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Ha ocHoBe ogHoI1 13 Haubosee MOJIHBIX Meraba3 JaHHbIX 3a Tiepuoa 1914—2010 rr. ucciemyeTcss MHOTOJIET-
HSISI IMHAMKKAa COJIGHOCTU U TemIiepaTypbl Bon Kacnuiickoro mopsi. PaccmaTpuBaeTcst psii XapaKTepHBIX
IePUOIIOB C OTHOCUTEIBLHO CTAOMIIBHBIM TMOJIOXKEHUEM YPOBHS MODST, HO Pa3IMUHBIMUA KJIMMAaTUYECKUMU
yCIOBUSIMU. PacCMOTpeHBI CpeIHEMHOTOJIETHIE BEPTUKAJIbHBIC KIMMATUUYECKHE pa3pe3bl COJCHOCTH U
TeMIiepaTyphbl BOIBI U aHOMAJIMKU OT HUX. OMMCcaHbl KOJUYECTBEHHBbIC M KaueCTBEHHbIE U3MEHEHUs, TIPO-
KUCXOOMBIINE B TeueHHe XX BeKa B CTPYKType Boa Mopsi. [IpemioskeHbl CXeMbl BOIOOOMEHA MEXKITY OTIEJIb-
HBIMU palfOHaAMU TIPU Pa3IMIHBIX TTOJIOXEHUSIX YPOBHS MODSI.
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BBEAEHME

Ha npotssxkennu XX Beka B xone ypoBHs Kacrmii-
CKOTO MOpPSI MOXHO BBIICIUTh HECKOJbLKO CTamuit
(puc. 1B): BBICOKOTO IIOJIOKEeHUST (MUHYC 26 M OO
1934 r.), manenus (no muHyc 28.9 m x 1977 r.), no-
cienyouiero pocrta K 1992 r. u crabunusauuu Ha OT-
HOCUTEIBbHO BBICOKUX OTMETKaxX OKOJIO MUHYC 27 M
1o 2000 1. ITocie 2010 r. Havancsa MeaJIeHHBIN CITam,
KOTOPBIA Ha (hOHE UBMEHSIOIIMNXCS KIMMAaTUUECKUX
YCJIOBUI MOXET IMPUBECTU K OUYEPEAHOM MEPECTPOM-
K€ TUIPOJOTrMYECKOTO pexrma Bojioema.

B XIX—XXI BB. BBITOJTHEH PSIJI KOMITJIEKCHBIX MC-
ciienoBaHuit Kacnuiickoro Mopst, OCHOBHbIE Pe3YJib-
TaThl KOTOPBIX ONYOJIMKOBAaHLI B MOHOrpadusx u
0000IAOIINX KINMAaTUIECKUX CIIPAaBOYHMKAX [3—
21, 24—27]. BoIsIBJIeHBI OCHOBHBIE 3aKOHOMEPHOCTH
CE30HHOI M MHOTOJIeTHEil ITMHAMUKU 3JIEMEHTOB
TUIPOJIOTUYECKOro pexkuma Mops. I1pu atom ncxomn-
Hble TIepBUYHbIC JaHHbIE, KOTOPbIC JieKaT B OCHOBE
9TUX MCCJEOOBAaHMIA, IIPAKTUYECKM BCEIIa HEI0-
CTYITHBI [JIsI IIMPOKOTO KpyTa MOJb30BaTejieil, a Kap-
TorpacuyecKmii MaTepua, Kak IpaBUIo, MpeacTaB-
JIeH OyMa>KHBIMH KapTOCXeMaMMU.

HeoGxomnMo Takke NMPUHUMAThL BO BHUMAaHUE,
YTO B ONYOJIMKOBAaHHBIX pabOTaxX MCITOJIb30BaJINCh
IIEpBUYHBLIC AAHHBIE, COOpaHHBIC B pa3HbIE TOIbI,
MPUMEHSUIUCh pa3Hble METOOBI MX OOpPabOTKU, UTO
BIIMSICT HA MHTEPIIPETALINIO PE3YIbTaTOB, OCOOCHHO

MPU COTOCTaBJICHUN MyOIUKAIIMi, OXBAaThIBAIOIINX
pasHbIe TTeproabl BpeMeHU. Tak, HampuMep, Uccie-
noBaHmus coneHoctu CeBepHoro Kacmmsa B mepuon
CaMOTro HU3KOT'O CTOSTHUSI YPOBHSI MOps B 1977—1978 1.
MIPUBENTA CIIEIIUATUCTOB K TIPOTUBOPEUYNBBEIM BEIBO-
naM: a) K 1977 r. pasHulia MEXAY COJIEHOCTBIO IBYX
€ro yactei (3armagHoid U BOCTOYHOI) MPaKTUYECKU
ucyesna [5], 6) ¢ 1945 r. mo 1980 r. coneHOCTH 3amaj-
HOit YacTM ocTaBajach MHOTO BBIIIIE, YeM B BOCTOU-
Hoi1 [28], B) COI€HOCTh BOCTOYHOM YaCTU MOPSI ITPU -
OJIM3UIIACH K COJICHOCTH 3aITaTHOM 1 Maxke ITPEeBhICH-
J1a ee 3HaueHwus B 1977 r. [14].

B XX B. mpowu3soliies CyliecTBEHHbI CKayoK B
pa3BUTUU MHGOPMALIMOHHOTO U TEXHOJOTUYECKOTO
obecrieueHnsI ucciaegoBanuii. OT METOOOB pYYHOI
00pabOTKM JaHHBIX 1 XpaHEeHUST Ha OyMaKHBIX HOCH -
TEJISIX IIPOU3OIIIEII TIEPEX0]] K aBTOMAaTU3UPOBAaHHBIM
cucTeMaM HaOII0NeHUIT 1 3JIeKTPOHHBLIM 0a3aM JTaH-
Heix (BI). MadopMallMOHHBIE TEXHOJIOTUU, MOJY-
YUBIINE IIPU3HAHME U IINPOKOE pacIpoCTpaHEHUE B
reorpamMueCcKrx HayKax, JalOT BO3MOXKHOCTb TOKY-
MEHTHUPOBaTh (WM OLU(POBHIBATh) UCTOPUIECKUIA
MaTepHrall C COXpaHEHUEM CUCTEM U3MEPEHMUS U Kap-
TorpaprIeCKUX IMPOSKIINi, YTO OCOOEHHO BaXXHO B
YCJIOBUSIX TIOCTOSTHHBIX KoJiebaHuii ypoBHs Kacrmiii-
CKOI'0 MOpSI U, KaK CJIeICTBUE, U3MEHEHUS ero oepe-
TOBOI JINHUU.

Co3snaHue 3JIEKTPOHHOM 0a3bl IEPBUYHBIX OKea-
HorpaduuecKnX JaHHBIX Mo Kacrnmitckomy Mopio ¢
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Puc. 1. MexromoBsle KojiebaHust ypoBHs Kacnmiickoro Mopsi 1 BbIICJICHHBIE IIEPUOIHI.

(a) — pacnipeneneHue ctanuuii B B/l mo rogam; (6) — aHomanuu coieHocTH Boabl (AS, %o0) OT CpeIHEMHOTOJIETHETO 3HAYEHMST
10 JaHHBIM pa3pesa 6; (B) — MeXroaoBble KojiebaHus ypoBHs1 Kacnuiickoro Mopsi; (T) — IMpOCTPpaHCTBEHHOE pacripeiesieHue
naHHbIX B B/l 1 moyioxkeHre “BeKOBBIX” pa3pe3oB: / — Havalo pa3pes3a, 2 — OKOHYaHUe pa3pesa, 3 — JaHHble HaOTI0MCHUIA.

T — cpenHeMHoroseTHsst Temnepatypa (°C) mo JaHHBIM METEOIyHKTa ACTpaxaHb;

R — cpenHeMHoOTrONIETHUI peuHOIt CcTOK (KM~ /roa) B cTBope B.-JleOsixkbe;

Pr — cpeqHeMHOTroJIeTHee KOJIMYECTBO OCAIKOB (MM) 110 JaHHBIM METEOITyHKTa ACTpaxaHb;

Ev — cpeqHeMHOTOJIETHSISI BeIMUMHa ucrapenust (MM/rox). [lana mo R. Wardlow [36; 37];

Wsp — cpeqHeMHOTOIETHSISI CKOPOCTh BETpa 10 TaHHBIM pe-aHanu3a (M/c);

Wdir — cpenHeMHOTOJIETHEE HAIIpaBIeHEe BETPa M0 TaHHbBIM pe-aHaln3a;

St — cyMMapHOE KOJIMYeCTBO CTAaHLIM, BHITTOJTHEHHBIX 3a TIEPUOT;

H — 3HayeHue ypoBHs Mops (M) B IMyHKTe Maxaukana;

“—” — HeT AaHHBIX.
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Y4e€TOM MUPOBBIX TpeOOBaHUII K €€ IIPOEKTUPOBa-
HUIO, XpaHEHUIO U pacIpOCTpaHEHUIO MHGOPMALIKU
HampasJIeHO Ha COXpaHEHUE U BOCCTAHOBJICHUE pe-
3yJILTATOB HCCJIENOBaHUII, HAKOIUIEHHBIX 3a IJIv-
TEJIbHBIN Mepuoa MHCTPYMEHTAJIbHBIX HAOIIONEHMIA,
M CO37aeT OCHOBY JJIsI IIOTy4YeHMsI HOBBIX BEIBOIOB U
0000IIIeHUNTA.

B HacTos1iei paboTe cienaHa monbITKa Ha OCHO-
B€ €IMHOr0 METOAMYECKOro IOAXO0/a BBISIBUTH M
MpOaHAJIM3UPOBATh OCHOBHBIE OCOOEHHOCTU CE30H-
HOTO, TIPOCTPAHCTBEHHOTO U MHOTOJIETHETO U3MEHE-
HUS TemIlepaTypbl U cojieHocTu Bon Kacnuiickoro
MODPSI 32 IPaKTUYECKM BEKOBO Iepuo/1 HaOJI101eHUA
Ha ocHoBe b/I, KkoTopyto ygamock cobpaTh K HACTOSI-
1IeMYy BPEMEHU.

MATEPUAJIBI U METOJbI

OCHOBOIf McCCIeTOBaHUSI CTaJl apXUB TIEPBUYHOM
OKEaHOJIOTUUECKO U METeopoJornyeckoit nHoop-
Manuu 3a nepuon ¢ 1897 mo 2013 rr., BKIIOYaIONIui
43333 mopckux cranuuu [1, 35] (puc. la, 1r). Uc-
TOYHUKAMU JaHHBIX CIYXWIM apxuBbl HalimoHanb-
HOI aIMUHMCTpAIMKM Mo oKeaHy u atmocdepe CIIA
(HOAA), Enunoii cucteMbl nHpopMauu ob odcra-
HOoBKe B MupoBom okeaHe (ECHMIMO), otmenbHEIE
OIyOJIMKOBaHHbBIE JIMTEPATYPHbIE UICTOYHUKU U pe-
3yJAbTaThl 3Kcreauiuii KOxXHOro Hay4yHOro 1eHTpa
PAH. Bcs nagopMmaliis npoluia MHOTOYPOBHEBYIO
CUCTEMY KOHTPOJISI KaueCTBa B COOTBETCTBUU C TMOJI-
XOJdaMU, pa3BUThIMU B [22, 29—34].

B nacrosiee Bpems ata Bl sBiisieTcst, mo-Buam-
MOMY, HauboJiee MOJHOM U3 001Iea0CTyITHbBIX. CBO-
OomHEIN gocTynm K Heit ocymectBiasier HOAA
(http://data.nodc.noaa.gov/woa/DATA_ ANALYSIS/
LME _ supplementary/) u FOXHbIii HaydHbIH LEHTpP
(http://atlas.ssc-ras.ru/). Peectp manHbix mo Kac-
NUMCKOMY MOPIO, CO3MaHHBII B pamkax Kacrmii-
cKoii akosiornyeckoit mporpammel (KOIT), conepxkan
MeTanHpopManuio o 88311 MOPCKMX CTaHLIUSIX, HO
OHM pPaACCpPelOTOYEHBI B pa3HbIX OpPraHu3aIUsIX.
B nokropckoit mucceprauuu B.C. Tyxunkuna [26]
nuMmeeTcs ccbuika Ha bBJI, Bkmovawllyro 0oJiece
60000 MOpCKUMX CTAHLIMI1, HO YCIOBUS JOCTYIA K Heit
B HacCToOsIIlIee BpeMsI HESICHBI.

Uccnenposanusa B KacrmiickoM mMope TIpakThde-
CKM BCerma MpUypoUYeHbl K “BEKOBBIM” TUAPOJIOTHU-
yecKuM paspesam (puc. 1r) [9, 18], B mpenenax KoTo-
pPbIX B OCHOBHOM DPACIIOJIOXKEHbl MOPCKHE CTaHIIUU
HaomoaeHuii. [ToaToMy UMEHHO pas3pe3bl paccMar-
pMBaIOTCSI B HaACTOsIIE paboTe IJisl BBISIBICHUS
MEXTO0I0BOI 1 CE30HHOI NM3MEHUYMBOCTU TEMITIEPATY-
pbl U cojieHocTU Boabl Kacnuiickoro Mopsi. JIjist HUx
MOCTPOEHBI OCPEAHEHHbIE 3a BECh IMEPHUOJ HAOII01e-
HUI BEpTUKaAJIbHBIE pacIpeieieHUs TeMIIepaTypbl U
COJICHOCTH, T.H. “KJIMMaTUYECKHE HOPMBI~, OTTyOJIN-
KOBaHHBIE B KJIMMaTUYECKUX aTiiacax [1, 35], BbITOII-
HEHO OCpeAHEeHME ISl OTIAENbHBIX MEepUoA0B, pac-

MATHUIIOB u np.

CYMTAaHBI TPAaDUKN CE30HHONW M MEXKTOHOBOI M3-
MEHYMBOCTU. JlOMOTHUTENBHO OBLI pPacCcMOTpEH
MEepUINOHAIBHEIN pa3pe3, TPOXOMSIINIA yepe3 Hal-
6oJiee TITyOOKOBOIHBIE YaCTU MOPSI C Iora Ha CeBep U
OKaHYMBalOLIMiicA B enbTe p. Bonra.

IMpuMeHsICS CIIEAYIOINI METOIUYECKUIA TTOIXO/T
K ocpenHeHmio maHHBIX [30]. BBemena perynsgpHas
ceTKa paspelueHueM 15” X 15, mpu 3ToM paccMaTpu-
BaJIMCh TOJILKO KBaJpaThl, ITepeceKaloline pa3pessl.
B 3TOM ciiydae KaxxnoMy KBagpaTy B IIpeaesiax pa3pe-
30B MPaKTUUYECKU BCEraa COOTBETCTBYET OHA CTAH-
JapTHasl CTaHLIVS pa3pesa.

Ha mrepBoM 1m1are 1j1s1 KakIoro KBaapara Ha CTaH-
napTHbix ropuszoHTax 0, 5, 10, 20, ..., 900 M maHHbIE
OBLIM OCPEOHEHEI IS KaXKI0Tr0 Mecslia KaXa0ro Io-
na. KpaitHue 3HaueHNs1 (MUHUMYM U MaKCUMYM) OT-
OpacwiBanmuch. TakuM oOpa3oM, oguH KBaapaT Kaxk-
JIOTO Mecslia KaXIoTo Toja XapaKTepru3yeTCsI OTHUM
3HaYEHMEM TeMIIepaTyphbl WM COJIEHOCTU (CpeaHee
10 BCEM CTaHLIUSIM, TTONaAalolInM B KBaapar).

Ha BTOpOM 1m1are ISt KaxkImoro Mecsiia M KaskIoro
KBaZpaTa 0 CTaHOAPTHBLIM TOPU30HTaM BEHITTOJIHEHO
OCpeTHEHWE MaHHBIX JISI BCEr0 paccMaTpUBAEMOIO
neprona. [1pu 3ToM HaOIIOIEHWS, BBIIOJHEHHEBIE B
TOIBI C aHOMAJTBHBIMU CPETHETONOBBIMHU 3HAUCHUSIMU
TaKMX TapaMeTpoB, KaK TeMmIlepaTypa BO3ayXa, CKO-
pOCTB BeTpa, OCalIK1, UCITapeHue, CTOK p. Bosra B pac-
YeT CpeTHEKIIMMATUIeCKOM HOPMBI He BKITIOYAJIHCH.

Hnsa aHaim3a MeXTOIOBON M3MEHYUBOCTH COJIe-
HOCTHU Y TeMIIEpaTyphbl BOAbI BLIIEJIEHO MATh BpEMEH-
HBIX TIEPUOI0B, MCXOIST U3 COBMECTHOTO PACCMOTpe-
HUsI TpaMKOB U3MEHEHUS YPOBHS MOPSI, YKa3aHHBIX
BBIIIIE METEOPOJOTMYECKUX IapaMeTpoB U CTOKa
p. Boara (cm. puc. 1 u mosicHeHHe K HeMy). B mipene-
Jlax KaXIOoro BPEMEHHOTO IIeprolia IPOBOIMIOCH
OCpeHeHHUE IJIsl KaXIIOro Mecsilia M KaxIoro KBaj-
para I10 CTaHIApTHBIM TOPU30HTAM.

TakuMm o00pa3oMm, TIOCTPOEHHME BEPTUKAJIBHBIX
pacrpeaesieHU IS BceX “BEKOBBIX” pa3pe30B BhI-
MMOJTHEHO IJIsi CPEOIHEKIIMMATUIEeCKNX YCIIOBUIA 1 Xa-
PaKTEPHBIX IEPUOIOB C OTHOCUTEIBHO CTaOUJIBHBIM
MoJioXeHUeM ypoBHs Mopst (puc. 1). st BU3yanusa-
UM Pe3yJbTaTOB MCIOJb30BAIMCH BO3MOXKHOCTU
nporpamMmMmHoro komruiekca ArcGIS ESRI.

ITocTpoeHue rpaduKoOB CE30HHON U3MEHYUBOCTH
TeMIlepaTyphbl U COJIECHOCTH BOIBI MO CTAaHIAPTHHIM
TOPU30HTaM BBIIIOJHSJIOCH IS KaXOAOro KBaapaTa
“BEKOBBIX” Y MEPUIAMOHATBHOTO pa3pe30oB, HO MpPU
OOCYXIEeHUN pPe3yJIbTaTOB IPUHSITHI BO BHUMAaHNE
TOJILKO LICHTpaJIbHbIE KBaapaThl pa3pe30B, HauboJjee
obecriedyeHHbIe JaHHBIMU HaOroneHuii [30].

PE3VIJIBTATBI 1 X OBCYXIEHHUE

B XX B. kTuMaTn4eckme yCIoBUs U BogoOaIaHCo-
BBIN pexkuM Kacnuiickoro Mops mperepries 3HaYu-
TelibHbIe M3MeHeHUs1. COJIEeHOCTh U €€ BHYTPUBEKO-
BbI€ (OJTYKTYallUM MOKHO CUMTATh MHIANKATOPOM IIPU
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OIleHKaX M3MEHEHMsI BOJooOMeHa B mope [2, 23].
Kak 6yneT moka3zaHo HMXe ITPY paCCMOTPEHUM COJIe-
HOCTHU Ha “BEKOBbIX” pa3pe3ax, OHa 00J1adaeT CJIOX-
HOM MEXTOIOBOM M3MEHYMBOCTHIO, HA (hOHE KOTO-
poii mpocaexXuBaeTcss HeKoTopask HMKJIMYHOCTh. To
K€ OTHOCHUTCS M K MEXTOJIOBOM TMHAMUKE TeMIIepa-
Typbl Boabl. [1pu 3TOM B OTHEIbHBIX paliloHaX MEXTO-
JIOBbIE UBMEHEHUSI SIBJISIOTCSI CUHXPOHHBIMM, HO HE
BCerga OqHOHANpaBJICHHBIMU.

Ilepuon 1961—1967 rr. /1151 BoctouHoit yactu Ce-
BepHoro Kacrmus [9, 18] u paitona KynammHcKoro
ropora repuon 1961—1967 rr. xapakrepusyercs Io-
HIDKEHHBIMUA 3HAaYEeHUSIMHU COJIEHOCTU II0 CpaBHE-
HUIO CO CpeIHEKJIMMaTU4ecKoil HopMmoil ao 1%e.
MuHuMaJIbHBIE 3HAaYEHUSI COJIEHOCTM B BOCTOYHOM
paiioHe oTMedJaloTCs B Mae, KOIla MpakKTUIECKU BECh
paiioH 3aHSAT BogaMM € COJIEHOCThIO <3.5%0. BepTu-
KaJIbHasl COJICHOCTHasI cTpaTudUKalus OTCYTCTBYET
BO Bce Mecsubl. Han Ypanbckoii 60po3auHOIL B am-
pene, hiojie 1 OKTSIOpe (DOPMUPYIOTCSI 09aru ¢ MOHM-
KEHHOM TeMIIepaTypOl BOABI OTHOCHUTEJIBHO OKpPY-
XKamomux Bog Ha 1°C 1 moBBIIIICHHEIMA 3HAYEHUSIMU
costieHoctu Ha 0.5%o0. CeBepHast obnacTb KynaauH-
CKOTI'0 Iopora ¢ Masl 110 MI0JIb 3aHsTa BOJAMMU C COJIe-
HOCTBIO 110 3.5%0. Bonsl ¢ coneHocThio 6oiee 12 %o
ceBepHee 0. Kynanel He ormeuaroTcs. HanmeHblme
W3MEHEHMS XapaKTEePHBI JJIs IPUIOHHOM LIEHTpaIb-
HOM JyacTu pa3pesa 4. 31ech OTHOCUTEILHO CpelHe-
MHOTOJIETHETO 3Ha4eHMSI COJICHOCTh HUXE Ha
0.1—-0.2%0. 3aTok TpaHC(HOPMUPOBAHHBIX CPEIHE-
KAaCIIMICKMUX BOL C COJIEHOCTBIO Oosee 12.5%o0 B Ce-
BepHbIi Kacrmit mpomcxommir B cioe Hinke 10 M.
Bo3zne BocTouHOro 6epera cpegHeKacIUiCKE BOIbI
BBIKJIMHUBAJIMCh Ha TIOBEPXHOCTH (pa3pe3 4) (puc. 2).

B Cpennem u IOxHom Kacrium [9, 18] B 1961—
1967 rr. 3a mpenenamMu 1ejiba COJEHOCTh OT TIO-
BEpXHOCTU 10 JHA OJMHAKOBa, cocTaBisia 12.8 u
12.9%0 cooTBeTcTBeHHO (pHC. 2, pa3pe3 M). ¥ Bo-
CTOYHOTO IT00EPEeKbsI 3HAUYCHMSI COJICHOCTHU BOJBI J10-
cruranu 13.1%o0. B y3Koi1 monoce BHOIbL 3alagHOTO
nobepexbst CpegHero Kacmus IposiBIIsIeTCsl BIUSI-
Hue BoKckux Bof. Ilo cpaBHeHmIo ¢ 1914—1934 rr.
npou3onio norervieHue (Ha 1°C) u oconoHeHue (Ha
0.1%o0) Bom HiXe 100 M B paifoHe ANIIIIEpOHCKOTO TT0-
pora, YTO MOXKET OBITh CJICICTBIEM N3MEHEHMS MeXa-
HM3Ma BEHTWISILMU TTyOOKOBOIHBIX KOTJIOBUH (puC. 2
u 3 pa3pe3nl 6 U M).

Ilepuon 1972—1979 rr. B BocTrouHOM paiioHe Ce-
BepHoro Kacnms BepTukanbHast cTpaTuduKais Bom
oTcyTcTBYeT. Tak ke, kKak B 1961—1967 1T., B oTO€b-
HBIE€ MECSIIIBI IIPY YCJIIOBUHU OOJIBIIIOTO 00beMa IIOCTY-
MaoIINX CpEeIHEKACITMICKNX BOd B paifoHe Ypalb-
CKOi1 60p03n1HBI (POPMUPYIOTCSI OYArd C TTOBBILLIEH-
HBIMA 3HAYCHUSIMU COJIEHOCTHM OTHOCHUTEIBHO
BhIIEJIeXaIux cioeB Ha =0.5%o0. B MHoroietrHem
peXuMe 3TOMY paiiloHy CBOMICTBEHHa HauOOJIbIIas €€
U3MEHYUBOCTh (puc. 2). B mepuog 1972—1979 rr. us-
3a MUHMMAJbHOTO IIOCTYIICHUSI PEYHOIO CTOKa U
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YBEIUYCHUST KOMIIEHCAIIMOHHOTro nmoaToka u3 Cpen-
Hero Kacmust mpousoniuio ocoioHeHue Ha 2.5—3.0%o0
U B paitfoHe YpaJbCKOil OOPO3IMHBI 3HAYCHUS COJIC-
HoctH ctajnu mocturath 10.1%o, TIipu cpemHeM ISt
Bcero paspesa 9.2%o [2]. Takum 06pa3oM, COTEHOCTU
BOCTOYHOM M 3aaJgHON 4YacTeil MpaKTUYECKU CpaB-
Hamuch (9.2 1 10.6%o0 COOTBETCTBEHHO), HO B 3amai-
HOM COJIEHOCTb ObLJIa BHIIIIE.

B MHorosetHeit n3amMeH4YnBOCTH cojieHocTu Ce-
BepHOTro Kacnust BeiAeasieTCsl ABa MaKcuMymMma: ¢ 1974
mo 1976 rr., ¢ 1982 mo 1983 rr. IlepBrIit cBSA3aH co
3HAYUTEJIbHBIM YMEHbIIEHEM 00beMa peUHOTO CTO-
Ka, KOJIMYECTBA OCaJKOB, CHIXXEHUEM CKOpOCTeit
BeTpa. Bropoit — ¢ pocToM TeMnepaTyphl Bo3ayxa 1
HCIapeHusl, YBeJIUYEHUEM CKOPOCTeil BeTpa U 00be-
MOB peyHOro cToka. Kak 6yner rmokasaHo jajiee, Io-
cie 1983 1. MOXKHO OTMETUTH OTHOCHUTEIEHOE OIIpec-
HEHHUE Ha BCEX TOPU3OHTAaX.

Takxkxe Ha (oHe yMeHBbIIEHUS OoO0beMa PEYHOTO
CTOKa M KOJIM4YeCcTBa ocankoB B 1970-e IT. IIpoun3o-
IIJIO 3HAYUTEJIbHOE OMNpPECHEHUE CEBEPHON 4YacTu
pa3pe3a 3a U OCOJIOHEHME I0KHOM, YTO MOIJIO OBbITh
clleICTBUEM TiepepacnpeaeieHus ctoka p. Bosra o
pykaBaM. B cBs13u ¢ mageHneM ypOBHS MOPSI 1 OOMe-
JICHUEM 3HAYUTEJbHBIX IIPUACIBTOBBIX IUIOIIANCIH
OCHOBHOI1 00beM CTOKa HaIpaBUJICS MO 3aIllalHOMY
pykaBy peku. B 310 BpeMs Ha 1ore pa3pesa ormeva-
10TCsI 00JIee COJIeHbIE, YEM IPU CPEAHEMHOTOJIETHEM
pexXuMe, cpeaHekacnuiickue Boapl. Takum oOpa3om,
pa3pe3 3a B 3TOT MEPUOJl XapaKTepU3yeTcsl 3HAUYU-
TeJIbHBIMU TOPU30HTAJIbHBIMU TpaJUEeHTAMU BO BCE
Mecsiibl. OOMeIeHre aKkBaTOPUU MPUBEJIO K 3aTpy/l-
HeHunio BogoooMeHa Mexay CeBepHbIM 1 CpeTHUM
KacnueMm. 3aTok cpegHeKacUCKUX BOMTHBIX Macc
OCYLIECTBJISICS BIOJIb M-0Ba MaHThBIIIAK 1 jJajee
yepe3 ceBepHylo yacth KynanumHckoro mopora, co-
31aBasi OOIIMPHYIO GPOHTATBHYIO 30HY. OTTOK IIpO-
HUCXOWJI yepe3 mpoiuB o. Kynaabl — rm-oB MaHTbII-
Jlak. BiusiHue CTOKOBBIX TEUEHUI Ha BCEM CEUEHUU
paspesa 4 (muHusa o. YeueHb — 1M-o0B. MaHTHINIIAK) B
MeproJ MOJOBOJbSI Pe3KO BO3pocio. B uoHe MUHuM-
MYM COJIEHOCTU ObICTPO pacpoCTpaHseTcs 10 Kpaii-
Hell BOCTOYHOI 4acTu paspes3a, U TaK Xe OBICTPO
BJIMSIHUE MMaBOJIKa MPOXOAUT. B aBrycre cienbl npec-
HBIX BOJ 3aMETHbI TOJILKO y ArpaxaHCKOIo I1-OBa.
I1pu cpenHEMHOTOIETHUX YCIOBUSIX, B TTPEABLAY NI
U ToCJieAYIOIUA TTIepUobl MUHUMYM COJIEHOCTU Y
m-oBa MaHrbllL1aK oTMeuvaeTcs B aBrycte. [Ipu aTom
B palioHe pa3pe3oB 1, 2 u 3 yBenuuBaeTCs TeMIiepa-
Typa BOJIbI BO BCE MECSIIbI, 32 UCKITIOUEHUEM UIOHS —
Meproja MaKCUMaJIbHOTO peyHoro croka. B paiioHe
ArpaxaHcKOro n-oBa 1 o. YeueHb TakKe HaOI01aeT-
cs yBeJIMYEeHUE TemIiepaTypbl Boabl. MHTEeHCUBHOE
MOCTYTJIEHUE OXJIAXIEHHBIX U 00Jiee COJIEHBIX Cpe/l-
HEKaCMUNACKUX BOJI TIPOUCXOIUT TOJBKO B LICHTPAIb-
HEBI1 1 BOCTOUHBIH paitoHsl CeBepHoro Kacmmsi.

Ha Bceit akBatopuu Cpentero u IOxuoro Kac-
MUsl MPOU3O0ILILIO YCUJIEHUE BEPTUKAILHON CTpaTu-
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Puc. 3. BeprukanbHoe pacrnpeaeneHue Temieparypbl Bog (°C) Kacnuiickoro Mopst Ijist XapakTepHBIX IIepUOI0B (aBrycCT).

¢duKau BOJI 3a CUYET ONPECHEHUS ITOBEPXHOCTHOTO
CJI051 1 OCOJIOHEHMST HypKenexaux (puc. 2, paspes M).
IIprumHa JAaHHOTO SIBJICHUSI — TepepacipeaeieHue
cToka p. Bojira mo pykaBaM M ycujeHUe 3amagHOi
BOJIXXCKOM cTpyu. BausiHMe pedyHOTo CTOKa Ha coJie-
HOCTB 3anamHoro 1meiabda Cpemnero Kacrnmsa pesko
BO3poCiI0. U3MeHUIICST CE30HHBII X0 COJIEHOCTU U B
paitoHe pa3pesa 6 (puc. 4).

OKEAHOJIOT U4 2018

TOM 58 Ne 6

M3-3a KOHBEKTUBHOIO TEPEMEIINBAHUS CE30H-
HOE OIIpeCHEHME CTajo IPOHUKATh Tiyoxke 50 M.
B mpoMexxyTouHOM cjioe ¥ Ha IPUIOHHBIX TOPU30H-
TaxX 3HA4YEHUs COoJIeHOCTH Bospociu Ha 0.5—1.1%o,
Beiire 50 M, HaoOOPOT, COJIEHOCTH CHM3WJIACh Ha
0.2—0.3%0 (MakcumyM B uioHe 0.4%o) 1Mo cpaBHe-
HUIO C TIPpEOBIAYIIUM IIEPUOIOM. Y BOCTOYHOTIO
menbda oTMedaeTcsl HEKOTOPOE YBEIMYEHUE COJIe-
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HOCTH, IO3TOMY IO cpaBHeHMIO ¢ 1950-Mu romamu
¢OHOBEIE 3HAUCHMSI COJICHOCTHU B palioHe pa3pe30B 4
u 6 ocTaJIuCh MTOBBIIIeHHBIMU. Kak mokaszaiu pacue-
THI [2], B paitoHe pa3pe3a 4 cpeaHne 3Ha4eHUS COCTa-
Buian B 1951—1965 rr. 11.9%0, a B 1974—1980 rr. —
12.4%o. B paitoHe pa3pesa 6: B 1951—1965 rr. oHU OBI-
1M paBHBI 12.8%0, B 1974—1980 rr. — 12.9%0. B cnoe
10—30 M Takke HaOmIOHaeTCs MOBBIIIEHUE CPESIHUX
3HAYEHUIT COJIEHOCTH.

Ce30HHBII X0l TeMMepaTypbl BOJAbI, paCCUMTaH-
HBII IS KBaIpaTOB LIEHTPaJbHBIX 00JIacTeil pa3pe-
30B IO MepuoaaM (puc. 5), mokasbiBaeT, YTo B 1970-x
rojiax MpoU30I1ILIO yBEJUYEHUE TeMIIepaTyphl BOIbI B
npenenax 1°C ajist 3Tux pailoOHOB B JICTHUI ITepUOI Ha
MMOBEPXHOCTHOM Topu3oHTe. Kak BuUmHO Ha pa3pesax
(puc. 3), 3HAYUTENBHBIX KAUYECTBEHHBIX M KOJIMYe-
CTBEHHBIX U3BMEHEHUI B BEpTUKAIILHOM pacIipenesie-
arn Temnepatypbl B CpenHem u FOxuom Kacnimm He
Haboganock nocie 1930-x romos.

Ilepuon 1984—1991 rr. B CesepHriit Kacniuii oc-
HOBHOI1 00beM IIPEeCHOTo cToKa p. Bonra mocryman
0 3aITaTHOMY pyKaBy. XapaKTepHOM 0COOEHHOCTHIO
B MHOTOJIETHEM XOJI¢ JIJIs Er0 BOCTOUYHOIO paiioHa sIB-
JISIeTCST Pe3KOe CHIDKEHUE COJIEHOCTH Ha BCEX TOPU-
30HTax mocje 1982 r. B ampese, MI0OHE U OKTSIOpe U
yBEJIMYEHUE PA3HOCTU 3HAYCHUI MeEXIy IOBepX-
HOCTHBIM M IPUIOHHBLIM TOpU3oHTaMU. B aBrycre Ha
IPUYCTBEBOM B3MOpPbE P. Ypall HabIomaeTcs IOX0-
»Kasg auHaMuKa. Ho B mpenenax Ypaibckoii 60po3au-
HBI (TJIyorHa >5 M) TpeH I (KaK ITOJIOXKUTEIbHBII, TaK
Y OTPULIATENIbHbBII) OTCYTCTBYeT. ToabKo B 1991 1. 3a-
METHO HEKOTOPOE CHUKEHHUE COJICHOCTH, XapaKTep-
HOE IS BCEi TOJIIIN.

Ha 3amane CeBepHoro Kacnusi mpecHble BOOBI
pacTeKarTCcs B IIOBEPXHOCTHOM CJIO€ MOPSI, a HE KaK
00BIYHO BHoJIb Oepera. FOxkHee cBaja TIyOMH BOIBI
cTpaTU(ULIMPOBaHLI BeCh rod Ha BceM pa3spe3e 4
(puc. 2). Panee [25] 310 sIBJIeHHE OTMeYaIaCh TOJIBKO
B JIETHME MECSIbl B I0ro-3aragHoM paiioHe. Takas
CMEHa BEPTUKAJILHOM cTpaTU(hUKALMU U yBeJIM4e-
HHeE 30HbI IIOBEPXHOCTHOTO ONPECHEHUS HAa TpaHULIe
CesepHoro u CpenHero Kacmust MoXeT OBITh CJIEe-
CTBMEM CMEHBI HAIIpaBJICHUS BeTpa U YCUJICHUEM €TO
CKOPOCTH, a TakKKe BO3POCIIMM OOBEMOM PEYHOTIO
CcTOKa. OTH (PaKTOPhl B KOMIUIEKCE MOIJIU MPUBECTHU
K pacIipeCHEHMIO IIOBEPXHOCTHOTIO ¢JIosI B CeBepHOM
Kacnnu u ycuiieHro mpuaoHHOTO KOMIEHCAIIMOH-
HOI'0 T€YEHMsI, KOTOPOE MOXHO IIPOCJIEAUTDH MO BO-
JIIOLMY BEPTUKAILHEIX TTOJICH TeMIepaTyphbl U COJIe-
HOCTHU. 3aTOK CpeIHEKACIIMICKUX BOI IIPOUCXOIUT B
MPUIOHHOI yacTu paszpesa 4, najee pacrpocTpaHs-
SIChb B BOCTOUHYIO 00J1acTh BOoJIb 0. Kynanel. Temmne-
paTypa BOIbI IIOBBIIIAETCSI, HO HE BOCCTAaHABIMBACT-
cs1 0o 3HayeHuit 1914—1934 rr.

C nmombeMoM ypoBHsI Mops B 1984—1991 rr. po-
n3olwuio onpecHeHue Kacnuiickoro mops [23]. Yeu-
JINJach BEPTUKAIbHAS CTpaTU(UKALIVS BOJ B paiioHe
ATrmmrepoHcKoro 1 MaHTBIIIIAKCKOTO MTOJIYOCTPOBOB.

MATHUIIOB u np.

B xotmoBunax Cpennero n FOxnoro Kacrius coire-
HOCTh YMEHBIIMJIACh M He TipeBbiiaia 12.8%o (puc. 2,
paspe3 M). YMeHbIIWIACH Pa3HUILIA MEXKAY BOCTOU-
HBIM U 3alTaIHBIM ITo0epexbeM. DopMupoBaHUe CO-
JIEHBIX BOJI C IMOCJEIYIOIIUM X CTeKaHUEM I10 CKJIO-
HY BOCTOYHOIO ITOOEpeXKbsI HE IIPOCIICKUBACTCS.
Ha rpaanne ¢ FOxueim Kacrmiem chopmmupoBannch
BOJHbIE MACChI C COJIEHOCTHIO 10 12.7 %0 10 TOpU30H-
Tta 50 M (puc. 2, pazpe3 M), 4TO OTMEUAIOCh paHee
TONBKO B Havaye XX Beka [17].

Heo6xonnMo OTMETUTH, YTO 3HAYUTEILHEBIC W3-
MEeHeHMs TeMItepaTypsl Boa Kacnuiickoro mopst xa-
PakTepHbI TOJILKO IJISI CEBEPHOM 4YacTU M, I10 BCEM
BUIVMOCTH, CBSI3aHBI C IIepeHaIpaBIeHUEM IIOTOKOB
B 1970-¢ rr. (puc. 3). JIumip B FOxHom Kacnuu B
1978—2000 rr. TemnepaTtypa 3HA4YMMO ITOBBICHJIACH
Ha 0.3—0.5°C ke 300 M. Tak:ke MOXXHO OTMETUTh
notenieHure ciioeB Hizke 100 M B paitoHe AITIIIepoH-
ckoro 1nopora Ha 1.0°C. Takue pe3yabTaThl COrjiacy-
IOTCS € TTOJIYYEeHHBIMU paHee B pabote [26].

SAKJTIOYEHUE

AHan3 BEpTUKAIBHBIX Pa3pe30B ITO3BOJIMJI BbI-
ABUTHb HEKOTOPHBIC Ba>XHBIC 3aKOHOMEPHOCTHN B U3-
MEHYMBOCTM COJICHOCTH M TeMIlepaTyphl Bon Kac-
MUIACKOro Mops.

B 1914—1934 rr. ormeuanach ycroitumBasi coJe-
HocTHas ctpatudukanuys [17]. U3 Cpennero Kacnims
BOJIbI MTOCTYMAaJd B CEBEPHYIO YacCTh IO BCEMY ceue-
Huto paspesa 4. [Tozxe (1960-e Tombl) TP YMEHB-
IIeHUHW yPOBHS Ha 2 MeTpa c()OpMHUPOBaAIaCh TOMO-
XaJquHHas cTpyktypa Bog Mopsi. C 1972 mo 1979 rr.
MPOUCXOOWIO YCUJIEHNE BepTUKAJIbHOM HEOTHOPO -
HOCTU BOAHBIX Macc. Ilpu 3ToM paccuuTaHHBIC Ha
ocHoBe nH@opMaLuu u3 b/l cpenHerogoBbie 3HaUYE-
HUSI COJICHOCTHU IUIs1 “BEKOBBIX” pa3pe3oB B ciaoe 0—
100 M MOKa3pIBAIOT ITOCTENIEHHOE YMEHBIIEHHE CO
cpeauuMm temiioM 0.02—0.06%o0 B rog HecMOTps Ha
poaoJKaloleecs NnajaeHue ypoBHSI 1 OTHOCUTEJILHO
HM3Kuii cToK. B 1980 r. cHOBa MpoMCXOOUT pe3KUid
poct coneHoctu (Ha 0.3%o 3a ron B paiioHe paspesa 6),
3aTeM OISITh COJIEHOCTh HanaeT, 0ojee OBICTPHIMU
TeMIIaMM, YeM B MPEAbIAYIINI TIepPUOl, TeIephb yKe
BCJICICTBUE YBEJIMUCHUSI CTOKA M Ha (poHe moabeMa
ypoBHs Mop# (1toutu Ha 1.5 M). B coBpeMeHHBIi1 Tie-
puon (2000—2010 rr.) B ceBepo-3anaaHoOi 4acTh MO-
psi HabJIIOMaeTCsT CHUKEHHUE COJIeHOCTH Ha 2.1%o0 110
CpaBHEHUIO C IIEPUOAOM MUHUMAJIBHOTO IOJIOXKEHUS
ypoBHS [2], Hannumne BBIPasKEHHOW BEPTUKAJIBLHOMN
yCcTOWYMBOI cTpaTudUuKauuu. TakuM odpa3oM, Io-
clie 6osiee yeM 30-JI€THETO yBEJIMUYEHUSI U CMEHBI TH-
na 7TS-cTtpatudmkai BoOHA, PEXUM COJICHOCTH
MPaKTUYCCKU BEPHYJICS K TIEPBOHAYAJIBHOMY COCTO-
sHuIo (Havama XX Beka).

st menkoBogHoro CeBepHoro Kacmust MexXro-
IIOBBIE KOJIeOAHUSI YPOBHSI MOpSI U, KaK CIIEICTBUE,
W3MeHEeHHEe MOP(HOMETPUIECKIX YCIOBUM SIBIISIIOTCS
OKEAHOJIOT'UA Ne 6
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OIHUMMU U3 OIPEIEISIOINX TP (DOPMUPOBAHUH TTO-
Jieit TeMnepatypbl U cojieHOCTU. OT 3TOro 3aBUCUT
WHTEHCUBHOCTh BOIOOOMEHA MEXIYy BOCTOYHOU U
3amagHoi vactaMmu depe3d KymanuHckuii mopor, a
TaKXXe caMa cxeMa BOIHBIX ITOTOKOB. CyllleCTBEHHBIE
M3MEHEHUSI TUAPOJIOTMYECKOTO pPeKrMa B TIIyOOKO-
BogHOoM Cpemrem n FOxxrnoM Kacrmim, mpexne Bcero,
00YCJIOBJICHBI KOMITJIEKCHBIM BO3JEMCTBUEM KIUMa-
TUYECKUX U aHTPOITIOTeHHKIX (PaKTOPOB Ha BOIOCOO-
pe. B onipenenieHHOI Mepe BIMSIET CyOMepUANOHAIb-
HOE TIOJIOKEHUE U TOJILKO OTYACTU KOJIEOAHUST YPOB-
Hsa. OO0 3TOM MOXET CBUACTEIILCTBOBATH TOT (PaKT,
YTO MOCJIE PE3KOro IMaaeHusI ypoBHS Mops B 1929 1.
1o koH1ia 1940-x romoB aHOMaJIM B pesKMMe COJIEHO-
CTH, aHAJIOTUYHBIX PACCMOTPEHHLIM BBIIIIE, B JINTE-
patype He OTMEUEHO.

HN3menenue pexuma cojieHoctH B CpemHeM u
IOxnom Kacnuu, corpoBoKIaBilieecsl YBEJIUUEHU-
€M BEepTUKaJIbHOI cTpaTu(UKalMM, OIpPEeCHEHUEM
IMOBEPXHOCTHOTIO CJIOSI M OCOJIOHEHHEM OoJiee ri1y0o-
KX B 1970-X IT., 1 caM MeXaHU3M, BbI3BaBIII1ii TAKKUE
TpaHchopMalliy, He XapakTepHbl mjisd CeBepHOIo
Kacnmsa. B 1970-e ronpl, ¢ mageHneM ypoBHS MOPS B
CeBepHoM Kacruu HabmomaeTcsl OCOJIOHEHHE, B
HauOOJIbIIIeil CTEIIEHU IIPOSIBUBIIEECS B BOCTOYHOM
paiioHe. DTO CBsI3aHO C IIepepacipeaeieHueM o0be-
MOB ITOCTYNAIOIIUX PEYHBLIX W CpeaHEKACITUICKUX
BOJI, YTO MOATBEPKIAIOT ITOPSIIKY BEIMYNH U3MEHE-
HUS XapaKTEPUCTHUK.

UccnengoBanne BBIMOJHEHO TIpU (PUHAHCOBOI
noaaepxkke POD®U B paMKax HaydyHOTO IIpoeKTa
Ne 16-35-60046 mon_a_nk, PODU u PI'O B pamkax
Hay4dHoro npoekrta Ne 17-05-41190 PI'O_a.
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of the Caspian Sea during the XX Century

ID. G. Matichov], N. A. Yaitskaya, S. V. Berdnikov

The paper considers the geoinformation system of the Caspian Sea, which includes the mega database of pri-
mary oceanographic and meteorological information for period 1914—2010, historical cartography informa-
tion and modules for spatio-temporal analysis. Based on this mega database the average annual vertical cli-
matic sections of the salinity and water temperature and anomalies of them for specific periods were created.
The new quantitative and qualitative changes, occurred during the XX century in the structure of sea water,
were described. The simplified scheme of water exchange between various areas at different positions of the

sea level were proposed.

OKEAHOJIOTHUA  tom 58 Ne 6 2018



ISSN 0001-4370, Oceanology, 2018, Vol. 58, No. 6, pp. 786—795. © Pleiades Publishing, Inc., 2018.
Original Russian Text © D.G. Matishov, N.A. Yaitskaya, S.V. Berdnikov, 2018, published in Okeanologiya, 2018, Vol. 58, No. 6, pp. 864—874.

MARINE PHYSICS

Temperature and Salinity Variations in Caspian Sea Waters
in the 20th Century

D. G. Matishov~ %<, N. A. Yaitskaya><%¢ * and S. V. Berdnikov* * ¢

4 [nstitute of Arid Zones, Southern Scientific Centre, Russian Academy of Sciences, Rostov-on-Don, 344006 Russia

bAzov Branch, Murmansk Marine Biological Institute, Kola Scientific Centre, Russian Academy of Sciences,
Rostov-on-Don, 344006 Russia

¢Southern Science Centre, Russian Academy of Sciences, Rostov-on-Don, 344006 Russia
4Sochi Research Centre, Russian Academy of Sciences, Sochi, 354000 Russia
¢Branch of the Institute of Natural and Technical Systems, Sochi, 354024 Russia
*e-mail: yaitskayan @gmail.com
Received December 7, 2016; in final form, June 22, 2017

Abstract—One the most complete megadatabases for the period of 1914—2010 is used to study the interannual
dynamics of salinity and temperature of Caspian Sea waters. Periods with relatively stable sea levels but dif-
ferent climatic conditions are considered. Average interannual climatic salinity and temperature profiles of
water and corresponding anomalies are analyzed. Quantitative and qualitative changes in the structure of sea-
water that took place during the 20th century are described. Schemes of water exchange between particular

sea regions for different sea levels are proposed.
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INTRODUCTION

There are several stages of the Caspian Sea level
that can be distinguished throughout the 20th century
(Fig. 1c): high stand (—26 m before 1934), drop (down
to —28.9 m by 1977), growth (up to 1992), and stabili-
zation at a relatively high level (about —27 m until 2000).
After 2010, a slow drop in sea level began, which, given
ongoing climate change, may lead to restructuring of
the sea’s entire hydrological regime.

In the 19th—21st centuries, a number of compre-
hensive studies were carried out in the Caspian Sea,
the main results of which were published in mono-
graphs and general reference books on climate [3—21,
24—27]. The main regularities in the seasonal and
interannual dynamics of the elements of the sea’s
hydrological regime were revealed. Meanwhile, virtu-
ally the whole time, the initial primary data underlying
these studies were unavailable to a broad range of
users, while the cartographic data were compiled into
schematic charts.

It should be noted that the mentioned publications
utilized the data obtained in different years, with dif-
ferent processing methods, and this lack of unity
influences interpretation of the results, especially
when comparing publications considering different
periods. For example, salinity studies in the Northern

T Deceased.

Caspian Sea in the period of lowest sea level stand
(1977—1978) led specialists to ambiguous conclusions:
(a) by 1977, there was almost no difference between
salinity in the western and eastern parts of the sea [5];
(b) from 1945 to 1980, salinity in the western part
remained much higher than in the eastern [28];
(c) salinity in the eastern part approached that of the
western part, even exceeding it in 1977 [14].

In the 20th century, informational and technologi-
cal support for these studies considerably improved.
Manual data-processing methods and physical paper
storage were replaced by automated observation sys-
tems and digital databases. Information technologies
which tested and broadly used in geographic sciences
allow researchers to document (or digitize) historical
data with retention of measurement systems and car-
tographic projections, which is especially important
for constant sea level variations in the Caspian Sea
and, therefore, changes of its shoreline.

The creation of a digital database of initial oceano-
graphic data for the Caspian Sea, taking into consider-
ation world-level standards on its design, storage, and
distribution of information, has the goal of saving and
reconstructing study results that have accumulated
from long-term instrumental observations. In addi-
tion, such a database is subsequently used to obtain
new conclusions and generalizations.

In the present work, we attempted to reveal and
analyze the main peculiarities of seasonal, spatial, and

786



TEMPERATURE AND SALINITY VARIATIONS IN CASPIAN SEA WATERS 787

Station AS, %o
S 22 2 o SIS
=T == o ¥ Ad . o o
A =~ = v o o o o oo | I | o
T T T L § T I T — T— 1. — — =
=] 8 o
“ < ~E < N
b : A¥e nwln 0§
1 sqelage
o MNSEE o
S K I = S S
S S
Q IS\
- S ——— 5
XNZNF o —
> SgLoviiR
gy .
_ _ _ _ _~xdEREy %
=
— = — o~
=N
L] —
=
= ~
o~
- — — o
—
—
=
9 o
= v
[ ;
p— '
E o
on
______En —_ —
= |
= o
= Q
9 I
- |
o
o
T
~~ ~~
< o)
N — N
o
(e} 1 1 1 1 1 1 1 1 J
X n = s} = %) o %) = s
% N= © o~ o~ ) 0 o N
5§ 8 8 & § & 3
H, m

Fig. 1. Interannual variations of Caspian Sea level in selected period: (a) distribution of stations presented in database by year;
(b) water salinity anomalies (AS, %o) relative to mean interannual value along profile 6; (c) interannual variations of Caspian Sea
level; (d) spatial distribution of data in database and locations of centennial profiles: (/) starting point of profile, (2) end point of
profile, (3) observation data. T3 mean interannual temperature (°C) according to Astrakhan meteorological station; R, mean
interannual river discharge (km~/yr) in Verkhnee Lebyazh’e River section; Pr, mean interannual precipitation (mm) according
to Astrakhan meteorological station; Ev, mean interannual evaporation (mm/yr; after R. Wardlow [36, 37]); Wsp, mean interan-
nual wind speed, based on reanalysis data (m/s); Wdir, mean interannual wind direction based on reanalysis data; S?, total number
of stations employed in period; H, sea level (m) in Makhachkala; —, no data. Hereinafter, KBG stands for Kara Bogaz Gol Gulf.

interannual temperature and salinity variations in MATERIALS AND METHODS

Caspian Sea waters for a nearly 100-year observation The factual basis of the work was the archive of initial
period using a combined methodological approach  oceanological and meteorological data for the period
and the currently available database. from 1897 to 2013 from 43 333 marine stations [1, 35]

OCEANOLOGY Vol.58 No.6 2018
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(Figs. 1a, 1d). The data sources were archives of the US
National Ocean and Atmospheric Administration
(NOAA), United Ocean Data System (ESIMO), and
particular publications, including the scientific results of
expeditions conducted by the Southern Scientific Cen-
tre, Russian Academy of Sciences (SSC RAS). All these
data passed a multistage quality control system in accor-
dance with the approaches elaborated in [22, 29—34].

Today this database is probably the most complete
among those commonly accessible. Free access is pro-
vided by NOAA (http://data.nodc.noaa.gov/woa/
DATA_ ANALYSIS/LME_supplementary/) and SSC
RAS (http://atlas.ssc-ras.ru/). The data registry on
the Caspian Sea, organized in the framework of the
Caspian Environmental Program (CEP), contain
metadata on 88 311 marine stations, but these data
were available at different organizations. In his doc-
toral dissertation, V.S. Tuzhilkin [26] referred to a
database that included more than 60 000 marine sta-
tions, but its today access status is unknown.

Studies in the Caspian Sea are almost always car-
ried out along so-called centennial hydrological pro-
files (Fig. 1d) [9, 18], where marine observation sta-
tions are usually located. This is exactly why we con-
sider profiles in our study to reveal interannual and
seasonal temperature and salinity variability in Cas-
pian Sea waters. The vertical temperature and salinity
distributions for these profiles have been constructed,
averaged over the entire observation period—so called
“climatic norms” published in climate atlases [1, 35]—
and for particular periods; the corresponding seasonal
and interannual variability curves have calculated.
Additionally, we considered the meridional profile
across the deepest parts of the sea running from the
south to the Volga River delta.

The data were averaged as follows [30]. On a regu-
lar grid with 15 X 15 cells (squares), we considered
only squares that crossed the sections. In this case,
each square within the limits of the profile almost
always contains one standard station.

At the first stage, the data within each square were
averaged at standard depths of 0, 5, 10, 20, ..., 900 m
for each month of every year. The extreme (minimum
and maximum) values were rejected. Thus, one square
of each month of every year is characterized by single
temperature and salinity values (the mean for all sta-
tions falls within the square).

At the second stage, the data for the entire consid-
ered period were averaged within months and squares
at the mentioned standard horizons. Note that obser-
vations in years when such parameters as air tempera-
ture, wind speed, precipitation, evaporation, and
water discharge of the Volga River had anomalous
mean annual values were not used in calculating the
mean climatic norm.

To analyze interannual water salinity and tempera-
ture variability, five time periods were distinguished
based on combined consideration of graphs showing

MATISHOV et al.

sea level changes, mentioned meteorological parame-
ters, and water discharge of the Volga River (see Fig. 1
and its explanation). Within each time period, data for
each month and square were averaged over the stan-
dard depths.

Thus, the vertical distributions for all centennial
profiles were constructed for mean climatic condi-
tions and characteristic periods with relatively stable
sea levels (Fig. 1). We used ArcGIS ESRI software to
visualize the results.

Plots of the seasonal water salinity and temperature
variability at the standard depths were constructed for
each square along the centennial and meridional pro-
files; however, in the next section, we take into account
only the central squares of all sections, because they had
the most abundant observation data [30].

RESULTS AND DISCUSSION

In the 20th century, the climatic conditions and
water budget regime of the Caspian Sea changed con-
siderably. Salinity and its centennial fluctuations can be
considered indicators when estimating changes in water
exchange in the sea [2, 23]. Below, we demonstrate that
when salinity is considered in the centennial profiles, it
shows a complex interannual variability with a certain
cyclicity in the background. The same is applicable to
the interannual water temperature dynamics. Remark-
ably, in some areas, interannual changes are synchro-
nous, but not always unidirectional.

1961—-1967

For the eastern part of the Northern Caspian Sea
[9, 18] and the area of Kulaly sill, the period of 1961—
1967 was characterized by a salinity that decreased by
1%o0 compared to the mean climatic norm. The mini-
mum salinity values in the eastern part were reported
in May, when almost the entire region is filled by water
with salinity less than 3.5%0. Vertical salinity stratifi-
cation is absent in all months. In April, July, and
October, clusters of colder (by 1°C relative to the sur-
rounding water) and saltier (by 0.5%0) water formed
above the Ural Furrow. The northern area of the
Kulaly sill is occupied by waters with salinity up to
3.5%0 from May to July. Waters with salinity more
than 12%o0 are not reported to the north of Kulaly
Island. The smallest variations are observed in the
near-bottom central part of profile 4. Salinity here is
lower than the mean interannual value by 0.1—0.2%e..
Inflow of transformed Middle Caspian waters with
salinity more than 12.5%o into the Northern Caspian
Sea took place in the layer lower than 10 m. Near the
eastern coast, Middle Caspian waters wedged up to the
surface (Fig. 2, profile 4).

In the period of 1961—1967, salinity in the Middle
and Southern Caspian [9, 18] beyond the offshore
zone was the same, 12.8 and 12.9%o, respectively
(Fig. 2, profile M). Near the eastern coast, salinity
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reached 13.1%o. In the narrow zone along the west-
ern coast of the Middle Caspian, the influence of
water inflow from the Volga River becomes notice-
able. Compared to the period of 1914—1934, water
below 100 m in the area of the Apsheron sill warmed
by 1°C and became 0.1%o saltier, probably because of
the changed in the water exchange mechanism for
the deep basins (Figs. 2, 3, profiles 6 and M).

1972—1979

In the eastern part of the Northern Caspian Sea,
vertical water stratification is absent. Similarly to the
period of 1961—1967, in particular months, if the vol-
ume of supplied Middle Caspian water is large
enough, clusters of higher salinity (by =0.5%o0 relative
to the overlying layers) formed in the area of the Ural
Furrow. Notably, in the interannual regime, this area
is marked by the highest salinity variability (Fig. 2). In
the period of 1972—1979, due to minimum water dis-
charge and increased compensatory inflow from the
Middle Caspian, salinity increased by 2.5—3.0%o,
reaching 10.1%o in the area of the Ural Furrow (the
average value for the entire profile is 9.2%o) [2]. Thus,
salinity in the eastern and western parts were almost
equalized (9.2 and 10.6%o0, respectively), although
salinity in the western part was higher.

Interannual variations in salinity in the Northern
Caspian Sea demonstrate two peaks, in 1974—1976
and 1982—1983. The former is related to a significant
decrease in river water discharge, precipitation, and
lower wind speeds; the latter, to an increase in air
temperature and evaporation, combined with higher
wind speeds and greater river water discharge. As
shown below, relative freshening is seen in all hori-
zons after 1983.

On the background of a decreasing volume of river
discharge and precipitation, the 1970s were marked by
significant freshening of the northern part of profile 3a
and salinization of the southern, which could have
been caused by redistribution of Volga River discharge
through arms. With respect to the drop in sea level and
shallowing of significant areas near the delta, the main
water discharge volume was directed to the western
river arm. In the same time, the southern part of the
section was marked by the presence of saltier (com-
pared to the mean interannual regime) Middle Cas-
pian water. Thus, the profile 3a in this period is char-
acterized by significant horizontal gradients in all
months. Shallowing of the water area led to impeded
water exchange between the Northern and Middle
Caspian. Middle Caspian water masses flowed in
along the coast of the Mangyshlak Peninsula and then
across the northern part of the Kulaly sill, forming a
vast frontal zone. Water flowed out through the strait
between Kulaly Island and the Mangyshlak Peninsula.
The influence of discharge currents along the entire
extent of profile 4 (Chechen Island—Mangyshlak Pen-
insula) in the high water period abruptly increased. In
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June, the salinity peak quickly spreads to the eastern
terminus of the profile, but the influence of high water
also quickly disappears. In August, traces of fresh
water are noticeable only near the Agrakhan Penin-
sula. Under mean interannual conditions, the mini-
mum salinity near the Mangyshlak Peninsula was
reported in August in the periods that preceded and
followed. Notably, water temperature in the areas of
profiles 1, 2, and 3 increased in all months, with the
exception of June, when river water discharge was
maximum. Water temperature in the area of the Agra-
khan Peninsula and Chechen Island, also increased.
Intensive supply of cooler and more salty Middle Cas-
pian waters occurs only into the central and eastern
parts of the Northern Caspian Sea.

In the entire water area of the Middle and Southern
Caspian Sea, vertical stratification of waters intensi-
fied owing to freshening of the surface layer and sali-
nization of the lower ones (Fig. 2, profile M). This
phenomenon was caused by redistribution of Volga
River water discharge through its arms and by intensi-
fication of the western arm of the Volga River. The
influence of river water discharge on salinity on the
western shelf of the Middle Caspian Sea abruptly
increased. The seasonal salinity variation pattern also
changed along the profile 6 (Fig. 4).

Due to convective mixing, seasonal freshening
began to reach layers deeper than 50 m. In the inter-
mediate layer and in the near-bottom horizons, salin-
ity increased by 0.5—1.1%0, while vice versa, in the
layer above 50 m depth, it decreased by 0.2—0.3%o0
(maximum change by 0.4%o in June) with respect to
the previous period. Near the eastern shelf, a slight
increase in salinity is observed; therefore, the back-
ground salinity along profiles 4 and 6 remained higher
compared to the 1950s. As shown by the calculations
in [2], the mean salinity values along profile 4 were
11.9%0 in 1951—1965 and 12.4%0 in 1974—1980. Along
profile 6, they were 12.8 and 12.9%o0, respectively. In
the 10—30 m layer, the mean salinity also increased.

The seasonal pattern of water temperature varia-
tions calculated for squares in the central parts of pro-
files over periods (Fig. 5) shows that the temperature
increased by up to 1°C in summer within the near-sur-
face layer in the 1970s. As seen in the profiles (Fig. 3),
the vertical temperature distribution in the Middle and
Southern Caspian demonstrated no significant quali-
tative and quantitative changes after the 1930s.

1984—1991

The main volume of freshwater discharge from the
Volga River reached the Northern Caspian Sea
through the western arm. A characteristic feature of
interannual variations in freshwater discharge for the
eastern part of the Northern Caspian is an abrupt
decrease in salinity at all horizons after 1982 in April,
June, and October, and an increase in the difference
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Fig. 3. Vertical distribution of water temperature (°C) in Caspian Sea for characteristic periods (August).

between surface and near-bottom horizons. A similar
dynamics is observed in August at the nearshore area
of the Ural River; however, no trend (either positive or
negative) is seen within the limits of the Ural Furrow
(>5 mdepth). Only in 1991 did salinity slightly decrease
in the entire water column.

In the western part of the Northern Caspian, fresh
water propagated in the near-surface sea layer rather
OCEANOLOGY Vol. 58

No.6 2018

than in the usual manner along the coast. South of the
continental slope, water all along profile 4 is stratified
year round (Fig. 2). The same phenomenon was noted
earlier [25] only in summer months in the southwest-
ern part of the Northern Caspian. Such a change in
vertical stratification and expansion of the surface
freshening zone at the boundary between the North-
ern and Middle Caspian could have been caused by the
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changed wind direction and increase in wind speed, as
well as by a larger volume of river water discharge.
These factors together could lead to freshening of the
near-surface layer in the Northern Caspian and inten-
sification of the near-bottom compensatory current
that could be traced from the evolution of the vertical
temperature and salinity fields. Inflow of Middle Cas-
pian waters takes place in the near-bottom part of pro-
file 4, running farther into the eastern part, along
Kulaly Island. Water temperature increases but does
not reach 1914—1934 values.

A sea level rise in 1984—1991 caused freshening of
Caspian Sea waters [23]. Vertical stratification of waters
in the areas of the Apsheron and Mangyshlak peninsu-
las intensified. Salinity in the Middle and Southern
Caspian basins decreased and did not exceed 12.8%o0
(Fig. 2, profile M). The difference between the eastern
and western coasts became smaller. Formation of
saline waters and their subsequent flow down the slope
of the eastern coast are not observed. At the boundary
with the Southern Caspian Sea, water masses with
salinity up to 12.7%o formed at depths down to 50 m
(Fig. 2, profile M); this phenomenon was reported
earlier only at the beginning of the 20th century [17].

It should be noted that significant changes in tem-
perature of Caspian Sea waters were characteristic
only of the northern part and were most likely related
to redirection of flows in the 1970s (Fig. 3). Only in the
Southern Caspian Sea does temperature in the layers
below 300 m significantly increase by 0.3—0.5°C in
1978—2000. It is also possible to see warming of layers
below 100 m in the area of the Apsheron sill by 1.0°C.
These results agree with those obtained earlier in [26].

CONCLUSIONS

Analysis of vertical profiles has allowed us to reveal
some important regularities in the salinity and tem-
perature variability of Caspian Sea waters.

In 1914—1934, stable salinity stratification was
reported [17]. Waters from the Middle Caspian flowed
to North Caspian all along profile 4. Later, in the
1960s, on the background of a drop in sea level by 2 m,
a homohaline structure of the water column had
formed. In 1972—1979, vertical inhomogeneity of
water masses intensified. Notably, the mean annual
salinity values, calculated based on information from
the database for centennial profiles in the 0—100 m
layer, demonstrate a gradual decrease at a rate 0.02—
0.06%0 per year on average, despite the continuing
drop in sea level and relatively small water discharge.
In 1980, an abrupt surge of salinity occurred again (by
0.3%o per year in profile 6), then it dropped again at
rates faster than in the previous period; the cause was
an increase in water discharge combined with sea level
rise by almost 1.5 m. In the recent period (2000—
2010), in the northwestern part of the sea, salinity
decreased by 2.1%o0 compared to the period of the low-

MATISHOV et al.

est sea level [2] and a clear stable vertical stratification
was noted. Thus, after more than 30 years of increase
and change in the type of 71§ stratification of waters,
the salinity regime was almost completely restored to
its initial state (beginning of the 20th century).

For the shallow Northern Caspian Sea basin, inter-
annual variations in sea level and, therefore, changes
in morphometric conditions are some of the key fac-
tors forming the temperature and salinity fields. Inten-
sity of water exchange between the eastern and western
parts of the sea over the Kulaly sill, as well as the
scheme of water flows itself, depends on them. Signif-
icant changes in the hydrological regime of the deep-
water Middle and Southern Caspian are primarily
caused by the complex effect of climatic and anthro-
pogenic factors in the catchment area. The submerid-
ional orientation of the sea also contributes to a certain
degree; sea level oscillations, only in part. This can be
seen from the fact that after the abrupt drop in sea level
in 1929 and until the late 1940s, the published study
results mentioned no anomalies in the salinity regime.

A change in the salinity regime in the Middle and
Southern Caspian, accompanied by intensified verti-
cal stratification, freshening of the surface horizon,
and salinization of the deeper layers in the 1970s, as
well as the mechanism itself that caused these trans-
formations, were not characteristic of the Northern
Caspian. In the 1970s, a drop in sea level in the North-
ern Caspian Sea was accompanied by salinization,
which was especially noticeable in the eastern part.
This was related to redistribution of discharged river
and Middle Caspian waters, as supported by the order
of observed changes.
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