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[IpencraBieHsl pe3yabTaThl UCCIEAOBAHUS MEKIOJOBOH M3MEHUYMBOCTH
temneparypel noBepxHoctu (TIIM) Tpex paiionoB Kacnuiickoro Mmops
(Cesepnoro, Cpennero u FOxHoro) u 3anuBa Kapa-boraz-I'on (KBI') B mepuon
2003-2017 rr. ¢ WCHONBb30BaHWEM CpPEAHEMECSYHBIX JaHHBIX OH-JAH
cuctembl NASA Giovanni. Y cTaHoBIIEHO, 4To noTeruieHre Kacnus B ycinoBusix
MPOJIOJDKAIONIETOCS TIIO0ANBHOTO TOTEIUICHUSI TMPOAOIDKACTCS, MPUYEeM C
OompmmMu  Temmamu, yeM B mepuox 1982-2009 rr. Tpenmer TIIM B
paccMatpuBaeMblii 15-nmetuuit mepuon coctaBwim 0.050, 0.067, 0.087 u
0.106°C/ronr B CeBepuom, Cpemnem u IOxuaom Kacum wu  KBIT
COOTBETCTBEHHO. OTMEYeHBl Trofbl € Haubojee CYpOBBIMH U MSTKHMHU
3UMHHUMH CE30HAMH.

Knwouesvie cnoga: Kacnuiickoe mope, memnepamypa Nno8epXHOCMU MOPS,
MedHc20006as  UBSMEHYUBOCMb, MPEHO MeMNepamypbl, CypPOGOCHb  3UM,
2n0banvbHoe nomenieHue

Beenenne

Kacnuiickoe Mope — caMblii KpyTHBI 3aMKHYTBII OacceliH B mupe. Ero
TEMIEPaTYPHbI pEeXHUM oOmpeaessieTcs INOoOANbHBIMU U PETMOHAIBHBIMU
KJIMMaTHYECKUMHU (aKTOpaMH M XapaKTepU3yeTcs 3aMETHOW MEeXIOJ0BOU
W3MEHUYMBOCTBIO, KOTOPAsl BIMSAET HAa KOJOTMYECKOE COCTOSHUE MOps, €ro
BOJIHBIH OajlaHC (MCIapeHue ¢ MOBEPXHOCTH), CYI0XOJICTBO B 3UMHMI MEPHOJL
B YACTUYHO 3aMep3arolleil ceBepHOH 4YacTH. DTO JUKTYEeT HEO0OXOAUMOCTb
MOHUTOpUHra Temneparypbl noBepxHoctu Kacmuiickoro mops (TIIM). B
YCIIOBHUSIX PE3KOTr0 COKpaieHus in-situ u3mepenuit TIIM (moBepxHOCTHOTO
ClI0S) M KOJHMYECTBAa T'MIPOMETEOPOJIOTMYECKUX CTaHIMH Ha molepexbe

“PaGota BbinoNHEHa npu ¢uHaHCOBOI momnepxkke Tembl ['ocOromkera N 149-2018-0003
«MexaHu3Mbl (pOPMHUPOBAHUS IUPKYISIHOHHBIX CTPYKTYp MHPOBOTO OKeaHa: KIIOYEBBIC
MPOIIECCHI B OTPAHUYHBIX CIIOSIX M X POJIb B AWHAMHKE OKeaHa Ha OCHOBE SKCIIEAUIINOHHBIX
UCCIICIOBAHUH,  JUCTAHIMOHHOTO  30HAMPOBAHMS, YHUCICHHOTO H  JabOpaTopHOro
MOJICITUPOBAHUS»
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Kacrust ¢ magana 1990-x T0OIOB OCHOBHBIM UCTOYHHUKOM HWHGpopManuud 00
m3meHunBocT TIIM Kacnuiickoro Mopsi sIBIsieTCS peryJisipHasi, JOCTYITHAS
gyepe3 HTepHeT criiyTHUKOBasi HH(GOPMAIIHSI C XOPOIIUM MPOCTPAHCTBEHHBIM
Y BPEMEHHBIM pa3peleHUEM.

Ce3onHast u MexrogoBas u3MeHuuBocTh TIIM B Tpex permoHax
Kacmus (CeBeprom, Cpennem u FOxuHOM) B mepuoisl 1982—2000 u 1982—2009
I'T. IPOCIISKUBAJIACH B Psijie paboT aBTOPOB € UCIOIL30BaHHEM JaHHBIX NASA
JPL PO.DAAC AVHRR MCSST u mpoekta NASA IPL PO.DAAC AVHRR-
Pathfinder [2, 10, 3, 7, 6]. B paborax [2, 10] paccmoTpeHa Takxke
n3meHunBocTh TTIM npumbikaromiero ¢ Bocroka k Cpeanemy Kacnuro 3anvBa
Kapa-boraz-I'on (1994-2000 rr.).

Hcnoab3oBaHHbIE JaHHbIE

C wnenbto mpojyieHus nepuoga MoHutopuHra TIIM Ttpex paiionax
Kacnus u 3amuBa Kapa-boras-I'on (KBI') B nanHoil pabore MCHoiab30BaIUCh
BPEMEHHBIE TMOCIIEI0BATEIFHOCTH €KEMECSIUHBIX JaHHBIX O TeMIepaType OH-
naitH cuctemMbl NASA Giovanni, OCHOBaHHBIX Ha W3MEPEHUSAX pParoMeTpa
MODIS/Aqua 3a 15-netuuit nepuoa (¢ 31.12.2002 mo 31.12.2017 rr.). D1
BpeMEHHbIE mocnenoBaresibHocTi TIIM, cpegHeill ajig KaXaoro U3 4YeThIpex
paifoHoB, mpencrtaBieHsl Ha puc. 1. Kak u B pabote [2], mns ymobOctBa
ocpenHeHuss B kadecTBe rpanuiibl Mexxay CesepubiM u HOxubim Kacnumem
npuHuManace mupota 44°30° c.a., mexay Cpeanum u FOxupmm Kacninem —
40°30° c.i1. 3aMeTHM, 4TO MUHUMaJIbHBIE 3uMHKE 3HaueHus TIIM B CeBepHom
Kacrnum, 3HaunTenpHas 4yacTh KOTOPOTO B XOJOJTHBIC 3MMBI MOKPBITA JIBAOM,
COOTBETCTBYIOT B  HCIOJBb3yEMOM MAacCHUBE JIaHHBIX, I10-BHIUMOMY,
OCPETHEHHIO TOJIBKO 10 CBOOOIHOI OTO JibJja aKBATOPHUH.

Mexroaosas usMmenunsocts TIIM

Kak cnenyer u3 puc. 1, temneparypa kacnuiickux Box U Bojg KbI' B
paccMaTpuBaeMBblii NEPUOL B CpelHEM yBenuuuanack. llonoxurenbHble
tperabl TIIM coctasumm 0.050, 0.067, 0.087 u 0.106°C/rox B CeBepHOM,
Cpennem u HOxuom Kacniuun u KBI' cootBerctBenHo. [Ipu Takux tpengax TIIM
3THX YEThIpeX paiiloHOB 3a 15 jer yBenuuuiack cootBeTcTBeHHO Ha .80, 1.01,
1.31 u 1.59°C. Tpenn pocta cpennent ans Bcero Kacnmiickoro mopst TIIM 3a
9TOT mnepuoj (pUCYHOK He TmokazaH) okaszaincs paBHbIM 0.059°C/ron
(yBenmmuenue cpenHei Temneparypsl — 0.88°C).

3amerum, 4to nosoxkutenbHeld Tpena TIIM Kacnus otmeuancs u B
npeamecTByonme rojsl. 1o 1aHHBIM OeperoBbIX THAPOMETEOPOTOTNYECKUX
cranuuii CesepHoro Kacnus, 3a 24 roga ¢ 1960 o 1983 rr. TIIM yBenuuunach
Ha 0.2-0.4°C [8], T. e Tpenn coctaBui npuMepHo 0.01°C; takoii sxe Tpen TIIM
3apeructpupoBat B baky B mepuoa 1900 o 1970 rr. (cm. [2]). Tpenasr TIIM B
Cpennem u HOxxnom Kacrimm B 1982-2000 rr., OLlEHEHHBIE 110 CITYyTHUKOBBIM
JAHHBIM METOJOM JIMHEMHON perpeccun, okasaiuch paBHeiMH 0.05 wu
0.10°C/ron cootBercTBeHHO [2], a B mepuon 1982—-2009 rr. — 0.06 u 0.05°C/rox
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[3, 7]. Takum oOpazoM, yBenumueHue Temreparypsl Boa Kacnus (B cpenHem),
HaOmrojaroneecss ¢ Hadana XX BeKa, MPOJOJDKAETCs, MPUYEM B IEPUOJ
robansHOro notemieHus (¢ kouma 1970-pix rr. [11]) Tpena TIIM B HeckobKO
pa3 MpeBBICUIT TAKOBOW B MPEANICCTBYIONIMN NEpHO, a B 15-1eTHUil nepuos
XXI Bexa oH oka3zaicst 6oybIuM, 4eM B 19822009 rr.

Time Series, Area-Averaged of Sea Surface Temperature at 4 microns (Night Only)
monthly 4 km [MODIS-Agua MODISA_L3m_SST v2014] C over 2002-12-31 10:30:05Z -
2017-12-31 14:40:00Z, Region 47E, 44.5N, 53E, 47N
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Time Series, Area-Averaged of Sea Surface Temperature at 4 microns (Night Only)
monthly 4 km [MODIS-Agua MODISA_L3m_SST v2014] C over 2002-12-31 10:30:05Z -
2017-12-31 14:40:00Z, Region 47E, 40.5N, 53E, 44.5N
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Puc. 1 (a, 6). Ce3oHHas 1 MeKTO0Bast M3MEHUYUBOCTH T1IM
(cpenHemecsuHbIe 3HaYeHUS ), cpenueit ans CeBepHoro (a), Cpeanero (0) u
FOxnoro (B) Kacnius u KBI' (1) (2003—2017 rr.). [Ipsimble muHMM Ha
pUcCyHKax — nuHenHble TpeHabl TIIM B paccMaTtpuBaeMblid IEPUO.
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Time Series, Area-Averaged of Sea Surface Temperature at 4 microns (Night Only)
monthly 4 km [MODIS-Aqua MODISA_L3m_SST v2014] C over 2002-12-31 10:30:05Z -
2017-12-31 14:40:00Z, Region 439E, 38N, 54E, 40.5N

30 | \ |

25 — —

PTTIVVINT

2005 2010 2015 2020

Fitted line
(B)

Time Series, Area-Averaged of Sea Surface Temperature at 4 microns (Night Only)
monthly 4 km [MODIS-Aqua MODISA_L3m_SST v2014] C over 2002-12-31 10:30:05Z -
2017-12-31 14:40:00Z, Region 53E, 40.5N, 55E, 42.5N
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Puc. 1 (B, ). Ce30HHAsA U MEXTO0Bast U3BMEHUUBOCTH TIIM
(cpennemecsuHble 3HaueHus), cpenneit ans CesepHoro (a), Cpeanero (6) u
HOxnoro (B) Kacrius u KBI' (1) (2003—2017 rr.). [Ipsimbie muHMM Ha
pucyHkax — nuHenHble TpeHabl TIIM B paccMaTtpuBaeMslid IEPUOL.

Jlannblii pe3ynbTat cornacyercs ¢ BbiBojiaMu yueHbIx NASA u NOAA
0 TOM, YTO BCE 5 CaMbIX TEIUIbIX JIET Ha 3emiie UMeNIi MecTo B niepuoa ¢ 2010
r. (https://earthobservatory.nasa.gov/IOTD/view.php?id= 91604). Puc. 2
MOKa3bIBaeT, 4ro K KoHuy 2017 r. Ttemneparypa Kacnuiickoro mops
yBeIu4miIach nNpuMepHo Ha 2°C Mo CpaBHEHHUIO CO CpPEeAHEH Uil mepuoja
1951-1980 rr. (T.€. 1o rmobanpHOTO TOoTeIUIeHUs). [IpMepHO Ty K€ OlEHKY
noteruieHus: Kacrust 3a 36 net cnyTHUKOBBIX Habmonenuid (1982—-2017 rr.)
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MO>KHO IIOJIy4HTb, IPUHAB TpeH TIIM Mops B 11€JI0M 3a 3TOT IEpUOJ PABHBIM
0.06°C/ron (cwm. BbIIIe).

2017 Temperature Anomaly (°C)

<4 -3 2 -1 0 1 2 3 =24
P u c. 2. Kapra rmo6ansabix anomanmii temneparypsl (°C) B 2017 .
oTHocHTeNbHO cpenneii 3a 1951-1980 rr. (manubie NASA,
https://earthobservatory.nasa.gov/IOTD/view.php?id=91604).

Xapakrep MexrogoBoi uameHunBoctd TIIM B Tpex paiionax Kacrnus
B 001X YepTax oAUHAKOB (puc. 1). 3HaueHuss MakCcUMaNIbHBIX JIeTHUX TIIM,
HayuHas ¢ 2010 r., 6onbie, yem B iepuo ¢ 2003 mo 2009 rr. Camas BeICOKast
3a 2003-2017 rr. netHssi Temmneparypa Habmomanace B 2010 r., xorma
aHoOMaJlbHas ’kapa CTosula Ha Bceil eBpomeiickoil teppuropuu Poccun [9];
MuHuManbHas JetHsass TIIM 3a stor mepuon coorBercTtBoBana 2009 .
[Tonmxennto MakcumanpHbIx JeTHUX TIIM B 2006-2009 rr. Ha puc. la-B
COOTBETCTBOBAJIO MaJCHHE CPEAHECE30HHBIX (JIETHUX) U CPEIHEroJ0BbIX
temneparyp B Cpennem u FOxuom Kacniuu, otmeuasiueecs B padote [3].

Pacnipenenenne 3umuHux TIIM Ha puc. 16 m 1B coorBeTrcTBYET
M3BECTHON Kiaccu(UKaIMK CypOBOCTH 3UM MO CymMMe A Tpaayco-aHel
MOpo3a (CymMMe OTpHUIIaTeIbHBIX TeMIiepaTyp Bosayxa) (cm. [4, 5]). K ouens
CYpPOBBIM 3UMaM OTHOCAT 3UMBI ¢ A 6osee 900, k cypoBbiM — ¢ A oT 900 1o
700, x ymepeHubiM — ¢ A ot 700 10 400 u k msarkum — ¢ A ot 400 mo 100°C.
B coorBercTBUM € OLEHKOM A 10 JaHHbIM MereoctaHuuu llemHol B
Cesepnom Kacrinu [4, 5], B mepuon 2003—-2016 rr. HabmogaIuch: 0Ha 0OYSHb
cyposas 3umMa 2011/2012 rr., nBe cyposix (2002/2003 u 2007/2008 rr.), TpH
msrkux (2003/2004, 2006/2007 u 2015/2016 rr.), ocTtanbHble — yMepeHHbIE. B
pabote [5] oTmeuaercs, uTo B mociennue necsatuwietus B CeBepHom Kacmmm
HaOIOAI0TCS YMEHBIIICHHE TTIOBTOPSEMOCTH OY€HBb CYPOBBIX U CYPOBBIX 3MM
Y, HaIpOTUB, YBEJIMYEHHUE IOBTOPSIEMOCTH YMEPEHHBIX M MSTKUX 3UM.
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WNnmroctpanueil pa3nuuHbIx JeaoBbIX ycnoBui B CeBepHoMm Kacnuu B oueHb
CYpOBYIO M MSTKYIO 3MMBI MOTYT OBITh eXeHeaelbHble KapThl ECHMO
(EmuHoil TOocymapcTBeHHOW cucTeMbl uH(oOpManuu 00 OOCTaHOBKE B
MuposoMm okeane, http://193.7.160.230/web/esimo/casp/ice/ice_casp.php). B
ouyeHb cypoByio 3umy 2011/2012 rr. (puc. 3a) nmpunaii 3aHUMan JTOBOJIBHO
oonpiryro yacte CeBepHoro Kacrnus, a B Cpeqnem Kacnuu si3bIk 11aBydero
JpJa CIyCKaJCs 10 AIIIEPOHCKOrO I-OBa; BUIEH OH M BJIOJIb CEBEPHOIO
nooepexbs Kazaxckoro 3ammBa. B msrkyro sumy 2015/2016 rr. miomaas

npunas Oblila MaJia ¥ KpaTkoBpeMeHHa (puc. 30).
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(a)
P u c. 3a. JlenoBas o6cranoBka B CeBepHoM Kacriuu 14.02.2012 JlanHble
ECUMO (http://193.7.160.230/web/esimo/casp/ice/ice_casp.php).
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P u c. 36. JlenoBas oocranoBka B CeBepHoM Kacriuu 02.02.2016 (0). Jannbie
ECUMO (http://193.7.160.230/web/esimo/casp/ice/ice_casp.php).

CPaBHHUTH PEAIbHYIO KapTUHY C MPOTHO30M 3UM XOJIOJIHEE HOPMBI B CEBEPO-

WNudopmanus o cypoBoctu 3uM J10 2016 r. [5] u puc. 1 no3Bosstor

KacruiickoM paiione mocie 2007 r. B pabore [1], caemaHHOM HCXOAs U3
MPOTHO3a COJIHEYHOW aKTUBHOCTH Ha 24-ii nukia (¢ cepeaunbl 2007 mo

cepenunbl 2017 rr.). CormacHo 3TOMYy TPOTHO3Y,

XO0JIOAHCEC HOPMEI

okuaanuch 3uMHue ce3onsl B 2008/2009, 2009/2010, 2010/2011, 2012/2013,
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2013/2014 u 2015/2016 rr. Ilpu 3TOM OCOOEHHO CYpOBbI€ 3UMHHUE YCIOBHUS
oxupamucek B 2008/2009, 2012/2013, 2013/2014 u 2015/2016 rr. OyeBuaHoO,
9TO OTOT MPOTHO3 HE OMNPaBAAICSA: CAMBIMH XOJOAHBIMH OBLIM 3UMBI
2007/2008 m 2011/2012 rr., a mnpencka3piBaeMas Kak XOJIOJHAs 3UMa
2015/2016 rr. oka3anach MATKOMH

3akirovenue

B 3akirodyeHue OTMETHM, YTO MPHU IMPOJOJIKAIOIIEMCS IN100aIbHOM
MOTEINIEHUN TemIepaTypa noBepxHocTu Kacnuiickoro mopsi mpojosikaer
pactu (B CpeqHeM, NpU 3aMETHOW MEKIOJ0BOM M3MEHYMBOCTH), IIPUUYEM B
MIOCJIEHEE IECATUIIETUE C YCKOPEHHUEM. 3a 36-JIeTHUI NTEPUO]] CITYTHUKOBBIX
HabmoneHuit (¢ 1982 r.) ona yBenuumiack npumepHo Ha 2°C. MOHUTOPUHT
TIIM Kacnus Ha OCHOBE pETryJIsIpHON CITyTHUKOBOM HH(OPMAIIUU C XOPOIIUM
IIPOCTPAHCTBEHHBIM M BPEMEHHBIM pa3pelieHneM HE0OX0MMO MPOJI0JIKATh.
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INTERANNUAL VARIABILITY OF THE CASPIAN SEA SURFACE
TEMPERATURE IN THE CURRENT PERIOD (2003-2017)

A.l. Ginzburg?, A.G. Kostianoy® ?

1 Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow,
Russia
2S.Yu.Witte Moscow University, Moscow, Russia

The results of the study of interannual variability of sea surface temperature (SST)
of three regions of the Caspian Sea (Northern, Middle and Southern) and Kara-
Bogaz-Gol Bay (KBG) during 2003-2017 are presented, using the monthly mean
data of the online system NASA Giovanni. It is established that the warming of
the Caspian Sea in the conditions of continuing global warming continues, and at
a greater rate than in the period 1982-2009. Trends of SST in the considered 15-
year period amounted to 0.050, 0.067, 0.087 and 0.106 °C/year in the Northern,
Middle and Southern Caspian and KBG, respectively. Years with the harshest and
warmest winter seasons are marked.
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