocean bottom temperature
we employ the ICMMG regional Arctic-North Atlantic Ocean model that has been developed in the Institute of

Methane hydrates are crystalline compounds of methane and water in which methane is trapped in a


http://www.hse.ru/data/2015/04/01/1096702808/36STI2015.pdf
mailto:malax%40sscc.ru?subject=

Computational Mathematics and Mathematical Geophysics. This study is based on the combination of the joint
ocean-ice model; a one-dimensional thermal diffusion sediment model and the methane hydrate stability zone
simulation. For the atmosphere forcing, the CMIP5 climate models output, simulated under the scenario
RCP8.5 (from 2006-2100), was used. The scenario RCP8.5 was used since it predicted the strongest warming
by the end of the 21-st century.

Using the ice-ocean model results we analyzed the Arctic bottom water temperatures. One of the reasons
of an increase of the bottom temperature is the atmosphere warming and spreading of the heat from the sea
surface to the bottom. This process is most pronounced for the Laptev and the East Siberian seas. The next and
very important heat source is the Atlantic Water inflow, which enters the Arctic Basin as a series of warm im-
pulses through the Fram Strait and the Barents Sea. The simulation results show the essential warming of the
bottom water of the Barents Sea. The resulting warming ocean bottom water is spatially inhomogeneous, with
a strong impact by the Atlantic inflow on shallow regions of 250-500 m depth.

Results of the mathematical modeling of the dynamics of methane hydrate stability zone in the Arctic
Ocean sediment are reported. We found that the reduction of the methane hydrate stability zone occurs in the
Arctic Ocean between 250 and 500 m water depths within the upper 100 m of sediment in the Atlantic inflow
area. We have identified the areas of the Arctic Ocean where an increase in methane release is probable to oc-
cur. Our study suggests that even under strong global warming (RCP 8.5) projections, Arctic Ocean gas hydrate
dissociation may have a negligible impact on the global climate within 21-st century.

OueHKa BNMAHNA BO3MOMHbIX U3MEHEHUMN KNUMaTa
Ha COCTOoAHUE C\/6aHBaJ'IbeIX ra30BbIX r’MAOpaToB B ApI-(Tl/II-(e

'Manaxosa B.B., "“lony6esa E.H., *‘Enucees A.B., “lnatos I'A.

! WHCTUTYT BblYMCNMTENBHOW MaTeMaTUKKU U MaTeMaTUyecKoii reo¢pmsuku CO PAH, HoBocubupck, Poccua
? HoBocu6MpCKMiA HaLMOHaNbHbII UCCTie0BaTeNbCKMiA yHuBepeuTet, Hosocubupck, Poccua

* MoCKOBCKMIA rocyiapcTBeHHbIN YHUBEpcuTeT MMeHn M.B. JloMoHocoBa, Mocksa, Poccus

* MncTuTyT duamkm atmocdepsl uM. A.M. 06yxosa PAH, Mocksa, Poccus

E-mail: malax@sscc.ru

OCIIE/THUE IECATIIICTHS XapaKTepU3yIOTCs 3HAUNTEILHBIMI H3MEHEHISIMU KITUMaTa, Hanboee BeIpa-

JKeHHBIMH B MOJISIPHBIX mupoTax CeBepHoro nonymapus. Cpean HUX - CTAaTUCTHYECKU 3HAYUMBIN 110~

JIOYKUTENbHBIN THHEHHBIA TPEH]T CPETHETOIOBOM TeMIiepaTypsl Bo3ayxa B 19362007 TT., 3HaYUTEIb-
HOE TIOBBIIIEHHE TeMITepaTypbl moctynatonux B CeBepHsiif JlenoBuTtsril okean (CJIO) ryOHMHHBIX aTIaHTHYE-
CKUX BOJIHBIX Macc, erpaaamys MoIBOJHOI Mep3IIOTHI U pa3pyIieHe OeperoB apkTuaeckux mopei. [Ipomucxo-
JsIIee MOTeIUIeHHE KITMMAaTa MOYKET MTPUBECTH K HApyIICHUIO TePMOOapUIeCKO yCTOWIMBOCTH Ta30THAPATOB
MeTaHa B JOHHBIX oTAoKeHIsIX CJIO u nanpHeNIIeMy X pa3pylIeHHIO C TOTIOJIHUTEIFHON IMUCCHEH MeTaHa B
TIPUIOHHBIN CIIOM OkeaHa U B aTMocdepy. JlaHHBIe H3MEpEHUH MOKa3bIBAIOT YCHIICHHE SMUCCUN METaHa B aT-
Mochepy ApkTHKH [1, 2], 9T0 MOXKET IPOUCXOIUTD B PE3yIbTaTe BHICBOOOXKICHHS Ta3a U3 CyOaKBaJIbHBIX ra30-
BBIX THpatoB [3]. Bo3pacratomuii nHTEpec K N3y4YeHUIO 3TOr0 KOMIIOHEHTa arMoc(epbl 00bsICHsIETCs Ooee
BBICOKOH paInaliioHHON aKTHBHOCTBIO METaHa M0 CPAaBHEHHUIO C YITICKUCIIBIM Ta30M.

Tepmobaprueckne ycIoBHs U 00pa30BaHUSA METAHTHUAPATOB UMEIOTCS Ha OOJBIIEH YacTH aKBaTOPHH
CJIO. 3ona crabunpHOCTH Ta30BBIX THApaToB (3CIT) HaunHaetcsa ¢ Mmopckux mryouH 250-300 M, 1 TIpH MTOBHI-
IIEHUHU TeMIIepaTypsl IPUIOHHOM BOABI HA ITHX ITyOMHAX METAHTHIPATH MOTYT OBITH MMOJBEPKEHBI pa3pyIie-
Huro. Ha MenIKoBOTHOM apKTH4ecKoM mienbde mpu rryoune Boabl MeHee 100 M cyriecTBOBaHHE ra3orujpar-
HBIX 3aJIeKel BO3MOYKHO TIPH HAJTMYUH B JOHHBIX OTJIOKESHUAX MHOTOJIETHEMEP3IbIX TIopox [4, 5]. ITo pesynb-
TaTaM MaTeMaTHYECKOTO MOJICTUPOBAHNS TUHAMUKH KPUOJIUTO30HBI P MPEATIONaraéMoM YCTOHYHNBOM ITOTE-
TUICHUHU 710 KOHITa 21 BeKa ra3oruaparhl MEIKOBOTHBIX MIETh(OB, CyNIECTBYIOMINE B YCIOBUAX MHOTOJICTHE-
MEp3JIbIX TOJMII, pearnpyroT Ha N3MEHEHUs TeMIIepaTypsl IPUIOHHON BOJBI OYEHb MEAJICHHO [5, 6]. Bpemen-
HOM MacmTad pacrpocTpaHeHHsI TEIUIOBOTO CUT'HAJIA B CJI0O€ MHOTOJIETHEMEP3IIBIX JOHHBIX OTIOKEHUN PaBeH
10-20 ToIC. 7eT [7].

[{emnbro TaHHOTO UCCIIENOBAHNUS ABIsIETCA aHaMN3 9yBCTBUTENbHOCTH 3CI'T JOHHBIX OTI0kKEHUH TITyOOKO-
BoaHbIX obOmactel CJIO k M3MEHEHHIM KJIIMMaTa JIo KoHIa 21 Beka mpu CIieHapyuu aHTPOTIOTEHHOTO BO3/IEHCT-
BHA Ha KIIMMaTHYECKYIO cucTeMy. [l uccineoBaHus BIUAHUSA H3MEHEHUH KIMMaTa Ha JIOBBIN IIOKPOB, TEp-
MoxanuHHYI0 cTpyKTypy CeBepHoro Jlenosuroro okeana (CJIO), 30Hy cTaOMIBHOCTH Ta30BBIX THIPATOB MBI
HCIOTB3yeM KOMIUIEKC B3aUMOICHCTRBYIOIINX YHCICHHBIX Mozienelt. KoMIuieke BKiTrouaeT: YMCIeHHYI0 peruo-
HanbHYI0 Moaens CeBepHoro JlemoBuroro okeana — Ceseproii Atnantuku (CJIO-CA), pazpaborannyio B VIB-
MuMI" CO PAH [8]; Mmoaens TepMOGU3NIESCKHUX MPOLIECCOB B JOHHBIX OTIOKEHISIX OKeaHa [6]; 610K 1o pac-
YeTy TepMOOAPHUECKHX YCIOBUH CYIIECTBOBAHHUS Ta30THIPaToB MeTaHa [9]. JIis pacueTa MoTOKOB Ha MOBEPX-
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SESSION 2

HOCTH OKE€aHa U MOPCKOTO JIbJIa MCIOJB30BANUCh JaHHble peaHann3a arMochepsl NCEP/NCAR [http:www.
esrl.noaa.govpsddatareanalysisreanalysis.shtml] nnst nepuoma 1948-2006 rr. U pe3ynbTaThl pacueTOB MOJEINEH
KJIMMAaTHYECKON CUCTEMBI, ydacTByrome B npoekte CMIP5 [10] npu cueHapuy aHTPOIIOT€HHOTO BO3JEHCT-
Bust RCP8.5 nst mepuoaa 2006-2100 rr.

[IpenBapuTenpHBIN aHATN3 apXUBOB MTaHHBIX Mojeneii CMIPS mokasai, 4To OHM MOTYT OBIThH TIO/ICICHEI
Ha HECKOJIBKO TPYTII, OTIMYAIOMINXCS MEX/y Co00I cocTosiHIEM KinMmara B Hadasie 21 Beka, a Takke HHTEH-
CUBHOCTEIO TOTEIUICHNSI B ApkTHueckoM pernone [11]. Kak cnencreue, st qanpHeinero anann3a ObUIN BbI-
6pansl mogenn INM-CM4, BCC-CSM-1.1, IPSL-CM5B-LR, MPI-ESM-LR, CNRM-CMS5, GFDL-CM3, ka-
JK7Aas U3 KOTOPBIX SIBJISETCS MPEACTABUTENBHON A OAHOM U3 TakuX rpynn. CocTosHUE OKeaHa U MOPCKOrO
JIb/1a, IOJyYEHHOE B pe3yabTaTe nepBoro 3tana unrerpuposanusa moaenu CJIO-CA B nepuon 1948 o 2006 rr
OBUIO MCTIONB30BAHO B KAUECTBE HAUYaJILHBIX TOJICH ISt IIPOBE/ICHMs pacdeToB 10 koHma 21 Beka. [Ipu npose-
JIEHUH CEPUU DKCIIEPUMEHTOB C CHCTEMOM MOJIENeN JIe1-OKeaH-TOHHbIE OTIIOKEHHUS 331aBalCh aHOMAIUH aT-
MocdepHoro Bo3aericTust as mepuoma 2006-2100 rr B Bume: YM(t)-YM(2006r.)+YR(2006r.), tme YM(t) —
XapaKTepUCTHUKa aTMOC(EPHOTO BO3ACHCTBHS, BBIYMCICHHAS 110 JaHHBIM Moxeneit CMIPS (t ykaspiBaeT Ha
MOMEHT BpeMeHH), YR - cooTBercTByromias rnepemMenHast, BeraucieHHas no nanasiM NCEP/NCAR. Taxkoit
croco0 3aaHusi aTMOC(EpHOTO BO3/ICHCTBUS Ha OKEAHWYECKYIO MOJENb 00ECIeUnBacT OTCYTCTBHE CKauka
TIPU TIEPEeXo/ie OT JAHHBIX peaHaan3a K JaHHbIM pacuéro ¢ MoaesiMu CMIPS. ITpu atom Beipaskenue Y M(t)-
YM(2006r.)+YR(2006r.) BEIMHUCIIAIOCH C yYETOM I'OJIOBOTO X0/[a aTMOC(HEPHBIX TepeMeHHbIX B 2006 T.

AHanu3 pe3ynbTaToB MPOBEACHHBIX YHCIEHHBIX YKCIEPUMEHTOB JIEMOHCTPUPYET 3HAUUTEIHHOE MOBBI-
HIEHUE TeMIEePaTypsl BO3AyXa B MOJISIPHBIX pallOHAaX, YTO MPUBOAUT K COKPAIIEHUIO U HCYE3HOBEHUIO MOPCKO-
ro spa CJIO B neTHHE MECSIIIBI M K TIOBBIIICHHUIO TeMIIEpaTyphbl BepxHero ciosi okeana. Ha mensde CJIO Te-
TUTOBOM CHTHAJI M3 MOBEPXHOCTHOTO CJIOSI TIOCTENEHHO MPOHMKAET B Oosiee TIyOOKHe ciom okeaHa. Kpome
TOTO, 0COOCHHOCTH arMOC(hEepHON TUHAMHKH, PA3JIMYHbIC JUISl PACCMaTPUBACMBIX KIMMAaTHYECKUX MOJICIICH,
OTIPEACISIOT 0COOEHHOCTH IUPKYISAINH OKeaHa B IPOBEICHHBIX HAMU YHCIICHHBIX SKCIIepUMeHTax. Pe3ynbra-
TBI HKCIIEPUMEHTOB ITOKa3bIBAIOT MOBBIIICHUE TEMIIEpaTypbl MpoMexyTodroro cios CJIO, obycrnosieHoe mo-
CTYIUICHHEM TEIUION aTIaHTHYeCKO BOJbI uepe3 nponuB Ppama n bapenneso mope. OcodeHHOCTH POCTpaH-
CTBEHHOTO PacIpeAeaeHUs TOCTYNAIOIIErO TEa ONPEAEIIIOTCS HHTEHCUBHOCTBIO IBYyX 9THX BETBEH.

a

Puc. 1. VI3MeHeHWe TeMnepaTypbl NpMAOHHOM Bofbl, ocpeaHEHHOM ana 1996-2005 rr. n 2091-2100 rr., nony4eHHoe B Yn-
CIEHHOM 3KcnepuMeHTe ¢ aTMochepHbIM BosgencTemeM no MofensM CNRM-CMS5 (a) n GFDL-CM3 (6).

[TomyueHHoe B pe3yibTaTax MOACIMPOBAHMS MOBBIIICHNE TEMIIEpaTyphl B IPUIOHHOM ciioe bapenresa u
Kapckoro mopeii, a Takke Ha MaTepUKOBOM CKJIIOHE IIPOMCXO/UT B SKCIIEPUMEHTAX C 3aJJaHUeM arMOC(EpHOro
BO3ICHCTBHS 110 BCEM KJIIMMATHYSCKUM MOJICIISIM, HO pa3HOil HHTeHCUBHOCTH (0T 2 10 6 rpaaycor). Hauboee
OTIIMYAIOTCS MEXKIYy cOOOW pe3y/bTarhl pacyéToB ¢ aTMOC(hepHbIM BozzeicTBueM 1o MozesiMm CNRM-CMS u
GFDL-CM3, pucynok 1. B skcriepumenrax ¢ popcuarom CNRM-CMS noBeiiieHHe TPUIOHHON TEMIIEpaTyphl B
LEHTPAILHOW 4acTH APKTHYECKOro OacceiiHa 3Ha4YMTENIbHO TPEBBIIACT MOTeIUIeHne B bapeHieBom Mope, 4To
CBUJICTEJIBCTBYET O O0JIee HHTEHCUBHON DPaMOBCKON BETBU aTIAHTHYECCKUX BOJI B 3TOM pacuete (puc.la). Ha-
MIPOTHUB, KCIIOIb30BaHUE aTMOC(HEPHOro Bo3aeicTBus Mo naHHbM Moaean GFDL-CM3 He BbISIBUIIO MTOBBILICHHUS
TEMIIePaTyphl BIOJIb CIICIOBAHHS aTIAHTHYECKIX BOAHBIX Macc uepe3 nponus @pama. OcHOBHAs Macca aTJIaHTH-
YeCKOi BOJIbI IOCTYIaeT B ApKTHKY uepe3 bapenueso mope (puc.10). MurepecHo ormeTuTh, 4to B MOpsix Cu-
OupcKoro menb(a He OTMeYaeTCs! OBBIIICHHUS TPUIOHHOM TeMIIepaTyphbl 3a UCKIIIOUEHHEeM pacuera ¢ arMocdep-
HbIM Bo3aekcTBreM o moaenu GFDL-CM3 (moremienue 10 4 rpaaycoB B Boctouno-Cubupckom Mope).


http:www.esrl.noaa.govpsddatareanalysisreanalysis.shtml
http:www.esrl.noaa.govpsddatareanalysisreanalysis.shtml

Ha ocHoBe ananm3a TepMOOApUIECKUX YCIOBUH HA M IOHHBIX OTIOKCHHH IIPOBEICH PacieT MOILIHOCTH
3CI'T merana B CJIO. Ilpu BeIYMCICHUN TPAHUI] OOTACTH TOHHBIX OCAIKOB C TEPMOOAPHUIESCKUMH YCIOBUSIMH,
TIOAXOASIIUMU AJIs1 00pa30BaHUsI THIPATOB METaHa, Hapsily TepMOOapHIECKUMH [TapaMeTPaMHt, UCIIOJIb30BAIIICH
TakKe JaHHbIC [12] 118 reoTepMHYEeCcKOro MTOTOKA M COOTHOIICHHUE [Tl YCTOHYMBOTO CYIIECTBOBAHNS METaHIH-
npara B cucteme «ruapar-sogay» [9]. Ilpu orenke mormuocti 3CI'T merana mist Beeit obmactu CJIO 6e3 ydera
TI0/IBOIHOM MEP3II0ThI Ha4aJIbHBIE TEMIIEPATyPHbIE MPO(MIIN B TOHHBIX OTAOKEHHAX JUT KaXK 0 TOYKH IIHPOT-
HO-JIOJITOTHOW BBIYMCIIUTENIFHOM CETKH TTOy4eHbI KaK CTAIlMOHAPHBIE PEIIeHNs ypaBHeHUs tuddysun Temna. B
KaueCTBE BEPXHETO IPAHUYHOTO YCIIOBHUS HCHOIB30BAINCH 3HAYCHHS MIPUIOHHON TEMIIepaTypbl OKeaHa, OCpes-
HeHHOW 11 iepuoaa 1950-1960 rr. Pacuet Tepmobaprudeckux ycinoBuii 0611 mpoBenieH B BepxaeM 1000 meTpo-
BOM ciioe JoHHBIX omokeHni CJIO. KprBasi paBHOBECHBIX YCIOBHI THAPATOOOPAa30BAaHMS METaHA HAKITabIBa-
JIach Ha JIMHUIO €CTECTBEHHOTO PACIIPEIENICHUS TEMIIEpaTyp U JaBJIeHHi B ucciexyemoi odmactu. ITo Toukam
TIEPECEUCHUS] 3THX ABYX JIMHHUI ONIPE/IeIisulach BEPXHSIS U HUKHSASL TPAHUIIBI 30HbI CTA0OMIBHOCTH.

30Ha CTAOMIBHOCTU THPATOB B APKTHKE, PACCYUTAHHASI C UCIIONB30BAaHUEM TEMIIEPATYPHBIX yCIIOBUIT IS
2006 ., moKa3aHa Ha PUCYHKE 2a. YCIOBUS IS CYIIECTBOBAHMS Ta30TUAPATOB BHITTOIHSIOTCS, HAYMHAS C TIIyOHH
250-300 M. CnemyeT OTMETUTb, YTO B TAHHOM HCCIICIOBAHWM MBI HE PacCMaTpUBAIN TITyOOKOBOAHBIC 00IacTu
CJIO (rmy6mna Boms! 6omee 3000 M), Tak Kak OHU CUUTAIOTCS He Ta3oHOCHBIMHA. [ry6rna 3CI'T B TOHHBIX OTIIO-
KeHusx MoxeT noctrurats 1000 M B Kananckom OacceiiHe 3a cueT HU3KOTO Te0TePMUIECKOTO TIOTOKA M OOJTBIIION
mryOuHb! Bozel. Bepxnueit rpannteit 3CIT He Bcerma sBIseTcs MOPCKOE JHO, TaK TPH BOTHBIX NITyOHMHAX MEHEe
300 m ona HaxomuTCs Ha TTyOmHe mopsiaka S0 M Hrwke aaa. OnennBast MomtHOCcTh 3CI'T HE0OX0MMMO TTOAYEpK-
HYTb, YTO JUISl CyIIECTBOBAHMS TA30TUAPATHBIX 3aJICKEH HEIOCTATOYHO JIMIIb ONAaronpHATHBIX TepMoOapHde-
CKHX ycioBuil. s 00pa3oBaHMs Ta30ruapaTa HeOOXOANMO COAEPKaHNE ra3a, MPEBBIIIAIONIEE IPEAEI €To pac-
TBOPUMOCTH B BOJIe. FIHTepec MpeACTaBIAI0T yuacTKH MIeNb(a, TIIE€ OTMEYACTCs MTOBBIIIIEHHOE COIEP KaHNE METa-
Ha B JIOHHBIX OTJIOKCHUSIX. Takue yuacTKH BbIsIBICHBI B bapeniieBom Mope. CunTaercs, 4To MOBBIIIEHHE COAep-
JKaHWS METaHa B 3THX palloHax CBA3aHO C BOCXOAAIICH MUTpaluei ra3a rmo pasnomam [ 13]. TTo nammm orieHKamMm
morraocTh 3CI'T Ha mensde bapentiera mopst MmoxeT mocturars He 6omee 200 M (puc.2a).

ITpousBeneHa OIEHKA YyBCTBUTEILHOCTH 30HBI CTAOMIBHOCTH METAHTMPATOB K KIIMMAaTHIECKUM H3Me-
HeHMsM 710 koHIa 21 Beka. Ilo pe3ynbraram NMpoBEJEHHBIX PACUETOB METAHTHIPATHI, MPUCYTCTBYIOIINE Ha
Mopckux rmyonHax 250-500 M, HanboIee moIBEpKEHBI TETIOBOMY BO3JCHCTBIIO, pUCYHOK 20. [ToTerenne B
CJIO€ aTIAaHTUYECKUX BOIHBIX MacC OyAeT OKa3bIBaTh OCHOBHOE BIIMSHHE HAa COCTOSHUE aPKTHUECKHUX I'a30BBIX
rugparos. [To HalIMM omeHKaM, TTOBBIIICHHE TEMIIEPATyPhl IPUIOHHOMN BOJIBI B 3THX 00IACTAX MIPUBEIIO K CO-
kpamenuro 3CI'T na 20-40 M B meprox 1990-2006 IT. 1 MOXKET MPUBECTH K AaTbHEUIICH JMCCOIMAIIH Ta30-
BBIX THIPaTOB B BepxHEeM 1 00-MeTpOBOM ClI0€ JOHHBIX OTIOKEHHH /10 KoHIa 21 Beka, pucyHok 26. Ha pucynke
moKa3aHo cMenienre BHU3 BepxHeit rparnisl 3CIT unn momHoe paspymenne 3CIT 3a mepuon 2006-2100 rr.
IIpu pacuerax co BceMH BapHaHTaMU aTMOC(EPHOTO BO3/IEHCTBHSI HanOoJEe MOABEPIKEHBI AeCTa0MITN3anT
razoruaparsl B Hopeexckom, bapernieBom Mopsix, y 3amagHoro mobdepexns [Inmunbeprena, na EBpasuiickom
KOHTHHEHTAJIBHOM IIenbge.

Onyckanue BepxHeii rpanuiel 3CI'T MeTaHa 1 BO3MOXKHAS IETPafaliist Ta30BbIX IHAPATOB CBEPXY MOXKET
TIPUBOANTH K HAKOIUIEHHIO CBOOOTHOTO METaHa B CIOSIX JIOHHBIX OTIOKeHNH. Habmonenus moTokoB MeTaHa B
CJIO [1, 2] cormacyrotcs ¢ o0nacTsIMu HanOoJee TyBCTBUTEIHHBIMEA K BOSMOKHOMY TTOTEIUICHHUIO, YKAa3aHHBI-
MH B HACTOSIIIIEM HcclieoBaHni. OCHOBHOE OTIIMUYHE TITyOOKOBOAHBIX THAPATOB OT PACCMOTPEHHBIX PaHEe T'U-
JPaToOB KPUOTEHHOTO THIIA [5, 6] — BO3MOYKHOCTH CYIIECTBOBAHUS HA HEOONBIIHX MOJIOHHBIX TiTyOnHax. [103-
TOMY OHM MEHEE YCTOWYMBBI K MPOUCXOISAIINM IPOLIECCAM MTOTETIIICHUS B TPUIOHHOM CIIO€ BOABI.

1000 gg 100
800 [ 80
600 1 60
400-‘ ' 40
200 :20
0™

Puc. 2. Pesynbtatbl MogenupoBanua 3CIT B CJ10: a) MowHocTb 3CIT, nonyyenHas ana 2006 r. (B M); 6) u3MeHeHuWe noso-
¥KeHUA (CMeLLieHne BHU3) BEPXHEN FpaHuMLbl 30HbI CTabubHOCTY MeTaHrapaTos (B M) B 2100 . no oTHoweHuio K 2006 T,
Mony4eHHOE B YUCNEHHOM 3KCNepuMeHTe ¢ aTMochepHbIM Bo3gencTameM no Mogenu GFDL-CM3.
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ApnanTtayma Mmogenu COSMO-CLM K BblMUCIUTENIbHBIM
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3HepronoTpebneHna Ha KNnMart ropoaa
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B HAYYHBIX UCCIICIOBAHUAX, TaK U B OHepaTHBHOﬁ IMpaKTHKE. Teoppm 1 MpaKTHUKa UCIIOJb30BaHUA MOIC-

neit B Poccun monpo6HO ommcaHa B Tpynax coTpyaHukoB I'mnpomeriientpa Poccun u MI'Y um. M.B.

JlomonocoBa. B noxnane npeacrasien onsiT MDA nm. A.M. O6yxoa PAH (M®A) mo amanranuu Monenu
COSMO-CLM p1st OLIEHKH BO3ACHCTBHUS SHEPTOMOTPEOICHHUS Ha KIIMMAT ropojia.

Jlaboparopus maremarudeckoit sxoornn MDA nponuta peructparuio B accormanuu COSMO B rpymmax

COSMO-CLM wu SOILVEG, uto mo3Bonuio Hayath padoTs! mo agantanuu Moaean COSMO-CLM u cxem

pacuera OanaHca YHEPIUU Ha TOPOCKoil moacTuaromeii moepxuoctu Tumia TERRA URB k BO3MOKHOCTSIM

P aznuuHble Moanpukanuu Mmosenei cemeiictBa COSMO B HacTosiIiee BpeMst ITMPOKO UCTIONB3YIOTCS KaK


mailto:gin%40ifaran.ru?subject=

BBIYMCIUTENBHOTO KinacTepa MDA, KOTOPBIH COCTOMT M3 JABYX Jormuecknx dacteil. [lepsas - 8 cepBepoB
SR1435VP2, xaxaslif U3 KOTOPBIX COACP)KUT MO JBa IBYXBSACPHBIX Mporeccopa Xeon ¢ gactoror 3 I'T.
[MukoBasi MPOM3BOMUTETHHOCTh 3TOM wacTu kimactepa - 3.7 T'gmomc. Bropas wacte - ommH cepBep
Intel®S5520UR, cocTosmuii u3 IBYX 4eThIpexbaaepHbIX mporeccopos Intel Xeon ES530 ¢ wacroroii 2.4 I'Tm.
[TukoBast MPOM3BOANTENBHOCTH 3TOH yacTu - 4.8 I'moric. Ha kmactepe ycranoBneHa 64-0uTHasi omepannion-
Has cuctema CentOS 5.2 Linux, a Taxoke HeOOXOAUMBIC YTHIIUTHI X KOMITAJISTOPHI.

U3 craproBoro maketa COSMO CLM 06511 BBIOpaH U YCHEITHO BOCIIPOMU3BEACH TECT, COOTBETCTBYIOIITHIA
BO3MOKHOCTSIM BEIMUCTUTENRHOTO Kiactepa UDA. 3arem B MDA Orina ycranosnena Bepcust COSMO_CLM,
ncnonp3yemas Ha [eorpaduueckom dakyiasrere MIY. OHa OKa3anach CIHMIIKOM TPOMO3IAKOH JJIST BBIYHCIIH-
TenpHOTO Kiactepa MDA u 11 MCTIONB30BAHUS MOJEIH Ul OLIEHKH BO3/EHCTBHUS SHEPTONOTPEOIeHHs Ha
KIIMMaT Toposia ObIIIO YMEHBIICHO KOJIWYECTBO SUEEK CETKH 0 TOPH30HTAIM M CIIOEB 0 BEPTHKAIN. boutn
YCIEIIHO IPOBEACHBI TECTOBBIE PACUEThl HAa TPEX BIOKEHHBIX AoMeHaX B EBponeiickoii yactu Poccun. Kax-
JIBIH M3 9THX JIOMEHOB COICPIKUT 1O 10 THICAY ST9EEeK TOPU3OHTAIBHOMN CETKH, COOTBETCTBEHHO pazMepom 17 x
17 xm, 5x5 xm u 1x1 kM, 40 croeB B atMocdepe 1 9 ciioeB B MOICTHIIAIONIEM clloe. PacyeT Ha CyTKH 1O 3TUM
JIOMEHaM IIPU HCIONb30BAHUM JIBYX UETHIPEXBSIEPHBIX MpoLeccopoB kiaactepa MDA 3aHMMaeT cOOTBETCT-
BenHO nipumepHo 10, 30 i 180 MUH BEIYNCIUTETFHOTO BpeMeHU. bonbmioe BpeMs pacdeTa o MUHHIMATbHOMY
JIOMEHY CBSI3aHO C HEOOXOMMOCTBIO UCTIOIB30BaTh MaJIBIH IIar IO BPEMEHH.

] Oy

Puc. 1. MpuMep Bocnpon3BeeHMA TeMNepaTypbl BO3AyXa Ha TPEX BIIOMEHHbIX JOMeHaXx.

[IpoBeneHHbIEe TECTHI MOKA3BIBAIOT BO3MOKHOCTD ¢ ToMoIbio Mogenu COSMO-CLM u cxembl TERRA-
URB BBHINOMHATH HA BBIYMCIUTEIBHBIX MOIIHOCTSX TUMa kiactepa MDA pacueTbl CyTOYHOTO U CE30HHOTO
X0Jla METEOPOJIOIMUYECKUX XapAaKTEPUCTUK FOPOACKUX arjIoOMEpAIMil C y4ETOM aHTPONOIE€HHBIX BO3AEHCTBUI
Ha ypOaHU3UPOBAHHBIC TCPPUTOPHUH.

Paboma svinonnena npu noooepoicke PH® (I[lpoexm Ne 16-17-00114 «Ananus enusnus pecuoHAIbHbIX
UBMEHEHUTl KIUMAMA Ha dHepeonompebieHue 20poocKo2o xo3sicmea mezanonucos Poccuuy).

Adaptation of the COSMO-CLM model to the IAP RAS
computational capabilities for assessing the impact
of energy consumption on the urban climate

"*A.S. Ginzburg, "*S.A. Dokukin, 'L.0. Maksimenkov

" A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
? Moscow Technological Institute, Moscow, Russia

* Lomonosov Moscow State University, Moscow, Russia

E-mail: gin@ifaran.ru

ABSTRACT

Various modifications of the COSMO models are now widely used both in scientific research of mesoscale
meteorological and climatic processes as well as in weather forecast operational practice. The paper presents
the experience of staff members of the A.M. Obukhov Institute of Atmospheric Physics RAS (IAP) on the ad-
aptation of the COSMO_CLM model for assessing the impact of energy consumption on the city's climate. The
conducted tests show the possibility, using the COSMO_CLM model and the TERRA URB scheme, to per-
form calculations of the daily and seasonal meteorological characteristics of the Moscow agglomeration and
other Russian urban agglomerations of and the world, considering anthropogenic impacts on urban areas, on
the computational capacities of the IAP-type cluster.
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SESSION 2

INTRODUCTION

The problem of a cities energy supply is getting more and more important due to an urbanization processes
acceleration. An energy demand for heating, ventilation and cooling depends upon the local climate conditions.
Climate of megacities is impacted not only by the global processes manifested on their regional scale but also
by some local interactions like “heat islands” appearing due to a city impact on the environment. An accounting
for a feedback between the climate and the energy system is still quite a challenge.

One of the main goals of the RSF project “Analysis of an impact of the regional climate change on the
residential and commercial energy consumption of Russian megacities” is to implement regional models of
urban climate and city energy demand for better understanding applied climate parameters trends and changes
influence energy consumption of megacities.

Among the numerous mesoscale atmospheric and climatic models developed around the world it was
chosen the non-hydrostatic regional model of the Consortium for Small-Scale Modelling in Climate Mode
(COSMO_CLM). This model was chosen due to many reasons — excellent guide and documentation, possibility
to became Consortium member organization, more than decade experience of usage COSMO model in Russia.

COSMO model has been designed for both operational numerical weather prediction and various scientific
applications [1, 2, 3, 4, 5]. COSMO_CLM version of COSMO [2, 4, 5] is most useful model for studying the
effects of urbanization on the regional climate. The urban heat island in Berlin, Moscow and some other large
European cities and regions has been successfully simulated by COSMO_CLM with different surface energy
balance schemes. As initial input weather data for COSMO modelling are used the ERA-Interim reanalysis [6]

COSMO model describes the meso-f3 scale meteorological processes - from 20 to 200 km and meso-y
processes - from 2 to 20 km [7] within different size domains up to few thousands km. According to Fig. 1
urban effects are situated in the middle of the characteristic time and horizontal length scales of atmospheric
processes and for better understanding and modeling energy consumption effects within large urban
agglomeration is necessary to consider a wide range of atmospheric (meteorological and climatic) processes.

Fig. 1. Scale definitions and the
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METHODS AND PRELIMINARY RESULTS

Various modifications of models of the COSMO family are now widely used both in scientific research of
mesoscale and practice and of using models in Russia is described in detail in the works of the staff of the
Russian Hydrometeorological Center the M.V. Lomonosov Moscow State University (see for example [3, 15,
17] and many other publication).

The paper presents the first experience of IAP team on the adaptation of the COSMO-CLM model for
assessing the impact of energy consumption on the city's climate.

The IAP Laboratory of mathematical ecology passed the registration in the COSMO association in the
COSMO-CLM and SOILVEG groups, which allowed to begin work on adaptation of the COSMO-CLM model
and energy balance calculation schemes on the urban surface of the TERRA URB type to the capabilities of
the IAP cluster.

IAP cluster consists of two logical parts. The first one - 8 servers SR1435VP2, each of which contains two
dual-core Xeon processors with a frequency of 3 GHz. The peak performance of this part of the cluster is 3.7
Gflops. The second part is a single Intel® S5520UR server, consisting of two quad-core Intel Xeon E5S530
processors with a frequency of 2.4 GHz. The peak performance of this part of IAP cluster is 4.8 Gflops. The
cluster has a 64-bit operating system CentOS 5.2 Linux, as well as the necessary utilities and compilers.

From the COSMO-CLM launch package, a test was selected and successfully reproduced, corresponding
to the capabilities of the IAP computational cluster. Then, the COSMO-CLM version was used in the IAP, used



at the Geographic Faculty of the Moscow State University. It turned out to be too cumbersome for the IAP
computational cluster and to use the model to estimate the impact of energy consumption on the city's climate,
the number of grid cells horizontally and layers in the vertical was reduced. Test calculations were successfully
carried out on three nested domains in the European part of Russia. Each of these domains contains 10,000 cells
of a horizontal grid, corresponding to a size of 17x17 km, 5x5 km and 1x1 km, 40 layers in the atmosphere and
9 layers in the underlying layer. Calculating the day for these domains using two quad-core processors of the
IAP cluster takes approximately 10, 30 and 180 minutes of computational time, respectively. The long
calculation time for the minimum domain is associated with the need to use a small-time step.
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Fig. 2. The example of air temperature modeling on three nested domain for December 2, 2009.

The initial fields for a grid with a step of 16.9 km are taken from the reanalysis, for a grid with a step of 5
km - the results of the calculation of the domain with a grid spacing of 16.9 km, and for a grid with a step of 1
km, respectively, the results of the calculation of the domain with a grid spacing of 5 km.

The air temperature fields in Moscow city and it nearest surrounding calculated within the different
domains as it shown in Fig. 2 are very similar one to another. From the other hand the mean temperature at 20
m over the smallest domain (100 x 100 km) depend on domain and grid used for modelling (see Fig. 3).

&7 Fig. 3. Simulated daily mean temperature for
December 2-9, 2009 at 20 m over Moscow and it
4+ neighborhood (100x100 km) calculated with
different domain and grid spacing.
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SESSION 2

SURFACE ENERGY BALANCE SCHEMES

For studying the effect of energy consumption on the climatic and weather characteristics of urban
agglomeration and the influence of climatic variations and trends on the energy needs of urban economy, a
correct description of the energy fluxes within different urbanized areas is very important.

Different approaches to urban and rural surface energy fluxes parametrization one could find in COSMO _
CLM guide and scientific papers [2, 9, 10, 11, 12, 13]. There are a few schemes for surface energy fluxes
parametrization TEB (Town Energy Balance), BEP (Building Energy Parameterization) and other [9, 10, 11].
International COSMO team developed TERRA ML scheme for multilayer soil description. Later especially
for urban climate and weather studies was created TERRA URB scheme. The TEB to TERRA schemes are
shown on Fig. 4 from [11]. Last years same simulations for Belgium Berlin and Moscow are presented at
international scientific events and published [13, 14, 15, 16, 17].

To study Moscow agglomeration urban heat island the Moscow State University team is used two versions
of urban surface parametrization [15, 17]: a more complete urban development model, based on the concept of
urban canyon - TEB, and a simpler one TERRA URB (Fig. 4), which is a modification of TERRA ML.

TERRA-URB scheme provides possibility to consider anthropogenic heat fluxes — AHF (“heat emission”
on Fig. 5). Different approaches to AHF value estimation is presented in [18, 19, 20, 21, 22] and some other
papers. During the next stage of this study the main attention will paid to urban climate modelling with
considering energy consumption impact on urban heat island intensity using different methods of anthropogenic
heat fluxes parametrization as well as positive and negative feedbacks between energy demand and climate
changes within large urban agglomerations.

maodel grid cell with an urban and a non-urban hle
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Fig. 4. Land surface schemes TERRA and TEB schemes. Fig. 5. The urban-canopy land-surface
scheme TERRA_URB for energy fluxes
parametrization in the COSMO_CLM model
made by medication the soil-vegetation
module TERRA_ML [18].

CONCLUSION

The conducted tests show the possibility, using the COSMO-CLM model and the TERRA-URB scheme,
to perform modelling of the daily and seasonal meteorological characteristics of the Moscow agglomeration
and other Russian urban agglomerations of and the world, considering anthropogenic impacts on urban areas,
on the computational capacities of the IAP-type cluster.
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Pac4yeT cKopocTu X0noAHOro ¢ppoHTa C MOMOLLbIO
runepbonmyeckon mogenu atmocdepsl

l0auu M. C.

WUHcTuTyT BbluncnutenbHo MateMatuku u Matematuyeckoit lfeopmsuku CO PAH, HoBocubumpck, Poccus
E-mail : yudin@ommfao.sscc.ru

TeyeHus (arMoc(epHOro XoJonHoro (GpoHTa) HaJl IIOCKOW oporpaduell 1 KPyThIM MPETsSITCTBUEM C
TTOMOIIIBI0 HETHIPOCTATUYECKOM rurepOoInueckoi Moienu AMHaMuKH arMocheps!. C 11enbio cpaBHe-
HUS C UMEIOIIUMHUCS B JIUTEPaType JaHHBIMH MOJCIUPOBAHUS, (PU3HMUECKUI MPOIECC CUNTACTCS HEBSI3KUM U
agnabarudeckuM. B Mozmenn ncnone3yercs cucrema ypasHeHuit HaBbe-CTokca B npuOmmxenun byccunecka.
D¢ dexTrBHAs YMCIICHHAS Pean3alisi CUCTEMbl YPAaBHEHHUH TOCTUTAeTCsl BBEICHHEM HCKYCCTBEHHOM CIKMMa-
emocTH. [ToBepXHOCTh (PpOHTA ONKCHIBAETCSI B MOJIEIH CIICIIHATBHBIM YPAaBHEHUEM.
[IpuBoAsTCS pe3ybTaThl pacueToB CKOPOCTH (hpPOHTA ISl yCTOWYMBOW cTparnukanuu. Pesynprars! pac-
YETOB HAXOMSATCS B KAaYECTBEHHOM COIVIACHU C AMITUPUYECKON (OPMYIION JUIsi CKOPOCTH PACTIPOCTPAHEHUsI
I'PaBUTAIIMOHHOTO TEUCHNUS B aTMOC(epe.

B pabote uccienyrtes oporpaduueckue 3hdHexTsl Ha CKOPOCTh PACIPOCTPAHCHUS MPABUTALIMOHHOTO

Paboma evinonnena npu noodepacxe PODU (epanm 17-01-00137), a maxace UBMuMI CO PAH
(cocyoapcmaennoe 3adanue 0315-2016-0004).

Cold front speed calculation with a hyperbolic model
of the atmosphere

Yudin M. S.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: yudin@ommfao.sscc.ru

INTRODUCTION

Fronts in the atmosphere are examples of gravitational flows that take place in a variety of forms: breeze
fronts, storm flows etc [1]. Phenomena of great importance are cold atmospheric fronts propagating near the
surface with high speeds (see [19] for a review). These fronts may be retarded and changed in shape under the
influence of the underlying surface and stratification of the atmosphere. The retardation of a frontal system on
the windward side of a mountain is a commonly observed phenomenon [11, 12].

Atmospheric gravity currents occupy a wide range of length scales from several meters to thousands of
kilometers. These currents can be subdivided into classes varying from micro- to macro-scales. Mesoscale
flows lie in an interval approximately from 2 to2 thousand kilometers [7]. The flows of interest in the present
study are mesoscale currents. These flows are relatively shallow: they belong to the atmospheric boundary
layer and range only a few kilometers from the surface in the lower atmosphere.

In the present paper, a numerical meteorological model is applied to the calculation of the speed of
propagation of a cold front in the atmosphere over an artificial obstacle in the form of a hill, as well as along flat
terrain. The model is constructed on some basic principles developed by S K Godunov and E I Romenski [4].
These are:

*  Hyperbolicity

»  Fully divergent form of the governing equations

»  Consistency with the laws of thermodynamics

With specially-chosen variables, such a system can be transformed to symmetric form [4].

Hyperbolic systems numerous theoretical and technical advantages.

Hyperbolic models have recently been constructed for viscous Newtonian flows [18].

The front speed in the propagation of an atmospheric gravity current (cold front) over flat terrain and over
a steep hill is estimated in the present study with a non-hydrostatic finite-difference model of atmospheric
dynamics. Artificial compressibility is introduced into the model in order to make its equations hyperbolic. For
comparison with available simulation data, the physical processes under study are assumed to be non-viscous
and adiabatic. The influence of orography is also estimated. The results of simulations of front speed under
stable stratification are presented and compared with an empirical formula.
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MODEL FORMULATION

A general form of the basic equations is [4]:
Ly, + OurL)y
ot 01,

0L , Ol(urL) = rolry, = bilay = dilay + Ly, = bisalse) _ o
ot Oze o

oL, + OurLy, = wily,] =0
ot Oy

8L". + 8[!1;-[.4‘ - u;Ldi - ewb,l =0
ot Oz !

OLy, + OukLy, — uiLs, + eqadi) —0
ot Ory "

OLn | Ofuln+ii]

I ™

5Lj,‘ a[uaLjn + n] —a
R S

%(q.fa. + Ly + raley + dily +biLy, +nls + iaLy, - L+

.

%(u.m + g + alng + g +bila, +nLy)) =0

The Navier-Stokes equations for a compressible air flow are used here for the calculation of gravity flows
in a stratified atmosphere The exact form of the equations is given in [3]. A more detailed description of the
model can be found, for instance, in [4].In the present study, a two-dimensional finite-difference version of the
model is employed [2]. The time discretization is similar to that proposed in [5].It is also described in paper [3].

NUMERICAL EXPERIMENTS

The results of a series of calculations are presented here to simulate the front speed in the propagation of
an atmospheric gravity current (cold front) over flat terrain and over a hill under stable stratification. The model
parameters are taken from paper [1]. The calculation domain is 25x25 km. In contrast to [1], where the front is
generated by a volume of cold air, in the present study the front is initially given in the form of a step- function
of 400 m in height.

Figure 1 shows the initial location of the front in its propagation along flat terrain. Figure 2 shows the
front as it comes to a steep obstacle in the form of a hill. The calculated values in both versions of the simulation
have been compared with an empirical formula first introduced by T. von Karman [1, 19]. A good agreement
between the results of the above calculations and the theory has been obtained. This is the well-known empirical

formula for the front speed [1] :
v, =k(gh,A8/6)"

2000 = 2000 =
00F pugntim) height( m )
COLD FRONT PROPAGATION OVER A HILL
1800 = 1800 =
COLD FRONT PROPAGATION
1600 = 1600 =
1400 1400 =
1200 = 1200 k=
1000 = 1000
A00 = 00 p=
600 warm air son b
400
o0 400 p=
coldair
a0F \ dtance( km ) 200 b=
. I T q i § o dstance ( km )
0 5 10 15 0 ] a L el 1 R ]
8] -1 10 15 20 25

Fig. 1. Cold front in the atmosphere over flat orography. Fig. 2. Cold front propagation over a hill. Stable stratification.
Stable stratification.
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CONCLUSION

The results of the simulations of front speed in the propagation of an atmospheric gravity current (cold
front) over flat terrain and over a hill under stable stratification presented above have been compared with the
empirical formula. A good agreement between the results of the calculations and the theory has been shown.

This work was supported by the Russian Foundation for Basic Research under grant 17-01-00137, and

ICMMG SB RAS under target program 0315-2016-0004.
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Interannual variations of the heat balance of the upper
mixed layer in the North Atlantic

Polonsky A.B., Sukhonos P.A.
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E-mail: pasukhonis@mail.ru

to-interdecadal anomalies that directly affect the climate system. There are different points of view on the

contribution of local atmospheric forcing and internal ocean dynamics to the generation of the UML tem-
perature anomalies on these time scales. The aim of the research is to analyze the relative importance of the
UML heat budget components in the North Atlantic on the interannual-to-decadal scale. This study is based on
an analysis of the closed heat budget for the upper ocean layer using homogeneous and long-term data sets.

In the North Atlantic, the upper mixed layer (UML) temperature is characterized by significant interannual-
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The data from the oceanic re-analysis ORA-S3 for the period 1959 to 2011 yrs [1] for the North Atlantic (0—
70° N, 8-80° W) were used. The procedure of calculation of the heat balance terms is described in detail in [2].

The UML heat balance is quasistationary on the interannual-to-decadal scale. It is mainly caused by the
changes in the advective heat transports and horizontal eddy diffusivity. The largest contribution of horizontal
eddy diffusivity to the interannual variability of the average annual UML temperature occurs in the northwest-
ern part of the North Atlantic and in the subpolar gyre. The partial derivative of the UML temperature and con-
tribution of heat fluxes at the low UML boundary to the change in the average annual UML temperature are in-
significant. The contribution of heat fluxes at the upper UML boundary at the basin’s majority is less than 30%.
However, in some areas it exceeds 40%, for example, in the Gulf Stream recirculation zone and eastern part of
the subtropical gyre.

On the extended part of the North Atlantic (excluding the subpolar gyre), the partial derivative of the UML
temperature in general is small compared to the main components of the heat budget equation throughout the
year. The main terms in this equation on the analyzed scale are associated with the nonlocal processes — heat
advection (horizontal and vertical) and horizontal eddy diffusivity. The surface heat fluxes variability is impor-
tant outside the zone of action of intense ocean currents in the subtropical and subpolar gyres. In summer (when
ocean circulation weakens in the upper layer), surface heat fluxes variability is also important in the vicinity of
the intense currents. In the tropical latitudes, these variations do not impact the UML heat budget throughout
the year. The heat fluxes at the lower UML boundary are important on the interannual-to-decadal scale only
during the period of intensive winter convection in the part of the subpolar gyre and in the vicinity of the North
Equatorial Countercurrent in spring.

The variance which characterizes the variability of the UML heat budget components and the contribution
of each term to the interannual-to-decadal UML temperature variability in the North Atlantic substantially de-
pend on the season. At the same time, nonlocal processes, such as heat advection and horizontal eddy diffusiv-
ity, mainly determine the UML temperature interannual-to-decadal variability on the majority of the North At-
lantic basin. The subpolar gyre region is an exception. Here, the nonstationarity (especially in spring) and heat
fluxes at the upper and low UML boundaries (mainly in winter and autumn, respectively) are important.
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CA 3HAYUTCJIIbHBIMH aHOMAJIMAMHA MEXKTOAO0OBOIO-MCXKACCATHIICTHETO MaCI_HTa6OB, OKa3bIBAIOIIUMU TIPS~

Moe BIMSHHE Ha KinMaTtndeckyto cuctemy [1]. Cormacho runotese boepkHeca [2], anHomanuu Temmepa-
Typsl oBepxHOCTH okeaHa (ATIIO) B cpeqHUX MUPOTAaX HA CE30HHBIX-MEKXTOOBBIX MaciITabax obyciaoBie-
HBI B OCHOBHOM aTMOC(EPHBIM BO3JIeHCTBIEM, a iecsiTuieTHre 1 0osee amurenbHbie ATTIO BbI3BaHbI H3MEHe-
HUAMHA HUPKYJIAINUU OKEaHa. Tem HE MEHEEC, OCHOBHBIC TPUYHHBI HOHFOHCpHO}IHOﬁ HN3MEHYMBOCTHU TEMIICPATY-
pb1 BKC u3yueHbl HeloCTaTOYHO M3-32 OTCYTCTBUS JUIUTEIBHBIX HAOIOCHUI B OKeaHe ¢ HeOOXOUMBIM TIPO-
CTPaHCTBEHHO-BPEMEHHBIM pa3pelieHneM. B murepatype omyOnnKkoBaHBI TPOTUBOPEUNBEIE MHEHHS O BKJIAE
JIOKAITBHOTO aTMOC(epHOTO BO3ACHCTBIS M BHYTPEHHEH TUHAMUKN OKeaHa B TeHEPalnio aHOMAJIUi Temrepa-
TYpPBI BEPXHETO CJIOS OKeaHa Ha yKa3aHHBIX BPEMEHHBIX MacIITadax.

AHanM3 MpoCTPaHCTBEHHO-BPEMEHHON M3MEHUYMBOCTH KpynmHOMacmTaOHbIX ATIIO cBHIETENbCTBYET O
TOM, YTO XapaKTePUCTHKHU X MEKTO0BOI N3MEHUNBOCTH CYIIIECTBEHHO 3aBUCST OT ce30Ha [3]. Uto kacaetcst
0oJiee HU3KOYACTOTHBIX M3MEHEHUH TeMIepaTyphl OKeaHa, TO HEKOTOpbIe aBTOPHI [4] yTBEP)KIAAl0T, 4TO pajna-
LIMOHHOE BO3ACUCTBHE a’pO30JIeH SBIISIETCSI OCHOBHOW NPUYMHON MEXAECATUICTHUX U3MEHEHUM KiIMMaTa B
CeBepHOﬁ ATnaHTHKe. OTMGTI/IM, YTO MOJACIIBHBIC UCCJICJOBAHUS ITOKA3bIBAKOT BO3MOXHOCTh BOBHUKHOBCHUA
JIOJTOKUBYIIIX aHOMAJIMH B aTMoc(epe (B TOM YHCIIe U IeCATHIICTHETO MaciiTaba) 6e3 ydera ee B3anMoei-
CTBUS ¢ OKeaHoM [5]. BMecTe ¢ TeM, BO MHOTHX paboTax MoKa3aHo, 4TO Ha JECATUIIETHUX U 0oJiee JITUTENbHBIX

TeMnepaTypa BepxHero kBa3uoaHopoaHoro ciost (BKC) okeana B CeBepHOI ATIIaHTHKE XapaKTepU3yeT-
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SESSION 2

BPEMEHHBIX MacmTabax OkeaH WTrpaeT akTUBHYIO posib B (hopmupoBanuu ATIIO [6]. [ToaTtomy B HacTosIei
paboTe MPOBOAUTCS KOMIUIEKCHOE MCCIEAOBAHNE OTHOCHTEIBHON BAXXHOCTH COCTABIIAIOMINX TEIIIOBOTO Oa-
naHca okeaHa B CeBepHOH ATIaHTHKE Ha MEKIOJOBBIX-ACCATUIECTHUX BPEMEHHBIX MacIITabax Ha OCHOBE
aHaJIM3a KOMIIOHEHTOB 3aMKHYTOTO OIO/DKETA TETIa BEPXHETO CJI0sl OKEaHa 110 COBPEMEHHBIM OHOPOAHBIM H
JUINTETBHBIM MacCHUBaM JIaHHBIX.

B nacrosmiert pabote MCHONB3YIOTCS JAaHHBIE OKeaHndeckoro pe-aHammza ORA-S3 3a mepuom 1959 —
2011 rr. [7] nns akBatopun CeBeproii Anantuku (0—70° c. mr., 8-80° 3. 1.). JlaHHBIE O CyMMapHBIX ITOTOKAaX
TETIa Ha MOBEPXHOCTH OKeaHa 10 akBaTopuu CeBepHOI ATIAHTUKH TOIY4EHBI U3 MaccuBa arMochepHoro
pe-anammza ERA 40 [8] 3a mepuon ¢ staBapst 1959 1. mo mrors 2002 1. 1 omepaTuBHOTO aHam3a 1mo mogenn ERA
40 3a mepuog ¢ utonsg 2002 1. mo gexadpp 2011 1. [ToToku Tema n3 arMocpepHOro pe-aHaau3a i ONepaTuBHOTO
anaim3a ERA 40 ncronp3yroTcs B KadecTBE TPAHWIHBIX YCIOBHH IS MOJIENTN oKeaHa B pe-aHanmze ORA-S3.

Ypasrenue termmosoro 6ananca BKC B mpearnonoxeHnu o BepTUKaIbHON OTHOPOAHOCTH TEMITEPATYPhI B
HEM MMeET CIeIyIOIni BU:

,
T, =—UTX—VT))—W‘I;1T‘H + Q09 n  ppp. (1)
PoCrH

3neck p, — IWOTHOCTH MOpckoii Boasl B BKC, C), — TemioeMKoCcTh MOPCKOH BOZIBI IIPH IIOCTOSIHHOM J1aBJIe-
wun, H u T — tonmuaa u temreparypa BKC, U, V' — cpenHue B mipeenax IepeMenIaHHOTO CI0s 30HAIbHAS U
MEpHIMOHAIbHAsl KOMIIOHEHTHI BEKTOpA TeUeHUH, W', — BepTUKalIbHAasl CKOPOCTh TEUCHUH, HOpMaJIbHAs K TO-
norpadun HkHEH rparusl BKC, ¢ yaerom ero ropmsonTansHOW HeomHopomHoctu (W', = W ,+U ,H +
VyH), T, (H)u T, (H,)—30Ha0bHbI B MEPHINOHAIBHEIA rpaauenThl TeMieparypsl B BKC (tonmuns BKC),
T, — noxaneHoe n3menenune Temueparypsl BKC, UT,, VT, u W' ,T ,;,/H — 30HaIbHas, MEPUIMOHAIIBHAS H BEP-
THKaJIbHAs aJIBEKIMS TEIUIA, COOTBETCTBEHHO; (O, 1 Q,H TETUIOBBIC TIOTOKH Ha BEPXHEH M HIDKHEW IpaHUIax
BKC. Ocb x HanpaBiieHa Ha BOCTOK, OCh ) — Ha CEBEP, a OCh Z — BEPTUKAJILHO BBEpX. Hauaso cucrems! koopau-

HaT HaXOUTCS Ha HEBO3MYIIEHHOM TOBEPXHOCTH OKEaHa.
Iotok Tenna Ha HmxHEH rpanule BKC O ,, 3aBucut ot ckopoctu 3armyonerus BKC (DH/Dt = 0,,/0,+
Uy HA+V 4 H), ckauka Temneparypsl (7, — T ;) 1 CKOPOCTH BEPTUKAIIBHBIX JABMKCHHUI y €ro oCHOBaHuUS (W ;)
1 OLICHUBAETCs U3 00OOIEHHOTO Ha CITydail TOPH30HTAIbHO-HEOJHOPOIHOTO OKeaHa cooTHomenus: Kpayca —

Tepuepa [9]: DH DH
PoCp(Ty—T ) (DI+WHJ npu [Dt+WHj<o

DH ()
0 —+W >0
npu [ Di + H]

Bonee mompobHO MeTOMMKa pacdyeTa 3TOro KOMIIOHEHTAa TeIIOBOTo Oananca m3noxena B [10].
Benmwmuuna HED (horizontal eddy diffusivity) xapakTepu3yeT TOPU3OHTAIBHYIO BUXPEBYIO TUPPY3UIO H
ompernensach Takke Kak u B [11]:

HED=(1.5-10°+F)-(T, +T,)+ F.T, + F,T,. 3)

3neck F' — 3T0 (yHKIMS, KOTOpasi 3aBHCUT OT KBaJpaTa JIOKaJIbHOU ckopocTu nedopmarun ((V,+ Uy)z) u
nannacuana temneparypsl BKC (7, +7,).

Kpome yka3zaHHBIX KOMIIOHEHTOB, CyMMapHbIi TerutoBoii 6ananc BKC conepxut B cede Tarke pazHOpoI-
HBIE OIIMOKH, TOJIBKO YaCTh M3 KOTOPHIX MOXKHO INPSIMO OIICHUTD 110 MMEIOIIMMCS JaHHBIM. ATIOCTEPHOPHBIH
aHaJIM3 TIOTPELIHOCTEH ToKa3all, YTO UX WHTErpalibHbIH a3 ekt cocrapisier nopsaka 10% oT BeTMYUHBI OC-
HOBHBIX cllaraeMbIx Oroykera Teruta BKC.

OTMeTHM, YTO TIPU aHaIH3e cpeaHeronoBoro oromkera Temia BKC B mpaByro yacth ypaBHeHus (1) Taxxe
BXOJISIT KOBAapHAIMN CE30HHBIX (DIIyKTyalnii KOMIIOHEHTOB BEKTOpa TEUSHUH M rpaueHToB Temneparypbl BKC
(UT, VT, ) .,/ H ) 1 HEOTIPE/ICICHHOCT! OLICHOK CPEHETO/IOBBIX II0TOKOB TCILIA HA BEPXHEH U HIDKHEH
rpanunax BKC (5Q0 + 00 ;). Bemmuuna 60, npuHumanack paBHoit 20% ot Benmmunnbl O, [12]. D1y morpem-
HOCTh MOYKHO CUUTATh OLICHKOM CHU3y [13]. M3-3a He3HaunTepHOCTH BKiIaga O, B CPEIHETOJ0BOM OFOIDKET Te-
wia BKC nHa Oonpimeii yacti akBatopuu CeBepHON ATIAHTHKHU MOTPEITHOCTD €T0 OLICHKH HeIIPUHIIUITHAIBHA.

Bananc Termia B BKC Ha MeXroioBoM-ecsTHICTHEM MaciiTade kBasucTanuonapeH. OH B OCHOBHOM 00-
YCIIOBJICH U3MEHEHUSIMH a/IBEKTUBHBIX IIEPEHOCOB TEIJIa ¥ TOPU3OHTAIBHOIO BUXPEBOTO nepeHoca. Ilpuuem
MaKCUMaJIbHBIN BKJIa]] TOPU30HTAIBHON BUXpeBOW MH(D(Y3UH B MEKIOI0BYIO H3MEHYMBOCTD CPEIHET0/I0BOM
temrieparypsl BKC ormeuaercs B ceBepo-3anannoi yactu CeBepHoi AriaHTuku u obnactu CyOnonspHoro
LUKJIOHHYECKOro kKpyrosopota. JlokansHoe usmeHeHue temneparypsl BKC u Bkiaa TEIuioBbIX MOTOKOB Ha
HwkHell rpanunie BKC B usmenenue cpeanerononoit remneparypsl BKC He3HaunTensHbl. Bkiiaa TeminoBbIx
motokoB Ha BepxHeit rpanuiie BKC Ha Oonbiieit yactu akBaropuu menbiie 30%. BMmecTe ¢ TeM B OTHEIBHBIX
paiionax oH npesblinaet 40% (Harpumep, B 30He peuupKyisuun [onbdeTpuma 1 BOCTOYHOM 4acTh cyOTpony-
YEeCKOro KpyroBopoTa).

OreHka ciaraeMbIX ypaBHEHHMs TEIUIOBOTO OajlaHca 10 CPEIHErOI0BBIM JJAHHBIM MOXKET CYIIECTBEHHO
OTJIMYATHCS OT OLICHOK, MOJTYYEHHBIM 110 €KEMECSYHBIM MOJISIM. Takoe pacxo/ieHHe B OCHOBHOM 00YyCJIOBIIE-
HO HAJIMYMEM TECHOH B3aUMOCBSI3H MEXy (IyKTyalssMi KOMITOHEHTOB BEKTOPA TEUSHUH U TPAJJUEHTOB TEM-




nepatypsl BKC Ha ce3oHHOM MacmTabe B OTACTBHBIX pernoHax CeBepHO ATIaHTHKH, 0COOCHHO B HU3KHX
mmpoTrax. B meHTpansHOi 1 BocTouHON yacTax CeBepHOW ATIAHTHKU BaXKHBI TaK)KE IMOTPEITHOCTH, CBI3aH-
HBIE C HETOYHOCTBIO OIICHOK CPETHETOJJOBBIX TTOTOKOB TEIIa HA TOBEPXHOCTH OKEaHa.

Ha 3naunTensHON yacTu akBatopun CeBepHON ATIAHTHKH (32 MCKITIOYCHHEM OOIAacTH CyOIIONISPHOTO
KPYroBOpOTa) JIOKAJIbHBIE PON3BOAHbIE TemnepaTypsl BKC Maibl o cpaBHEHHUIO ¢ ITABHBIMH CIIaracMbIMHU
ypaBueHus Oromkera Teruta BKC Ha npoTspkernn Oombineit wact roga. OCHOBHBIE ClTaraeéMbIe B ’TOM ypaBHE-
HUM Ha aHAJIM3MPYEMBIX MacIiTabax CBA3aHbI C HEJIOKAJIBLHBIMU MPOIECCaMH — a/IBEKIMEl Tema (TOpru30H-
TaJbHON M BEPTHKAIBHON) M TOPH30HTAIFHON BHUXPEBOH Muddy3ueil. Bapuaum TemIoBbIX TOTOKOB Ha MO-
BEPXHOCTHU OKEaHa Ba)KHbI BHE 30HbI JICHCTBUS CTPYHHBIX TEUEHHUH B CyOTPOIIMIECKOM U CyOTIONSIPHOM KpyTO-
BOpOTax (@ JeTOM, B IEPUOJ OCIA0NCHNUS IUPKYISIIUU BEPXHETO CIIOS, U B OKPECTHOCTH MHTCHCUBHBIX Tede-
HUi). B Tpormmdeckoii 30HE 3TH BapHaIliy HE BHOCST CYIIIECTBEHHOTO BKiIaza B OromkeT Terta BKC Ha mpots-
JKeHUHU Oompinei yactu roza. [lotokn teruta Ha HIbkHEH rpanniie BKC BakHBI Ha 3THX MacmTabax TOIBKO B
TIEPUOJI Pa3BUTHSI NHTEHCUBHON OCEHHE-3MMHEN KOHBEKIIMH Ha YAaCTU aKBaTOPHH CyOMOJISIPHOTO KPYroBOpOTa
1 BECHOM B OKPECTHOCTH MeXIaccaTHOro NpOTUBOTEUEHUSI.

Jucnepcns, XxapakTepu3yolasi '3MEHYNBOCTh KOMITOHEHTOB OtoykeTa Teruia BKC Ha MexxronoBeix mac-
mradax, ¥ BKJIAJ KaXJ0H U3 KOMIIOHEHTOB B MN3MEHEHHE TEMIIEpaTypbl BepxHero ciiosi CeBepHOH ATIIaHTUKH
CYIIIECTBEHHO 3aBHUCAT OT ce30Ha. [Ipu 3TOM MexkrozoBas n3MeHInBOCTH TeMiepaTypbl BKC Ha 3HaunTensHOM
YaCTH aHAIN3UPYEMOI aKBaTOPUU B OCHOBHOM OIPEJEINACTCS HEIOKATbHBIMHU IPOLECCAMH — aJJBEKIINCH Te-
IUIa ¥ TOPU30HTAIBHBIM TIEPEMEIINBAHIEM. VICKIIOUeHHE COCTABIAET 00NacTb CyOMONIPHOTO KPYyroBOpoOTa,
TJIe Ba)XHBI HECTAI[MOHAPHOCTH (0COOCHHO BECHOI) M IMOTOKHM TEIUIa Ha BepXHEH m HIvkHeH rpanumax BKC
(TmaBHBIM 00pa30M, 3UMOM M OCEHBIO COOTBETCTBEHHO).

Taxum 00pa3oM, B MEKXTro0BOI N3MEHUINBOCTH TeryioBoro 6amanca BKC BakHyI0 poibp UTparoT HeEo-
KaJIbHBIE MTPOIIECCHI, TAKHE KaK aABeKIus U quddy3ns Tema. BiusHne MoTOKOB Teria Ha MOBEPXHOCTH OKea-
Ha Ha YKa3aHHBIX MaclITabax HOCUT PETHOHAIBHBIN XapakTep.
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SESSION 2

Construction of predictive models in the study
of meteorological parameters of the atmosphere
surface layer

'Soltaganov N.A., 'Sherstnev V.S., “Botygin L.A., “Tartakovsky V.A.

' National Research Tomsk Polytechnic University, Tomsk, Russia
? Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: nasoltaganov@yandex.ru, vss@tpu.ru, bia@tpu.ru, trtk@list.ru

series is a quantity that depends on the qualitative characteristics of the time series, selected forecasting
models, expert qualifications, the availability of software and hardware for the implementation of model
algorithms and other factors.

There are a large number of different models for forecasting time series: regression forecasting models,
autoregressive prediction models (ARIMAX, GARCH, ARDLM), exponential smoothing models (ES), maxi-
mal similarity model (MMSP) models, neural network models (ANN), models on Markov chains, models on
classification-regression trees (CART), models based on genetic algorithms (GA), models on reference vectors
(SVM), models based on transfer functions (TF), models on fuzzy logic (FL ) and etc.

In the present work, the Prophet library from Facebook was used to build an additive regression model and
the StatsModels library for constructing an autoregressive model. In this case, the programming language Py-
thon 3.5 was used. The execution of the program code (data processing, charting and mathematical calcula-
tions) took place in the Jupiter Notebook interactive environment ..

In the quality of the input data, time series of the "precipitation sum" parameter were used from the meteo-
rological station, which is located in Tomsk. The data files were taken from the site of the Federal Hydrometeo-
rological Service "VNIIGMI-WDC" Roshydromet. The received data was converted for more convenient use
in local storage.

Software experiments were conducted for data on Tomsk station with observation dates from 1966 to
2016.

To test the stationarity of time series, the DF test (the basic Dickey-Fuller test) was used. The construction
of the seasonal integrated model of the autoregressive moving average (model SARIMA) is given. The model
implements one of the most common methods for analyzing and forecasting time series. The forecast for the
next two years is presented. The simulated values are in an acceptable range.

F orecasting time series is quite a popular analytical task for today. The accuracy of predicting the time

[NocTpoeHme NPorHO3HbIX Modeneun Npu nccregoBaHNn
MeTeopOosIorMyYecKmnx napameTpoB NMPU3eMHOro cJ1of
aTMocdepsl

'ContaraHos H.A., 'WepcThés B.C., "“Botbirnk U.A., “TaptakoBckuii B.A.

" HaumoHanbHbIii uccnepoBatenbckuit TOMCKMiA nonuTeXHUYeckuii yHusepcutet, ToMck, Poccua
? UHCTUTYT MOHMTOPMHIa KTUMaTUYECKMX U 3Konornueckux cuctem CO PAH, ToMck, Poccua
E-mail: nasoltaganov@yandex.ru, vss@tpu.ru, bia@tpu.ru, trtk@list.ru

HUH JCHb. TouHnocTh IIPOrHO3MPOBAHUA BPEMCHHOTO ps/ia — BEJIMYWHA, 3aBUCAIIAsA OT KAYECTBEHHBIX Xa-
PaKTEPUCTHK BPEMEHHOTO Psifia, BEIOPAHHBIX MOJIENel POrHO3UPOBAHUsI, KBAIM(HUKALIMN IKCIIepPTa, JI0-
CTYIHOCTH NPOTrPaMMHO-AMIAPATHBIX CPEJICTB TS PeaI3alliy alTOPUTMOB MOJIEIH U IPYTHX (haKTOPOB.
Cy1iecTByeT OOJIBIIOE KOJMYECTBO PA3IMYHBIX MOJIEIIEH JUIsl TPOTHO3UPOBAHUS BPEMEHHbBIX PSIJIOB: aBTO-
pEeTpeCcCHOHHBIC, PETPECCHOHHBIE, IKCIIOHEHIINAIBHOTO CIIaKUBaHUsA, MapKoBcKue, HefipoceTeBble  1p. [1-
6]. B Hacrosimeit pabote Obla ucmonb3oBana ondmmoteka Prophet ot Facebook mis mocTpoeHus anauTuBHON
perpeccnoHHOM Mozenu n 6ubmamorexa StatsModels s moctpoenus: aBroperpeccuonHoit moaenu [7]. Ipu
9TOM OBLI MCIIOJIL30BaH sI3bIK MporpaMmupoBanus Python 3.5. BeinonHenue mporpamMmmuoro koaa (oopadorka
JAaHHBIX, TOCTPOCHUEC Fpa(bI/IKOB U MaTeMaTHU4YCCKHe BBI‘II/ICJ'[CHI/ISI) MMPOUCXOOUIN B HHTepaKTHBHOﬁ cpene
Jupiter Notebook [8].
B kauectBa BXOOHBIX HTAaHHBIX OBIIM MCITOIB30BaHBI BPEMCHHBIC pAJbI IMapaMeTpa «CyMMa O0CaJKOB)» C
METEOPOJIOTUYECKON CTAHIINU, KOTOpast HaXoAUTCs B T. ToMck. Daiiibl ¢ TaHHBIMU, ObLTH B35THI ¢ calita DI BY

I I POrHO3MPOBAHUEC BPEMEHHBIX PSAA0B — 3TO JOCTATOYHO MOIYJIApHAA aHAJIMTUYICCKA 3a/ia4a Ha CCTOTHSAIII-
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"BHUUT' MU-ML" Pocrunpomera (1. O6amHCK Kamyskckoit oomactn) [9]. IlonydeHnHble qJaHHBIE OBLTH ITPEO-
Opa3oBaHbI A1 OoJIee YI0OHOTO NCTIOTB30BAaHIS B IOKATFHOE XPAHUIIUIIIC.

[TporpaMMHBIe SKCHEPUMEHTHI IIPOBOIMIIMCH ISt JAHHBIX 110 CTAaHIUH TOMCK CO CpOKaMH HAOIIOICHHS C
1966 roga mo 2016 rox.

Ha puc. 2 npencrasnen rpagpuk cymm ocaakoB ¢ 1966 mo 2008 rr., 3Hauenus Bapsupyorcs ot 20 mo 170
MIJUTIMETPOB.
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Puc. 2. CyMMbl 0CafiKOB CO CTaHLMM C CUHOMTUYECKUM MHAEKCOM cTaHumm 29430 (ToMck)

Jlyist MpoBepKHU cTanMoHapHOCTH Hcroib3oBaiics DF-tect (6a3oBbiii Tect Jnkku-dymnepa), KOTopblit
MPOBEPsET HAINYHME OJHOTO «EIMHUYHOTO KOpHS». B ciydae, ecnu mporecc UMeeT HECKOJIBKO «EIMHIUYHBIX
KOpHEW», TPOBEpKa MOXKET OKa3aTbCsl HEKOppeKTHOH [7]. Ha mpakTuke Bompoc perraeTcs mociae0BaTeabHoil
MIPOBEPKOH € MOMOIIBIO TECTAa BPEMEHHOTO Psi/ia B YPOBHSAX, B IEPBBIX PA3HOCTAX, BO BTOPHIX PA3HOCTAX U T.1I.,
YTO MO3BOJISIET TAKIKE OMPEICIUTh MOPAI0K HHTEIPUPOBAHHOCTH BPEMEHHOTO pAJIa.

Juis mpoenennst DF-tecta B monyne statsmodels ects ¢ynxuumst adfuller(). IMTapamerpsr dyHKInN
adfuller():

statsmodels.tsa.stattools.adfuller(x, maxlag=None, regression='c', autolag="AIC', store=False,
regresults=False)

[TporpamMMmHBIi Ko 0OpaleHus K GyHKINU:

sm.tsa.stattools.adfuller(data['num_data'])[1]
sm.tsa.seasonal decompose(data['num_data']).plot()
print("Kpurepuii luxu-Oymnepa: p=%f" % sm.tsa.stattools.adfuller(data['num_data'])[1])

B namem cnyudae psij craiioHapeH, Tak Kak kpurepuil Juku-@ymiepa orBepraeT rurnore3y HecTaluo-
HapHocTH. Ha puc. 3 npencrasnenst rpaduku tecra JJuku-dynnepa, Bce OHU cTallMOHAPHBL. Tak KaKk OTCyTCT-
BYeT HallpaBJIeHHOCTh rpaukoB (TpeH[) W 3Ha4YeHUs Ha rpadukax komeodmorcst Bokpyr 0. O6 oTcyTcTBUH
CTallMOHAPHOCTH CBUAETENILCTBYET M 3HaUeHHE p paBHoe 0.

Mopaens SARIMA — ce30HHass HHTETPUPOBAHHAS MOJIETh aBTOPErPECCUU CKOMB3SAIIEro cpeaHero. Mo-
JIeTb peaji3yeT OIMH U3 HauboJiee pacnpoCTPaHEHHBIX METOJOB aHaIM3a M MPOTHO3UPOBAHUS BPEMEHHBIX
psanoB. Bung Monenu onpenensiercs mo koppenorpamme (puc. 4.). Koppenorpamma — 3to rpaduyeckoe mpe-
CTaBJICHHE aBTOKOPPEISILMOHHOMN (QyHKIMHU. J{J1s1 HOCTPOCHUS COOTBETCTBYIOIIMX KOPPEIOrpaMM HCIIO0JIb30Ba-
mck pynknun: plot acf() u plot_pacf() makera statsmodels.

[TporpamMMHBIi KO 0OpameHus K GyHKINH:

ax = plt.subplot(211)
sm.graphics.tsa.plot_acf(data['num_data'][13:].values.squeeze(), lags=58, ax=ax)
ax = plt.subplot(212)

sm.graphics.tsa.plot pacf(data['num_data'][13:].values.squeeze(), lags=58, ax=ax);
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B nannoMm ciryuae 3aryxaromuii rpa¢puk ACF u BeIOpocs! Ha niepBeIX Heckonbkux narax PACF cBupe-
TENBCTBYIOT O TOM, YTO 3TO MOJIENb aBTOperpeccuu. Taxke BEIOPOC Ha ABEHA/IIATOM JIare B YaCTHOW aBTOKOP-
PpeNAINOHHON (QYHKITIH TIOKA3bIBaeT HaH4IHe |2-3BEHHOHN CE30HHOCTH.

TomyOpiM 11BeTOM Ha rpadukax OTMEUCH KPUTHYSCKUI WHTEpBaJI, B rpeaenax kotoporo 3HadeHust ACF u
PACF cuuTarorcs He OTIHYAIOIIMMUCS OT HYJIS.

Hmns mogenn SARIMA ncnonb3yIoTcst BXOTHBIE TApaMETPhI: p — aBTOperpeccust (OpsIIoK), d — pa3HOCTh
(TTIopsAI0K), ¢ — CKONB3dIIIee cpeHee (MOPsIOK), P, — TOPSIIOK CE30HHOW aBTOPETPECCHH (IOTTOTHUTEIBHBIN),
D, — mopsAn0K (TOTIONMHUTENBHBIN) CE30HHOH pa3HOCTH , O, — CE30HHBIH MapaMeTp (TOMOTHUTENBHBIN) CKOb-
3stmiero cpeanero. [lpumenenne mapameTpoB d 1 D onpeessieT, CKOIBKO pa3 ObLI0 MPIMEHEHO 00bIaHOe AH(D-
(epenmpoBanue (d) 1 CKOIBKO pa3 ce3oHHOE (D).

Janee 3amaem Ha9aIpHBIC TPUOIIKEHHS COTTACHO KOppesorpaMMe IS mocTpoeHust moaenu: Qs=2, g=1,
P.=2p=2.

Hauansnoe npubmmkenne it O, TaeT MOCISAHNN 3HAYNMBIN CE30HHBIH J1ar (T.€. BEIXOAUT 32 paMKH KpH-
THYeCcKoro uHTepBana) Ha rpaduke ACF, nms onpeneneHus ero HyKHO CMOTpeTh Ha jaru: 12, 24, 36 u T.a.
3necs O, = 1, T.X. MOCIIeAHNH 3HAYNMBIH JIar paBeH 12.

Ecnu B Mozienu ecTh Ce30HHBIN KOMIOHEHT (O, >= 1), TO ¢ He MOXKET OBITH OOJIBINE, YEM THHA CE30HHOTO
neprona (3meck 12). Ecnu g BBIOpaTh paBHBIM 13, a AniHA Ce30HHOTO TIeproaa OyaeT paBHa 12, To MPOTHO3,
ITOCTPOCHHBIN 1O TAKOH MOJIENH, OYICT TIOXHM.

Ha puc. 8 mpezacTapiena mydinas MOJIENIb IPOrHO3UPOBAHUS 32 BeCh Neprol. CHHSSI TUHUS — 3TO (DaKTH-
YeCKHe 3HaYCHUs, KPacHasi — 3TO CMOJICTIMPOBaHHBIC 3HaYCHUs. BUHO, HACKOIBKO XOPOIIO MOJIENb ONMCHIBAET
JaHHBIC. BUTHO, 4TO MakCHMaJIbHBIE 3HAYEHHSI CIIPOTHO3UPOBATH HE YIAJIOCh.

. . — . . L v, o Py
ey um 189 w 09 af et & & £ £

Puc. 7. Mogenb SARIMA 3a Becb nepuog Puc. 8. lporHo3 Ha cnegyowme aBa roga

IMocTpoeHHas Moiesb moka3aia ceOs JOCTaTOYHO
s ¢extuBHON. B menom, maker Statsmodels Bmomne
MIPUTOZICH JUISl HAyYHOH pabOoTHI.

Ha puc. 8 npezacraBneH nporsos Ha cieayo-
1Ue J1Ba roja. 3/1ech, Kak U Ha MPeAbLIYIIUX PH-
CYHKax, BHJIHO, YTO CMOJETMPOBAHHBIC 3HAYCHUS
HaXOJSITCS B IPUEMIIEMOM JIMarna3oHe.
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Anthropogenic elements of heat and water balance
of large cities (case study of Moscow)

Tereshin A.G., Klimenko V. V.

National Research University «<Moscow Power Engineering Institute», Russia
E-mail: TereshinAG@mpei.ru, nilgpe@mpei.ru

the field of climatic and meteorological modeling [1-2]. The high intensity of anthropogenic impact on

the urbanized territories significantly increases the contribution of anthropogenic factors (both direct
and indirect) to meteorological processes [3]. Adequate heat and mass transfer modeling in urban areas requires
a realistic assessment of anthropogenic heat and moisture fluxes from different sources [1-2].

This paper presents the assessment of the anthropogenic contribution into the heat and water balance of
the cities from various sectors — space heating, power and transport. On the basis of data on different fuels
consumption and analysis of technological processes the monthly values of heat and moisture fluxes into the
atmosphere are calculated and compared with natural components of heat and water balance.

The input data of the study are urban energy statistics, i.e. annual consumption of different types of energy
resources (fossil fuels - coal, natural gas, fuel oil, and heat and electricity), as well as territorial (by administra-
tive areas) and the monthly distribution of production and consumption of heat and electricity.

We present a simple technique using standard energy data count to obtain spatial-temporal distribution of
anthropogenic heat and water flows in urbanized areas. Its use in the case study of Moscow indicates that the
man-made sources are essential elements of heat and water balance of the urban environment, especially in
winter. In the ground comes around 30% of the total annual volume of heat distributed across year almost
evenly. The annual anthropogenic heat and water vapour flows in Moscow are by an order of magnitude smaller
than the regional norms of solar radiation and natural evaporation respectively, but in winter the magnitude of
anthropogenic and natural inflows are comparable.

Growing urbanization and features of microclimate of large cities are of particular interest to experts in

A study was supported by the Russian Science Foundation (grant No. 16-19-10568). V.V. Klimenko ac-
knowledges the Ministry of Science and Education of Russia for financial support (state task No.
13.4662.2017)
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AHTpoOMoreHHble 3/1EMEHTLI TEMJIOBOIO M BOAHOI0 banaHca
60nblUMX ropoaos (Ha npuMepe MocKBbl)

TepewwH A.l'., KnumeHko B.B.

HaumoHanbHbIM uccnegoBatenbckuit yuusepeutet «M3U», Mockea, Poccus
E-mail: TereshinAG@mpei.ru, nilgpe@mpei.ru

BaIOT OCOOBIN HHTEPEC Y CHEINATNCTOB B 00IaCTH KITMMATHYECKOTO U METEOPOIOTUIECKOTO MOJICITHPO-

BaHU [1-2]. BeIcOKast INIOTHOCTH aHTPOIMOTEHHONW HATPy3KH Ha YpOaHW3MPOBAHHBIX TEPPUTOPHUAX CY-
IIIECTBEHHO YBEJINYMBACT BKJIAJl aHTPOIIOT€HHBIX (PaKTOPOB (KakK MPSIMBIX, TAK ¥ KOCBEHHBIX) B METEOPOJIOTH-
yeckue nporecchl [3]. HeoOXoauMbIM yCIIOBHEM aJIeKBaTHOTO MOICITUPOBAHUS TEIIJIOMACCONepeHOoca B TOPO/I-
CKHUX arfioMepalusix sBISeTCs PealuCTUYHAS OI[EHKa aHTPOIIOTEHHBIX TOTOKOB TEIJIa U BJIATH U3 Pa3JINnYHBIX
HCTOYHUKOB [ 1-2].

PaaBHBanmaleﬂ ypbaHn3anus 1 0COOEHHOCTH MUKPOKIMMAaTa KPYITHBIX TOPOJICKUAX TEPPUTOPHUIL BBI3BI-
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B HacTosmeit pabote mpeacTaBIeHB OIICHKHA aHTPOTIOTEHHOTO BKJIaa B TETUIOBOM M BOIHBIN OajaHC TO-
POIOB pa3IMYHBIX CEKTOPOB TOPOICKOTO XO3AHCTBA — TETIIOCHAOKEHNS, AIEKTPOIHEPTETHKH, TpaHcopTa. Ha
OCHOBE JAHHBIX 110 TIOTPEOJICHUIO PAa3IMYHBIX BUAOB TOIUIMBA M aHAJTN3a TEXHOJOTHYECKUX IPOIIECCOB pac-
CUNTaHBI 00BEMBI TETIIa U BIIATH, TOCTYMAIONINX B aTMOC(epy Mo MeCsIIaM Tofa, BEIOTHEHO CpaBHEHHE C ec-
TECTBEHHBIMU KOMIIOHEHTAMH TEIJIOBOTO M BOJHOIO OallaHca.

NCXOOHbIE OAHHBIE

WudopmannoHHoi 6a30it pabOTHI SBISIOTCS TAHHBIE TOPOICKOI SHEPTETHIECKON CTaTUCTUKH — OOBEMBI
©KETO/IHOTO TOTpeOJICHNsT Pa3INuHbIX BHJOB TOIUIMBHO-dHEpreTnieckux pecypcoB (TOP) (opranmueckoro
TOIUTMBA — YTJIsI, IPUPOJHOTO r'a3a, HeTSHOTO TOIUINBA, TEINIOBOW 1 ANIEKTPHUECKON SHEPTUH), a TAKXKE TEPPH-
TOpHaNbHOE (10 AAIMUHUCTPATUBHBIM paifoHaM) M BHYTPUTOI0BOE (110 MecsIaM) pactpe/ie/ieHne MPOU3BO/ICT-
Ba M TIOTPEOJICHNS TETUIa U 3IEKTpodHeprud. Ilepsast rpymnma JaHHBIX coAepKUTes B Oa3e maHHBIX Poccrara,
Jutst (POPMHUPOBAHKSI BTOPOTO MacCHBa OBLT BHITIONHEH aHAJIN3 OTYETHBIX MAaTEepUalioOB PETHOHAIBHOW IHEPTo-
cucteMbl (MOCIHEPTo) M TOPOJICKON aJMIHUCTPAIHH.

Ha puc. 1 (a) mpencrapieHa muHAMHAKA 00BEMOB U CTPYKTYPBI TIOTPEOICHUS (TOCTaBKH M3BHE) pa3ind-
HbIX BU0oB TOP B . Mockse B 2000-2015 rr.
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Puc. 1. NMoctynnenua T3P Ha TeppuTopmio MocKBbI (a) 1 YNPOLLLEHHBIV TOMIMBHO-3HEpPreTUYecKkmMii banaHc Mockeel (6) B
2000-2015 rr.

S OFTD S wA . . . Tas

Kak BuaHO n3 puc. 1(a), 0CHOBOH TOIIIMBHO-3HEPTETUYECKOro OagaHca MOCKBBI SIBISETCS MTPUPOAHBIN
ra3 (mpumepHo 80% OT IPUXOHOI YacTh), ele 0koa0 5% MPUXOAUTCS Ha TOCTaBKU TEIJIOBON dHEPTUH, IPO-
M3BOJIMMOM 32 MpejiesiaMy FOPOJICKON YePThI, M B IOCIIEIHUE TO/Ibl B PE3YJIbTATe CHIKEHUsI BBIPAOOTKH TOPOJI-
ckux TOII yacth anexkrposHeprun (0koio 5% OT CyMMapHOTO 3HEpromnorpedieHust) moctynaet u3sHe. [Ipa-
KTHYECKH BECh 00BEM MOCTYyIaoUIero B MOCKBY MPUPOHOTO T'a3a UCIIOIb3YETCs Ul MPOU3BOCTBA TEIIa U
ANIEKTPOIHEPTUH, Ha ITPOUYHE MPOLECCHI (TEXHOJIOTHYECKHE U KOMMYHaJIbHO-OBITOBBIE) TIPUXOIUTCSI MeHee 5%
Bcero oobema TOP (puc. 1(a)). Hegrenponykrst (mpumepro 10%) (0eH3MH 1 T13elIbHOE TOIUIMBO) UCIIONb3Y-
I0TCSl Ha TPAHCIOpTE. 3HAYUTEIbHBI TepMOAHaAMUUeckue orepu dHeprun Ha TOL] (oxono 45%) u Ha aBTO-
Tpancnopte (10 75%).

Puc. 2 neMOHCTpUPYET CYILIECTBEHHYIO CE30HHYIO HEPaBHOMEPHOCTh MOTPEOICHHS TEIUIOBOM 1 3JIEKTPHU-
YEeCKOH PHEPTUH: HEKTPONOTpedIeHNEe B 3UMHIAE MECAIIBI MIPEBBIIIACT JeTHHH ypoBeHb Ha 30%, a Temomno-
TpebieHue — 6onee geM B 3 pasa.

L

.

.
= B

- - - [ : : - .
LA EE PSS A FEF &

Puc. 2. 06beMbl MecAYHOro NoTpebneHna anekTposHeprum (a) u Tenna (6) B Mockee B 2015 .
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SESSION 2

METOOMKA PACHETA

OCHOBHBIMH NCTOYHUKaMH1 TEXHOT€HHBIX MOCTYIUICHHH TETJIa B OKPY’KAIOIIYIO CPEY TOPOJIOB SBIISIOTCS
CIIe/TyolIHe:

TepmoanHaAMUYECKHE TIOTEPH TEIUIOBBIX IIUKJIOB 3IEKTPOCTAHIINI 1 IBUTATENICH HAa TPAHCIIOPTE

[ToTepn TemyIOBOM M AIEKTPUIECKON PHEPTHU MPHU €€ TPAHCIIOPTUPOBKE U PACTIPENICIICHNH, @ TAKKE TPH
TIPOM3BO/ICTBE TETIIA B KOTEIBHBIX

Juccumnanys SHepTuH OT 3AaHUH M COOPYKEHUH, TPAHCTIOPTa ¥ BOZOOTBEACHHS

Boa TeXHOTEHHOTO MPOMCXOXK/ICHNS MTOCTYNAeT B aTMOc(epy TOpoioB B OCHOBHOM TP CKUTAHWU TO-
IJIMBA U 3a cYeT ucnapenus B rpaaupusax TOC.

J17151 OLIEHKH TIOTOKOB TETUIA M T1apa B OKPY’KAIOIIYIO CPEey OT EPEUNCICHHBIX HCTOYHUKOB (J; UCTIOB30-

Bayack oomas hopmyna P
Qi :2]{ lj Btj
J

,

e B/ — xonuuecTBeHHAs XapaKTEPUCTHKA HHTEHCHBHOCTH j-TO IIPOLECca UIS i-T0 HCTOYHUKA, K — KO-
sddurment pacuera. Jlns Gopmuposanus kod3huumentos k' ucrnonb3opanuck craHapTHIE METOIMKU pac-
YETOB TEIIOBBIX 0AJaHCOB U aTMOC(EPHBIX BEIOPOCOB B IHEPIETHKE.

Hcnonp3yemble mokaszarenn 1 pacdeTHble KodQduireHTs! 1t MOCKBBI Ipe/ICTaBIeHbI B Tabmumnax 1-2.

Ipu pacyerax UCHOJIB30BAIKUCH CICAYIONINE NOMYIICHHS:

- pacxoz MOTOPHOTO TOILIMBA, a TaKoKe NoTpedlieHne TemIa Ha ropadee BogocHabxenue (I'BC) pacnpene-
JICHBI 110 TOJly PaBHOMEPHO;

- 3JIGKTPUYECKasi ¥ TEIIOBasi SHEPTHsL, UCIIONb3yeMas JJIsl MEXaHHYEeCKOW padOThI, B KOHIIE KOHIIOB JIUCCHU-
IHUPYeT B BUJIE TEIUIa B OKPYKAIOILYIO CPELy

- TEIJIOBBIE OTOKH OT IOTEPH [IPU TPAHCIIOPTHPOBKE U PACIIPEICIICHNH TEIlIa, a TAKXKEe IPH BOIOOTBE/Ie-
HUH HalpaBJIeHbI B TPYHT, OCTaJIbHbIE — HEMIOCPEICTBEHHO B aTMOChepy.

Tabnuua 1. XapaKkTepuCTUKM aHTPOMOreHHBIX 31EMEHTOB TeMoBoro 6anaHca MocKBl.
Bi ki

HaumeHoBanme Ea. u3m. | 3Hauenue En. u3m.

HcTouHuk

(a) O6vem noTpebneHNs TOIINBA Ha

THC TY.T. 2.9-10" IJx/T y.T.

(1) Tepmogunamugeckue norepu TOC
(6) O6BeM mpon3BoOCTBA «Bru 3.6:10° TTx/kBra

SIIEKTPOIHEPTHN
(B) 06bem otmycka Teruia oT TOL] I'kan 4.2:10° I Tx/T'kan

(2) TepmogrHAMHUYECKHE TOTEPU O06beM nmoTpelIeHnss MOTOPHOTO — 2210% T/t y.r.

Ha TPAaHCIOPTE TOIUIMBA

(3) [oTepu TemIOBOH SHEPTUH IPU CyMMapHbIii 00beM OTITyCKa Teruia Ixan 50107 T/ Tan

TPaHCIIOPTUPOBKE U PacHpeICICHUN ot TOLI 1 KoTenbHBIX

(4) [ToTepu >AEKTPHYECKOM SHEPTHN
O6beM noTpebneHus 10
IIPU TPAHCIIOPTUPOBKE KBty 3.6:10 ITJTx/xBtu
JEKTPOIHEPTUH
U pacrpe/eIeHin

(5) IloTepu npu MpoU3BOACTBE TEILIA

O0beM OTITyCKa TEIUIa OT KOTEIBHBIX ['kan 7.4-107 T Tox/Tkan
B KOTEJIbHBIX

(a) CymmMapHbIii 00bEM OTITyCKa

I'kan 3.6:10° TTJTx/Tkan
(6) Auccumnanms SHEPTUU OT 31aHHIA tera ot TOI u koTenbHbIX
U COOPYKEHHI
Py (6) O6bem noTpedeHust «Bru 320" TTx/kBra
AIEKTPOIHEPTUHI
(7) Auccumnanust s3HEprun O0bem noTpebieHns MOTOPHOTO TyL 73-10-5 T/t y.r.
Ha TPAHCIOpPTE TOILIMBA

(8) Auccumnanus sneprun

O0beMm notpedieHus teria Ha [ BC I'kan 4.2-10-6 T Tox/Tkan
[PU BOJIOOTBEICHUH

Taﬁnuua 2. XapaKTepVICTVIKVI aHTPOMOreHHbIX 3/1eMEeHTOB BOAHOI0 6anaHca MockBbl

(1) Cxuranue Torumea (a) O6bem noTpebieHns raza TY.T 1.4 T/TY.T.
Ha CTALMOHAPHBIX 00BEKTAX (B) OGBeM noTpebiIeHus Ma3yTa TY.T. 0.8 T/TY.T.
(2) Cxuranue TOIIIMBA HA TPAHCIIOPTE g)?_i_ﬁi:mpemeﬂﬂﬂ MOTOPHOTO TY.T. 0.9 T/TY.T.

O0beM POU3BOACTBA
JNEKTPOIHEPIHU

(3) Ucnapenue rpagupen TOC kBTtu 0.022 T/kB14




PE3YJ/IbTATbI 1 OBCYHOEHNE

Ha puc. 3 (a, 6) mpeacraBieHa CTPyKTypa MOCTYIUICHHS TEIUIa U3 aHTPOTIOT€HHBIX HICTOYHUKOB B OKpYKa-
OIIyI0 cpeny (TpyHT U Bo3myx) B Mockse B 2015 1. M3 prucyHKa cieayeT, 9To B TOPOJIe UL HUX XapaKTepHa
3HAUUTENbHAsI CE30HHAs HEPABHOMEPHOCTh — 3UMHHE TETUIOBBIC TOTOKU TIPEBOCXO/IAT JIETHUE TIPAKTUIECKU B
2 paza. OCHOBHBIMH UCTOYHHKAMH MOCTYIUICHHS TETUIa, & TAKXKE €0 HEPABHOMEPHOCTH SIBIISTIOTCSI CHCTEMBbI
TETIJIO- U 3JIEKTPOCHAOKEHHS, B TO BPEMSI KaK MTOTOKH TEIIa OT TPAHCIOPTA MPAKTHYECKH MTOCTOSHHBI B TeUe-
HHE To/la ¥ COCTABIAIOT 0Koso 15% romoBoro oowsema. IToTokn Temia B rpyHT GOPMHUPYIOTCS U3 TTOTEPh PH
TPAHCIIOPTE TEIUIA U 33 CYET CTOKA TOPSYEro BOZOCHAOKEH M, COCTABIAIOT MeHee 30% cymMmMapHOTro oObema 1
MaJIo 3aBHCSAT OT CE30Ha.

Kak cBHIETENBCTBYIOT JaHHBIE pacueTa (puc. 3, B), OCHOBHBIM TEXHOTCHHBIM HCTOUYHHKOM ITOCTYTIICHHS
BOJISTHOTO T1apa B arMoc(hepy MOCKBEHI SIBIISICTCS CKUTAHUE OPraHWIecKoro TorutiBa (88% OT ro1oBoro rmoroka
MIPUXOANTCS HA CTallMOHApHOE Cykuranue raza u 10% - Ha CKuraHue MOTOPHOTO TOIUIMBA TPAHCIIOPTOM), Ha
WCTIapeHUst U3 TPainpeH NpuxoaAnTcs Juib 2%. Taxke 3MMHIE TEXHOT€HHbIC TIOTOKH BOASTHOTO Tapa mpeBoc-
XOJISIT JISTHUE TIPUMEPHO B 2 pasa.

CpaBHEHHE JaHHBIX pacyeTa aHTPOIIOTEHHBIX M €CTECTBEHHBIX COCTABIISIOMINX TEIIOBOTO M BOHOTO Oa-
JTaHCOB (puUC. 3, T) MOKAa3bIBACT, YTO B IOJI0OBOM MAcIITa0E aHTPOIIOTCHHBIE TTOTOKH TEIUIA COCTABISIOT JIUIIh
15% ot mpuxopsImeit COMHEYHON paananuy, a NOCTYIUICHHE BOASHOTO Mapa U3 TEXHOTEHHBIX MCTOYHUKOB —
MeHee 10% oT ecTecTBEHHOH HCIIapsIeMOCTH, OHAKO /IS THBAPSI ATH MTOKa3aTeNn JOCTHTA0T 95% 1 67% co-
OTBETCTBEHHO. B neTHHMiI mepnoy mpsiMoe BO3ACHCTBHIE TOPOACKON TEXHOC(HEPHI Ha TEIUIOBOI W BOIHBIN Oa-
JaHC TIPEeHeOpeKUMO MaJIo (Ha ypoBHE 3-5% OT €CTECTBEHHBIX COCTABIISIOIINX ).

(= Rt 3 oo
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Puc. 3. lMoctynnenus Tenna (a, 6) 1 Bogbl (B) U3 aHTPONOreHHbIX MCTOMHMUKOB B OKPYHatoLLyto cpeay B Mockse B 2015 T. 1 ux
CPaBHEHWE CO CPEHMMM 3HaYEHWAMM eCTECTBEHHbIX OTOKOB — COSHEYHO PaZMaLMmM Ha FOPU30HTabHYI0 NOBEPXHOCTb Q
1 ucnapsemoctu E (r).

BbIBOAbI

[IpencraBnena npocTas METOUKA, MO3BOISIIONIAS C UCTIOIB30BaHUEM CTAHIAPTHBIX MACCUBOB YHEPIeTH-
yeckoll MH(OPMAIK PaCCYUTHIBATh IPOCTPAHCTBEHHO-BPEMEHHOE PaCTIpe/IelICHNE aHTPOIIOTEHHBIX TOTOKOB
TeTIIa ¥ BO/IbI Ha ypOaHU3MPOBAHHBIX TEPpUTOPHsIX. Ee ncrnonp3oBanne Ha mpumepe I. MOCKBBI OKA3aJ10, 4TO
TEXHOTCHHBIE HCTOUYHHMKH SIBJISIFOTCS CYIIECTBEHHBIM AJIEMEHTAaMH TEIUIOBOTO M BOAHOTO OajlaHca rOpOACKOM
cpernbl, 0COOCHHO B 3UMHHI nieprof. B rpyHT nocrymaer nmpumepro 30% cymMMapHOTo rogoBoro odbema Te-
TUTa, PAcTIpe/IeIICHHBIX 110 TO/Ty TIPAKTHYECKH PABHOMEPHO. AHTPOIIOTCHHBIE TOI0BBIE TIOTOKH TEIIa M BOJISTHO-
ro napa B MoCKBe Ha MOPAJOK MEHbILE, YEM PErHOHAJIBHBIE HOPMBI COTHEUHON PaJUallid U €CTECTBEHHON
HCIIapsIEMOCTH COOTBETCTBEHHO, OJJHAKO B 3UMHUH TIEPHO/] BEIMUNHBI aHTPOTIOTCHHBIX U €CTECTBEHHBIX BKJIa-
JIOB COIIOCTAaBUMBI.
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SESSION 2

Pesynomamvl nonyuenst @ pamkax HayuHo2o npoeKma, noddepacanoz2o Poccutickum nayunvim gporoom
(epanm 16-19-10568). B.B. Knumenko 6nazooapum MunoOpHayku 3a puHancosyro noo0epiucky
(eocyoapcmeentoe 3adanue Ne 13.4662.2017/BY)

Jlumepamypa:

1. WangJ., Fengl J., Yan Z. Potential sensitivity of warm season precipitation to urbanization extents:
Modeling study in Beijing-Tianjin-Hebei urban agglomeration in China // J. of Geophys. Res.: At-
mos. 2015. Vol. 120. DOI 10.1002/2015JD023572

2. Bapenyos M.U., Koncmanmunos I1.1., Camconos T.E. H3yuenue erusnus pacuiupenus 20pooa Ha
mecmublil kaumam Mocko8cko2o mezanonuca no OGHHbIM YUCTEHHO20 Me30MACUMAOHO20
mooenuposanus // Mam. mexco. MOR0OEHCHOU WKOIbL U KOHGD. NO GbIMUCTUMETbHO-
UHDOPMAYUOHHBIM MEXHOT02UAM 01 HAYK 00 oxkpydcatowelt cpede CITES'2017. C. 112-117.

3. Knumenxo B. B., [unzoype A. C., [lemuenxo I1. @., Tepewun A. I, benosa U. H., Kacunosa E. B.
Brusinue ypbanusayuu u nomennienusi KiuMama Ha suepeonompeonenue 60abuux 20pooos //
Jloxnaowr Axademuu nayx. 2016. T. 470, Ne 5. C. 519-524.

NccnengoBaHmna rmapoTepMUYEcKoro peXmma B HUKHEM
bbede KpacHoapcKkom MIC MeTogamMm MaTeMaTUYECKOro
MOe/IMPOBAHNA U ANCTAaHLUMOHHOIO 30HOMPOBaHNA

“lWanapes H.A., ‘lWokun 10.1., "*Arybaitnuk 0.3.

! WHeTtutyT BoiumcnutensbHoro Mogenupoeanua CO PAH, OUL KHL, CO PAH, KpacHospck, Poccua
? UHCTUTYT BbluMCAUTENbHBIX TexHonoruit CO PAH, Hoocubupck, Poccua

* Cbmpckmin hepepanbHbii yunsepeuteT, KpacHoapck, Poccua

E-mail: shaparev@icm.krasn.ru

€TUIOBBIE XapaKTEPUCTUKH PEK U BOJOXPAHWIIHII OOYCIIOBICHBI COUETAaHUEM KIMMATHYECKUX 0COOEH-

HOCTeH palioHa pacIolOKeHHUsT BOIIOTOKA, MOP(HOIOTUYECKUX XapaKTEPUCTHK pyclia U IPYTHUMH Tapa-

MeTpamu. BojHas Macca pek ¥ KaHaJIOB CPaBHUTENLHO OBICTPO pearupyeT Ha U3MEHEHHE METEOPOIIO-
THYECKUX YCIOBUH, HO BCIISICTBHE TETNIOBOM MHEPIIUHU €€ TeMIIepaTypHbBIN X0 0oJiee CIylakeH, ueM TeMIiepa-
TypbI BO3TyXa.

Jnst HmokHEX Obe()OB THAPOATEKTPOCTAHIINM HE3aBUCUMO OT TIEPHOJIa TOAOBOTO ITUKJIA MMPOUCXOJIAT Xa-
pakTepHbIC M3MEHEHHsI TEMIIepaTyphl BOBI 10 JIHHE Obeda. B 3uMHMI TIepHO 0 UTHHE HUXKHETO Obeda
Bona oxnaxaaetcs 1o 0°C. BenencTBue Toro, 4TO BOJIa B BOJAOXPAHMIIUIIE OCEHBIO 00sIaaeT OOIbITIM 3ama-
COM TeIljIa, OCCHHEE OXJIaXKICHUE BOMIBI B HIDKHEM Obe()e OTCTAET 110 CPABHEHHUIO C €CTECTBCHHBIMHE YCIOBHUSI-
mu Ha 10-15 nHeil. B BeceHHe-eTHUI TIEpHO]T BOJIa B HIKHHUX ObedaX X0oJIOoIHEee, YeM B €CTECTBEHHBIX yCIIO-
BHSIX BCIIEAICTBHE OoJiee MEICHHOTO MPOTPEBaHUsI BOJHBIX MacC BOJOXpaHWIHII. Tak, TemmepaTypa BOJIBI
Enuces amke motuasl KpacHosipckoit 'DC B netHuii nepuon craia Ha 8-10°C Huxe, 4eM J10 3aperyInpoBa-
HUS peKH, U, HA000POT, oBBIcKIAch Ha 4-5°C B OCEHHHE MECSIIIBI, YTO CO3/IaJI0 ONPEACTIeHHBIE TPYIAHOCTH MIPH
0CBOEHMHU TipuJieraroteit Tepputopun. [Ipudem, KpacHosipckoe BOIOXpaHUIHIIE BCICJCTBUE €r0 TIITyOOKOBO/I-
HOCTH OKasbIBaeT B 4-5 pa3 Oosblliee BIUSHUE HA TEPMUUIECKUN PEKUM HIKHETO Obeda, ueM, Harpumep, MeJ-
koBogHOe HoBOCHOUMpCKoe.

Ha temmneparypy Bozbl B HikHeM Obede ['DC Taroke O0NbIIoe BIUSHHE OKAa3bIBAET POTOYHOCTH BOJOX-
paHMIHIIA U cxeMa 3abopa Bozbl K TypouHaM I'DC. Uem Goubliie MpOTOYHOCTH, TEM HIDKE TeMIepaTrypa BOJIBL,
MOCTYTAOIICH B HWKHUN Obed. HekoTopoe BIMSHHE HAa TEMIIEpaTypy BOIbI Ha y4acTKaX PEK OKa3bIBAIOT
MeCTHbIC (hakTOpbl. BeencTBie H3MEHEHHS TPO3PAYHOCTH BOBI, CKOPOCTH TCUCHHUS, HAIMIHS WA OTCYTCT-
BHSI BOJAHOW PACTUTENHHOCTH, HATMYUS 3aTEHEHHOCTH BOJIHOM MTOBEPXHOCTH, TEMIIEpaTypa Ha Pa3HbIX ydacT-
Kax PeK OTIINYIAETCs OT (POHOBBIX 3HAYCHUI.

Temreparypa BojbI B peKax U3MEHSETCS M0 UX JuIhHe. J[JIs MHOTHX PEK MOXKHO BBIACITUTH YYaCTKH, TI0
JUTHE KOTOPBIX TEMIIEPATypa BOJIbI OBBIIIACTCSI, CTAOMIIbHA WIIM YMEHBIIAeTCs. ITO 00YCIIOBICHO N3MEHEHH-
MU B COYCTAHWUHU BBIIICTIEPEUHMCICHHBIX (PAKTOPOB, ONMPEICIISIONINX TEMIIEPAaTypy BOIBI B PEKax, MO JIHHE
BOJIOTOKOB.

B pamkax HacTosmiel paboTsl peIokeHa MPOCTas MOJIENb JIETHETO THAPOTEPMHUIECKOTO PEKUMA PEKH
EHuceil, ocHOBaHHas1 Ha BHIYMCIIEHUU TEMIIEPATYPbl BOJbI B ABHXKYILEHCS BMECTE C BOJOM cUCTeME KOOPAU-
HaT. Ou3nyecKd 00OCHOBAHHBIN pacueT YHEPIETHUCCKOro OajlaHca B BOJEC YUMTHIBACT IOIVIOIICHHE BOIOM
COJTHEYHOU DHEPTrUH, U3ITyUSHHE W TIOTTIONIEHHE BOIbI B TeTuioBoM HH(PpakpacHoM (UK) nuanazone, a Takxe
3aTpaThl SHEPTUHU Ha HCTIapEHHE BOJBI M, 00YCIIOBICHHBIN KOHBEKTUBHBIMHU TIpOIleccaMu ee HarpeB. Onpeaensi-
IOIIUMU B SHEPTOOOMEHE SIBIISIFOTCS COJTHEUHAs pauaIis U TEII0Boe HHPPAKpACHOE U3ITydeHHE.


mailto:shaparev%40icm.krasn.ru?subject=

Taxoke IPOBEACHBI NCCIIEAOBAHNS TEMITEPATYPHI BOABI B HIDKHEM Obede KpacHospekoii I'9C mo nanHbIM
JTUCTaHIIMOHHOTO 30HanpoBanng MK-nuamazona cimrytanka Landsat-8. beuto o6padorano okono 40 ciieH ¢ Mast
o ceHTa0ps 2013 — 2017 1. Ha yuacTke p. Exnuceit npotsoxenHoctsio B 200 kM ot urotuasl I'C BHU3 IO Te-
YEHHIO.

[Tomy4eHHsle B pe3ynbrare (pU3NKO-MaTeMaTHIeCKOTO MOJICIIUPOBAHNS U 00pAaOOTKH JaHHBIX JUCTAHIIN-
OHHOTO 30HJUPOBAHMS 3HAYCHUS TEMIIEPATyPhI BOJBI OJM3KU K SKCIICPHMEHTAIBHBIM JTaHHBIM, PETHCTPHpPYe-
MBIM Ha THIPOIIOCTAX, YTO HO3BOJIET CYIUTh 00 aJeKBATHOCTH IIOCTPOCHHBIX MOZICNICH H METOJ0B OIpeierie-
HUS TeMIlepaTypsl Boabl 1o J[/13 peanbHO MPOUCXOIAIIMM I'HAPOTSPMUYECKIM MIPOLIECCaM.

Research of hydrothermal regime in the Krasnoyarsk
hydroelectric power station downstream by mathematical
modeling and remote sensing

"*Shaparev N.Ya., *Shokin Yu.l., *Yakubailik O.E.

" Institute of Computational Modelling of SB RAS, Krasnoyarsk, Russia

? Institute of Computational Technologies of SB RAS, Novosibirsk, Russia
* Siberian Federal University, Krasnoyarsk, Russia

E-mail: shaparev@icm.krasn.ru

INTRODUCTION

Thermal characteristics of rivers and reservoirs are caused by a combination of climatic features of the
district of an arrangement of a water stream, morphological characteristics of a channel and other parameters.
The mass of water in rivers and channels relatively quickly responds to changes in meteorological conditions,
but due to the thermal inertia of the temperature course are smoother than the air temperature.

For the downstreams of hydroelectric power plants, regardless of the annual cycle, there are characteristic
changes in the water temperature along the length of the downstream. In winter, the water is cooled to 0°C
along the length of the downstream. Due to the fact that the water in the reservoir in autumn has a large reserve
of heat, the autumn cooling of water in the downstream lags behind compared to natural conditions for 10-15
days. In spring and summer the water in the lower bays is colder than in natural conditions due to slower warm-
ing of the water masses of the reservoirs. Thus, the temperature of the water of the Yenisei river in the down-
stream of the Krasnoyarsk HPP during the summer period was 8-10°C lower than before regulation of the river,
and, on the contrary, it was increased by 4-5°C in the autumn months, which created certain difficulties in the
development of the adjacent territory. Moreover, the Krasnoyarsk reservoir due to its deep water has 4-5 times
more impact on the thermal regime of the downstream than, for example, shallow Novosibirsk reservoir.

The temperature of the water in the HPP downstream is also greatly influenced by the flow of the reservoir
and the water intake scheme to the turbines of the HPP. The greater the flow, the lower the temperature of the
water entering the downstream. Local factors have some influence on the temperature of the water in the river
sections. Due to changes in water transparency, flow rate, presence or absence of aquatic vegetation, the pres-
ence of shading of the water surface, the temperature in different parts of the rivers differs from the background
values. The temperature of water in rivers varies in length. For many rivers it is possible to select the areas, the
length of which the temperature of the water is rising, stable or decreasing. This is due to changes in the combi-
nation of the above factors that determine the temperature of water in rivers along the length of water streams.

As part of this work, a simple model of the summer hydrothermal regime of the Yenisei river is proposed,
based on the calculation of the water temperature in the coordinate system moving with the water. The physi-
cally based calculation of the energy balance in water takes into account the absorption of solar energy by wa-
ter, radiation and absorption of water in the thermal infrared (IR) range, as well as energy costs for evaporation
of water and due to convective processes of its heating. Solar radiation and thermal infrared radiation are the
determining factors in the energy exchange.

Also, studies of water temperature in the downstream of the Krasnoyarsk hydroelectric power station ac-
cording to remote sensing of the IR range of the satellite Landsat-8 were carried out. About 40 scenes were
processed from May to September 2013 — 2017 on the Yenisei river section 200 km long from the dam down-
stream.

SUBJECT OF RESEARCH

The Yenisei River is the largest in Russia in terms of runoff (599 km’/year) and seventh largest in world
(1.5% of global runoff) [1]. The stream flows in the meridian direction through various climatic zones. The
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SESSION 2

river basin of total area 2.6x106 km” houses the largest region in Russia — Krasnoyarsk Krai. There are 6 hydro-
electric power plants (HPP) built in the basin of the river. One of the them — Krasnoyarsk HPP is among the top
ten world's most powerful hydroelectric power plants (6000 MW) and is the key anthropogenic factor influenc-
ing the Yenisei river. The river dam is 124 m in height and 1065 m in width.

In this report we consider the hydrothermal regime in a 124-km river reach downstream of the Kras-
noyarsk HPP on July 3, 2016. Hydrothermal processes are studied by means of regression models [2], stochas-
tic models, an equilibrium temperature concept, and deterministic models [3]. We apply a physically-based
heat balance modeling approach as it requires minimum additional information, which is of a particular impor-
tance for the poorly developed areas of the Yenisei River basin. The physical heat exchange processes include
absorption of direct and scattered solar radiation by water, absorption of downwelling thermal infrared radia-
tion (TIR) from the atmosphere by the water surface, TIR back from the water surface, convection of heat and
heat loss due to evaporation of water. To carry out mathematical simulation, we use the Fourier equation which
allows downstream water temperature at various times to be estimated. The water temperatures found by mod-
eling are compared against observed temperatures recorded at the gauging stations and thereby adequacy of the
applied physical-mathematical models to the real hydrothermal processes is assessed.

MATHEMATICAL MODELING OF THE HYDROTHERMAL REGIME

Water from the upstream reservoir is released through the dam and enters the afterbay of surface width B
(m) and a cross-sectional area S (m®). Water discharge through the dam body is characterized by the quantity O
(m’sec”). The mean streamflow velocity ¥ (kmxhr") is

0

V== (1
S
The type of flow is known to be determined by the Reynolds number Re expressed as
_phr
= 2
U

where p (1000 kg m”) is the specific water density, u (1.79 -10” kg sec'm”) is the water viscosity, 7(m) is
the hydraulic radius which is found as the ratio of cross-sectional area S to wetted perimeter in the stream chan-
nel. For the typical values O =2900 m’sec”, S =2000 m’, B = 500 m the Reynolds number is R ~ 10". Transition
from a laminar flow to turbulent occurs when Re exceeds a value of 2000 to result in leveling off of the water
temperature across the stream due to mixing of the moving water layers.

The hydrothermal river regime in this situation can be described by the Fourier equation [1]

dT,(x,1) _ “V(x )aT (x, t) 8 T (x,1) N W(t) B(x)
ot ox’ pc S(x)

The first term on the right-hand side refers to the rate change in temperature caused by advection, the sec-
ond one is associated with the rate change in temperature due to dispersion, and the third term describes heat
exchange between water and the surrounding environment. Here 7,, (°C) is the cross-sectional averaged water
temperature in degrees Celsius, # (hour) is time, x (km) is the distance downstream of dam, ¢ (4.19-10° J kg
°C") is the specific heat of water, D (m’sec’) is the dispersion coefficient in the direction of flow, W (Wm?) is
the heat transfer power between water and the surroundings which equals

Woy=w,+w,+Ww,+Ww,+WwW.+W, 4)

where Ws, W, are, respectively, the direct and scattered downwelling solar radiation absorbed by water;
Wa is atmospheric TIR absorbed by water; W, is TIR from water surface to the atmosphere; 7, is convective
heat transfer from water to the atmosphere, and W, is the loss of heat due to evaporation. In this paper we deal
with uniform streams for which Q is independent of time. Under this situation, the stream bed temperature ad-
justs to the temperature of water therefore thermal exchange between water and the streambed surface can be
neglected.

The typical flow velocity in the downstream reach of 2 m sec”, and the thermal conductivity can be ne-
glected. In the system of coordinates moving at a velocity V(x) Equation (3) is rewritten as

AT, (x,t) _ W(t) B(x)

)

o pc S(x)’ ®)
solution of which is found from the expression
T (x.0)= j BOED g tyar 4.7, 0.1,), ()= Qj ©)

) S(x(1)) ) S(x (t))‘

Here Tw(0,t,) is the outflow temperature of water leaving the dam at trme ty.



PHYSICAL MODELING OF A HYDROTHERMAL REGIME

Solar radiation incident on water surface under clear skies consists of direct and scattered solar radiation.
Let's list the main physical processes that are taken into account when modeling —
1. Direct solar radiation
2. Scattered solar radiation
3. Absorption of solar radiation by water
The temporal dependence of the solar radiation power and solar energy versus time of the day presented
on Figure 1.

wm? Wh lll""
1 B0
6000
4000
2000
e e ey L
R Y € 8 W 2 W % 1w 2
’ t. hour
a) b)

Fig. 1. Temporal dependence of parameters versus time of the day: a) the solar radiation power: 1 - incident on the Earth's
atmosphere, 2 — transferred through the atmosphere, 3 — absorbed by water; b) solar energy absorbed by water.

As to thermal infrared radiation, the following processes were taking into account:
1. Emission from water
2. Atmospheric emission
In particular, to calculate the atmospheric emission coefficient ¢,, we used the following [4]:

100e
£ =1-04-exp| ——ce_ |
‘ eXp[ T +273] )

where 7, is the temperature of the atmosphere in °C, ¢, (mb) is the atmospheric water vapor pressure

H
e =—e.,
“ 100 °

e, (mb) is the saturation vapor pressure estimated from

e, =6.1-ex 17.27-1,
s SO LeRp 273+7T, | ©

H is the atmospheric humidity. We now can carry out calculations for July 3, 2016. At noon 7, =26 °C and
the humidity was H = 45%, at midnight 7, = 14 °C, H = 85%. Then we have ¢, = 0.99, W, = 460 Wm~, at noon
and g, = 0.99, W, = 390 Wm™at midnight. Atmospheric thermal infrared radiation is absorbed by water surface
and increases the water temperature.

To define heat exchange between water surface and atmosphere, we estimate evaporation and convec-
tive heat flux [5].

®)

CALCULATION TECHNOLOGY

We consider a 124-km reach of the Yenisei river downstream the dam of the Krasnoyarsk HPP. The reach is
divided by 4 cross-sections lines (0.5 km, 40 km, 77 km, 124 km) with gauging stations at the first, second and
forth section lines to measure water temperature. The first station is located next to the dam (x=0.5 km) and mea-
sures water temperature leaving the dam. The other two are located at 40 km and 124 km. Streamflow velocity is
assumed constant from section to section and is found from Equation (1) at 0=2900 m’s"; S is equal to the cross-
sectional area of the downstream lowest reach section. Flow time between sections is found as the section-to-sec-
tion distance divided by the flow velocity. Temperature measurements at the gauging stations are taken at time tg
(at hour 8.00 and 20.00). Water leaves the dam at time ¢, = #, — £, where ¢, is the length of time within which water
from the dam reaches a cross-section line. Water temperature was computed using formula (6).

WATER TEMPERATURE REMOTE SENSING

Landsat 8 satellite Thermal InfraRed Sensor (TIRS) data were used to estimate the water surface tempera-
ture [6]. The input data of the TIR channels are converted into brightness temperature, which, in turn, into the
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SESSION 2

surface temperature. About 40 scenes were processed from May to September 2013 —2017 on the Yenisei river
section 200 km long from the dam downstream.

RESULTS AND CONCLUSIONS

Results of calculations on the considered model have shown that on the considered site of the river in
length of 124 km the temperature change approximately in 1.5°C is observed. This value correlates well with
the temperature data measured at the gauging stations and with the results obtained from remote sensing data.

The resulting physics-mathematical modeling and processing of remote sensing water temperature data
allows to judge about the adequacy of the developed analytic models and methods of determining water tem-
perature by remote sensing data. Theoretical results are in good agreement with the experimental data recorded
at gauging stations.
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Estimating the energy characteristics of atmospheric
turbulence at different altitudes from reanalysis data

Shikhovtsev A.Yu., Kovadlo P.G.

Institute of solar-terrestrial physics, Irkutsk, Russia
E-mail: uzel@iszf.irk.ru

lent fluctuations of wind speed at different sites as well as different heights: from the surface to the tropo-

pause and higher. At the same time archives of data formed on the basis of network aerological observations

allow one to estimate changes of low-frequency atmospheric characteristics in three hours’ time intervals or

more. The paper discusses one of the possible approaches to evaluate statistically the energy characteristics of
turbulent fluctuations of wind speed at different altitudes from reanalysis data.

The method proposed is based on taking

into account the features of altitude changes of

Investigations of atmospheric turbulence are significantly complicated by a lack of information about turbu-

100

) === Van der Hoven the turbulence energy spectrum over a wide
- == Vinnichenko range of spatial and temporal scales. The sta-
i —Frye bility of the shape of the turbulence energy
10° - Eggleston spectrum over a wide range of spatial and tem-
10¢ Fiedler poral scales is the basis for the method of esti-

mating the energy characteristics of atmo-
spheric turbulence from reanalysis data.
Knowing the shape of the energy spectrum of
atmospheric turbulence over a wide range of
scales and the characteristics of fluctuations of
1or 10¢ 10 10¢ 100 10% o0 10 100 the large-scale spectral interval one can esti-
mate the characteristics of small-scale atmo-
spheric turbulence based on the radiosonde
Fig.1 The deformations of the shape of the spectra of atmospheric data assimilated at the grid nodes (for exam-
turbulence. ple, the NCEP / NCAR Reanalysis archive).
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10t
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PSD of wind speed fluctuations, (m/secy/Hz
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To determine the characteristics of small-scale turbulence we consider the deformations of the shape of
the spectra of atmospheric turbulence shown in fig.1.

Analysis of the fig.1 shows that the shape of the turbulence spectra in the atmosphere boundary layer var-
ies little. The changes of the energy of the high-frequency (small-scale) turbulence are consistent both with
variations of the total energy of the spectrum in the entire frequency range and with changes of the energy of
large-scale atmospheric inhomogeneities. Taking into account that the spectral density dependences on the fre-
quency over a wide range of scales and calculating the energy of the low-frequency fluctuations (over a period
of 5 days, corresponding to the average minimum duration of the natural synoptic period) one can estimate
characteristic of the high-frequency fluctuations of wind speed, for example structure characteristic of wind
speed fluctuations:

¢ = EVuJexp(=3(1n/, ~Inf, ) =5/3(Inf, ~Inf, ) s
g k, L
where f; — low frequency, f; — high frequency, f, — transition frequency from ( «—3» to «—5/3» spectrum
slope), E (f;) — spectral density in low frequency range

The reported study was funded by RFBR according to the research project Ne 18-35-00033.

06 onpeneneHnn s3HepreTUYECKNX XapaKTEPUCTUK
aTMocdepHon TypbyNneHTHOCTM Ha pa3HbiX BbiCOTax
Mo JaHHbLIM peaHanunsa

Luxosues A.10., Kosagno I.T.

WUHcTUTyT conHeyHo-3eMHoii ¢u3muku CO PAH, UpryTck, Poccus
E-mail: uzel@iszf.irk.ru

BBEOEHWE

B n3yuennm armocepHbIX TeueHn 00IbIII0e BHIMAHNE YACIAETCS HCCISI0BAaHUAM (POPMBI SHEPTeTHYIC-
CKHUX CIEKTPOB (PIyKTyalHii CKOPOCTH BO3AYIIHOTO MTOTOKA, B TOM YHCIIE JUTS OLEHKH MPAaBAOTOI00HOCTH Me-
30MacmTaOHBIX MeTeoporormaeckux moaenei (Koshyk, 1999; Koshyk, 2001). XoTs urcieHHOE MOICTHPOBA-
HHUE 1aeT OObEKTHBHBIC PE3YIBTATHI 110 JUHAMHKE ITPOIIECCOB U SIBICHUH B aTMOC()EPHOM NMOTPaHUIHOM CIIOE,
paspermeHne Mozeel OOBITHO HE COOTBETCTBYET MCIIONB3YEMbIM CXEMaM MapaMeTPHU3AIIH MEIKOMAcIITa0-
HOM TypOynentHoctr (Lang, 2010). KirroueByro poib B MOIETHPOBaHUH aTMOC(EPHBIX MPOIIECCOB UTPALT TO-
HUMaHHE 0COOEHHOCTEH TypOyJIEHTHOTO TIEPEMETINBAHIS BO3/TyXa B IIUPOKOM JNANa30He IPOCTPAHCTBEHHBIX
MacmTaboB. OTHIM U3 TOIXOA0B K MPOABIKEHHIO B 3TOM HAMPABICHUN ABJIIETCS 3HaHUE Je(opmariuii suep-
TETHUYECKHUX CIEKTPOB arMoc(hepHoit TypOyJIeHTHOCTH KaK C BBICOTOH, TaK M B IEPEMEHHBIX BHEIITHNUX YCIIOBH-
SIX B IIMPOKOM JHAITa30HE MPOCTPAHCTBEHHBIX MACIITa00B.

Vixe 6osee 70 €T BemyTCsl TEOPETHUECKHE M SKCIIEPHMEHTAIBHBIC NCCIIEJOBAHNS SHEPTETUIECKIX CTICK-
TPOB KWHETHYECKOH SHEpruH KpymHomacmTaOHBIX atMochepHbix Tedennii (Charney, 1947; Smagorinsky,
1953; Nastrom, 1984; Nastrom, 1985). [1lo maHHEIM MHOTOYHCIICHHBIX PE3yJIBTATOB H3MEPECHUH B YHEpreTHYC-
CKHX CHEKTpaX MHOTOMAacCIITaOHO# aTMoc(hepHOH TypOyIEHTHOCTH MOXKHO BBIACTHUTH JBa KPyITHOMACIITa0-
HBIX IHana3ona. B mmamasone ot 2-107 pam/™m mo 8- 10° pan/M crekTpanbHas IIIOTHOCTh MOIITHOCTH (ITyKTya-
nuii ckopoctu BeTpa E(k) 3aBHCHT OT BOJHOBOTO YHCIA k B CTETIEHH «-3». B Me3omacmTabHOM Iuama3oHe,
BOJTHOBBIC YHCJIAa KOTOPOTO HAXOIATCS OT 10° pag/™M 1o 10° pan/M, moKasarenb CTENCHH YMEHBIIAeTCs 10
«-5/3». Tlepexonnas 30Ha oT 3aBucuMocTH E(k) ~ k” x 3aBucumoctu E(k) ~ k°° Haxonurcs BOMM3M pammyca
nedopmarui PoccOn 1 0XBaThIBaeT AWANa30H MPOCTPAHCTBEHHBIX MaciTaboB mpuMepHo ot 8§00 kM mo 600
kM. [IpuBeneHHBIC 3aBHCHMOCTH XOPOIIO BEITIONHSIOTCS JJIS yCIOBUH cBOOOmHOM atmocdeps (Nastrom,
1985). Kax moxa3pIBalOT SKCIIEPHIMEHTAIBHBIC HCCIEOBAHMS OTKIOHEHHS OT 3THX 3aBUCHMOCTEH B OTICITb-
HBIX CTIEKTPAJIBHBIX MHTEPBATIAX MOTYT HAOIIOAATHCS MPH BO3/IEHCTBUM TPAaBUTAMOHHBIX BOJH, KOHBEKTHB-
HOW HEYCTONYMBOCTH, C/IBUTOB BETPA, AJANTAI[MH HEyCTAHOBHUBIIMXCS ABWKEHHH BO3JyXa B OKPECTHOCTSIX
CTPYWHBIX TEUCHHUH U (PPOHTATHHBIX CHCTEM HITH JPYTHX PakTopoB. B pe3ymprare HaOmoneHUIT B paMKax mpo-
rpaMMBI Io0ansHOTO HccnenoBanus atMochepsl (Global Atmospheric Sampling Program) u B 601ree mo3mHmx
WCCIIEJOBAHMAX CTaTUCTUYECKH MOKA3aHO BIMSHNUE TOPHBIX BOJH HAJ OJHOPOIHON M HEPOBHOH MOJICTHIIAIO-
1Iei MOBEPXHOCTHIO Ha (popMy crieKTpa TypOyneHTHOCTH. DIyKTyannu TOpH30HTAIBHON CKOPOCTH M TEMIIepa-
TYpbI TPUOTU3UTENBEHO OKAa3aJIMCh B 2—3 pa3a BbIIIC HaJl HEPOBHOI MOJICTUIIAIOIIEH ITOBEPXHOCTHIO 110 CpPaBHE-
HUIO ¢ UIyKTyarussMH HaJl pAaBHUHAMH U BOJHOM MTOBEPXHOCTHIO. [Ipy 3TOM HanbospIme paznuyaus HabIrona-
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SESSION 2

much B ananazone Mexay 10 m 80 xm. Kpome 3toro, cymecTBeHHBIE OTKIOHEHUS OT HabmromaeMoil hopmsbl
CHEeKTpa HAOIIOMAIOTCS B aTMOC(EPHOM MOTPaHUIHOM CII0€, 0COOCHHO B MEPEXOAHON 00IacTH OT Me30Mac-
mTaboB K MHKpoMeTeoposorudeckor TypOymeHtHoctr (). VccrmemoBanus nedopManiii SHEPreTHIeCKHX
CHEKTPOB B TUAMTA30HE YACTOT OT 2- 10’ T mo 1.4-10" T B TIPU3EMHOM CJIO€ C BBICOTOM ITOKA3BIBAIOT, UTO IHa-
MA30H C MTOKA3aTelIeM CTETIEHH «-3» CYIIECTBEHHO CY)KaeTCsl C yMEeHbIIeHHeM BeIcOThl. Ha Beicote 301 M Ha-
KIIOH «-3» Habmomaercs B quanasone ot 4.7-10° T’ (60 1) go ' 10° 'y (28 4). Ha camMoM HU HMKHEM yPOBHE
(8 M) gacToTHas 3aBHCUMOCTD CHIEKTPAIBGHON TUIOTHOCTH (IyKTyalnii OT YaCTOTHI B CTETICHH «-3» HE HaOI0-
JIaeTCS, M CTIEKTP MOXKET OBITH ammpoKcuMupoBaH B Buae E(f) ~ f° B nmamaszone wactor f ot 2.3-10° T’y 10
3.1-10° T (9 1) ().

CornacHO (pU3HUECKUM MIPECTABICHUAM aTMOC(epHbIe KPyITHOMACIITA0OHBIE TEUSHHS OAICPIKIUBAIOTCS
reHepalyeil MOTeHINAIbHON SHEPTHHU 3a CUET IIPOCTPAHCTBEHHBIX I'PAJUEHTOB Temreparyp. [loTeHnuansHas
sHeprus mpeolpasyeTcs B KMHETHYECKYIO SHEPTHIO Ha 30HATBHBIX BOMHOBBIX unciax oT 2 o 10 (Koshyk,
2001). 310 maeT ocHOBaHWE HAAEATHCS HA TO, UTO TP YCPETHEHUHN TT0 aHCAMOIIO COCTOSHUH YHEPTETHICCKIE
CIIEKTPHI (IIYKTyaluii CKOPOCTH BeTpa U (IIyKTyalHil TeMIIepaTypbl BO3IyXa B KpyITHOMacIITaOHOM JIHaIaso-
HeE MTOJ00HEI IO CBOEH popMme IpyT IpyTy

METO/[ OMNPEAENEHNA 3HEPTETUMECKNX XAPAKTEPUCTUK
ATMOC®EPHOW TYPBY/TIEHTHOCTW MO AAHHBIM PEAHAJIN3A

OCHOBBIBAsICH Ha MPHUBEICHHBIX 0COOEHHOCTSAX CIEKTPAIbHON KapTHHBI, BOSHUKAET BOIPOC 00 yCTOHYH-
BOCTH ()OPMBI CHIEKTPA TypOYJICHTHOCTH B IIMPOKOM JTHAIIa30HE MIPOCTPAHCTBEHHBIX M BPEMEHHBIX MacIITab0B
TIPU PA3INIHON PHEPTHN aTMOC(HEPHBIX TEUEHUH. B 4acTHOCTH, MPEICTaBISIIOT HHTEPEC T€ YCIOBHUS, ITPH KO-
TOPBIX (pOpMa IHEPTETHUECKOTO CIIEKTpa TYpOYJEHTHOCTH COXPAHSIETCS WIN ¢1a00 M3MEHSIETCS B IIHPOKOM
JIMana3oHe MPOCTPAHCTBEHHBIX M BPEMEHHBIX MacIiTaboB. [Ipr 3TOM Ba)KHO 3HATh HACKOJIBKO JTAJICKO (JI0JITO)
MOXKET CKa3bIBaThCSI BIMSHUE BO3MYIICHUH BHEIIHETO TEUCHHS Ha CIIEKTPAIbHBIC KOMIOHEHTHI TypOyIeHTHO-
cTH OoJiee BEICOKHX MOpsiAKkoB. Co CTaTHYeCcKON TOUKH 3peHHs J1000e aTMoc(hepHOe BO3MYIIEHHE U €T0 TPo-
JYKTBI pacmaja, /Uil KOTOPBIX MO>KHO OTIPENEIUTh ONPEACICHHBIN MPOCTPAHCTBEHHBIN MACIITA0 MM CIEKT-
paNbHBIN AMana3oH, 00IaaaloT KOHEYHBIM MacIITaboM KOPpPEIMpPOBAaHHOCTH (COIIacoBaHHOCTH). Mcxons u3
3TOTO, SHEPTETUUECKUII CHEKTP JOIKEH CTPEMHUTHCS K HEKOTOPOH yCTOWYHMBOW (hOHOBOW (opme, 0COOCHHO
TIPU YCPEHEHHH 110 CTAaTHCTHYECKOMY aHCaMOIIIO COCTOSIHNH, HOCSIIMN CITy4aiHbIH XapaKkTep.

YeroitunBoCTh OPMBI FHEPTETHUECKOTO CHEKTPa TypOYyJIEHTHOCTH B IIMPOKOM JIHAIIa30HE MPOCTPAHCT-
BEHHBIX U BPEMEHHBIX MacIITa0OB 3aJI0)KEHAa B OCHOBY ITPEAJIAraéMOTr0 METO/IA OIIEHKH YHEPTeTHUECKHUX Xa-
pakTepucTuK arMochepHoi TypOyJIeHTHOCTH 110 JaHHBIM peaHanu3a. Tak, 3Has popMmy (pOHOBOTO SHEpreTHIEe-
CKOTO CIIEKTpa TypOYyJICHTHOCTH B IIMPOKOM JIHAIIa30HE MACIITA00B M XapaKTEPUCTHKH KOJICOaHUH B KPYITHO-
MacHTabHON 00IaCTH CTIEKTPa, OTPE/EIIeMbIX, HA OCHO