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B nanHoit pabote ucciemyeTcsi BIUSIHAE U3MEHUYNBOCTU MHTEHCUBHOCTU ATJIAHTUYECKON MEPUAUOHAIb-
HoMi okeaHnueckoit nupkyasanuu (AMOILL) Ha remnepatypy 100-meTpoBoro cioss CeBepHOM ATJIaHTUKU U
CeepHoro JlenoBUTOTO OKeaHa BO BTOpoii rojioBuHe XX—Havasie XXI BB. TeMnieparypa Bojabl ToIyyeHa
o TpeM MaccuBaMm gaHHEIX (ARMOR-3D, SODA3.4.2 u ORAS4) ¢ pa3HBIM IIPOCTpaHCTBEHHBIM pa3pe-
IIEHUEM 1 pa3HbIM BPEMEHHBIM MHTepBajioM. Pa3noxeHne M3MEeHYNBOCTY TeMITEpaTyphl BOAbI HA ecTe-
CTBEHHBIE opToroHanabHble pyHKUIMK (EO®d) mokasaino, yto Bropas Mmoga EO®, oobsacHsomas 20—27%
NUCTIEPCUM TEMITepaTypbl BOJIBI BEPXHETO CJIOSI MOpsI, CBsI3aHa ¢ u3MeHeHueM nHteHcuBHocTu AMOLL.
BpeMeHHAsT ”3BMEHYMBOCTD IJIaBHOM KOMITOHEHTHI 3TOi MOl 3HaUMMO KoppenupyeT ¢ AMOIT (0.6—0.9,
B 3aBUCUMOCTHU OT MaccuBa JaHHBIX 1 Tuna nHaekca AMOILI). Ycunenne AMOLI mpuBoauT K yBETUYEHUIO
TeMmIiepaTyphbl BoJbl Ha Oosbiieit yactu CeBepHOi ATaHTUKU HopBexXcKOro Mopsi U K YMEHbBIIIEHUIO TeM-
rnepaTypbl BEpXHEro CJIOsl OKeaHa Ha Ooibliieii yactu I'peniannckoro Mmopsi, bapeHiieBa Mops u B o6JjiacTu
u K ceBepy ot llInun6eprena. Han6onsiee Bausinue AMOLL oka3biBaeT Ha TeMmepaTypy Boabl Mopst Vp-
MUHTEpPA, B HIEHTPAIILHOI YacTu KOoToporo cBsizaHHasi ¢ AMOLL amruintyna KojebaHuii TeMreparypbl BO-

el gocturaet 1.5—2°C.
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BBEAEHUWE

ATnaHTMYeCcKass MepUAVMOHAIbHAS OKeaHUYecKasl
mupkysiuus (AMOILI) xapaktepusyeT 0000ILECHHBIN
IepeHOoC Macchl (Teria, COId) B MEPUIMOHAIHLHOM
HalpaBJIeHUM. ANBEKLMs TeIUla BEPXHEW BETBBIO
AMOII B cyononsgpaBIe perioHbl CeBepHO ATTaH-
TUKU nepepacrpenessiercs B IcaaHackoil KOTJIOBUHE
MEKAY IByMsl OCHOBHBIMU MponokeHusiMu CeBepo-
ATIaHTMYECKOro TeueHus:: TedeHuemM WMpmuHrepa,
KOTOpoOe nepeHocut Teru1o B CyOIoJsipHbIA KPYTOBO-
pot (Mmopss Upmunrepa u JIabpanop), n HopBexckum
Te4eHHEM, KOTOPOE IIepeHOCUT TeIuio yepe3 CeBepo-
EBpormneiickmit 6acceitH. OTHOCUTEIBHO Majasi OIS
o0l11ero moToKa TerJia Takske nornanaeT B Hopeexckoe
TeYeHUEe C OMHUM U3 MPOJOKeHUI TeueHus: UpMuH-
repa, ormbarommm Mcimanomio ¢ 3anana (Tak Ha3bIBae-
moe CeBepo-Mcnannckoe teyeHue MpmuHrepa).

Hixnsaa BerBb AMOILL, Bo3BpaTHBIN TITYOMHHBII
notok AMOII, ¢popmupyercst B paitoHax IIyOOKO#M
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KoHBeK1IMU B Mopsix Upmunrepa, JIabpamop u I'peH-
JIAHJICKOM, TAe 3UMOII HabmogaeTcsl MHTEHCUBHAS
MmoTepst Teruia okeaHoM. Jloiroe BpeMsl CUYUTAIOCh,
YTO U3MEHYUBOCTb 00BbeMa 00pa3yroIInXCs TIyOH -
HBIX BoAd B Mope Jlabpamop [31] aBisieTCss OMTHUM U3
HauboJyiee 3HAYUMMBIX (PAKTOPOB M3MEHUMBOCTHU
AMOII. M3MeHYNBOCTh OOBbEMa IIIYOMHHBIX BOI,
obpazyromuxcss B Mope MpMuHrepa, siBiasieTcsl Kyna
6oJiee BaXKHBIM MUCTOYHUKOM MEXTOIOBOI M3MEHYU-
Boct AMOII [6, 20]. ITpu 10BOILHO HEOOJIBILION MH-
TEHCUBHOCTHU KOHBeKLMM 10 Hadasna 2000-x IT., K ce-
penune 2010-X IT. rIomank IyOOKOM KOHBEKIINU BO-
crouHoi yacty CyOIOISIpPHOTO KPyroBopoTa (B Mope
Hpmunrepa u B oosactu 10xxHee Mbica @apBeib) pe-
BBICWJIA TIJIOIIAAb O0JIACTH TITYOOKOIM KOHBEKIINH MO~
psi JJabpamop, BrepBbie ¢ 1950-X IT., 2 00b€M BHOBb
GOpMUPYIOIINXCS TIPOMEXYTOUHBIX BOIHBIX Macc
CTaJl cpaBHUM C TaKOBBIM Mops JIabpamop. CornmacHo
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JINTEpaTypHLIM UCTOYHUKAM, TaKasl CUTYaLUsI CoXpa-
HsIJackh 110 KpaitHe Mepe 1o konna 2010-x rT. [25].

Llenpo JaHHOM pabOThI SIBISIETCS BBISIBIIEHUE
Bkiraga AMOILI B M3MeHYNBOCTH TEMITEPATYPHI BEPX-
Hero ciost CeBepHOM ATIAHTUKH U aTIaHTUIECKO -
ro cexkropa CesepHoro JlenoButoro okeaHa (CJIO).
Ocob6eHHO BaxkHO OLIeHUTHh BiusiHue AMOILI Ha TeM-
repaTypy BEPXHEro CJIOsI CyOIOJSPHBIX PETMOHOB,
[Je HAaXOOITCI OCHOBHBIE OOJIACTU IIIYOOKOM KOH-
BeKLIMU. Bo3MOXHOE BIMSHIE HA 3TU 00JIACTU ITOTO-
koB Termra AMOILL Moxetr ¢popMupoBaTh OOpaTHBIC
CBsI3U, cTabuimsupytomne AMOII [19].

Bosmoxknoe Biusitane AMOLL Ha TemmiepaTtypy aT-
JaHTudeckux Bomg B CeBepHoM JlemoBHUTOM OKeaHe
clienyeT u3 HabJIIoJaeMoro XxapakTepa repeHoca aHO-
MaJIMii TEMIIEPATYPbl CUCTEMOI MOBEPXHOCTHBIX TE-
yeHuit CeBepHoit AT1aHTUKU. B yacTHOCTH, TTOKa3a-
HO, YTO M3MEHYMBOCTh TeMmepaTypbl Bom CeBepo-
Atnantudeckoro teueHust B @apepo-IllernanackomM
IIPOJIMBE MOXET NPOHMKATh najeko B EBpaszuiickuii
oacceiin CJIO [1, 17, 23]. MoxXHO TakKe TIPOCISINTh
pacrnpocTpaHEeHe aHOMAJIMi TeMIIepaTypbl OBEPX-
HOCTU OKeaHa OoT obyiacTeil Tponudeckoit Cesep-
HOM ATnaHTUKU 00 nponuBa ®pama (IpUMEPHO B
TedeHUe 4-X JIeT) U Aajiee, BIOJb KPOMKHM IIeibda
EBpaswuiickoro 6acceitHa, 10 IIeHTPaIbHBIX pailOHOB
CJIO [9]. IIpennonaraercsi, 4YTO TaKO€ pacIpocTpa-
HEHUE aHOMaJIMI1 TeMITepaTyphbl B OKeaHe MOAIepXK1-
BaeTcsd KpPyMHOMAacCIITaOHbIMU MEeXaHW3MaMM B3au-
MOJCHCTBUS OKeaHa 1 aTMOC(EpPhbI, KOTOPEIE, B CBOIO
oyepenb, MPUBOIIT K YBEIMYSHUIO aTMOC(EepHOro
IepeHoca TeIia B APKTUKY, YTO OKAa3bIBaeT CyIle-
CTBEHHOE BJIMSIHUE Ha MEXTOAOBYIO M3MEHYMBOCTh
rioiaau Mopckux JisaoB B CJIO [2].

JoctoBepHo nuHamnky AMOILI B CeBepHoit AT-
JIJAaHTUKE MOXHO OLIEHUTHb ¢ Hadaja (DYHKIIMOHUPO-
BaHUs TpaHCATIAHTUYECKOTO MacCUBa HAOJIONCHUIA
RAPID c niepBoii mosioBunbl 2000-x rT. [30]. C nep-
Boii mosioBUHBI 1990-x rT. AuHamMuky AMOII MoxxHO
OLIEHUTh IIO0 pPe3yJIbTaThl COBMECTHOM 00paboTKU
JIAaHHBIX CITYTHUKOBOM aJIbTUMETPUM 1 OyeB Apro, 1o
OTIEJbHBIM HAOIIOACHUSIM 32 TEUEHUSIMU 32 HEKOTO-
pbIe TOIbI, a TAKXKE C MCIOJb30BAaHMEM KOCBEHHBIX
uHauKaTopos [12, 15, 16, 21]. Bce umMeroriyecst naH-
HBIC YKa3bIBalOT Ha IIPOLIECC ITOCTEIIEHHOTO OClIad-
nenust AMOILI ¢ 1960-x o 1980-¢ rr. Jlanee, BO BTO-
poii monoBuHe 1990-Xx IT., MPOM3OILIO KPAaTKOBpE-
MmeHHoe ycuiienue AMOILL. B stoT nepuon oobem,
TeMIlepaTypa 1 COJIEHOCTh aTJiaHTu4YecKux Boa B Ce-
Bepo-EBporneiickoM 6acceitHe, a, HECKOJBKO MO3XKe,
u B EBpasuiickom 6acceiitne CJIO, BrIpociia M 0CTa-
BajlaCh BBICOKOM OTHOCHUTENIbHO KJIMMaTUYECKOTO
cpemHero o cepenuHbl 1990-x rr. [9, 17]. C cepenu-
HbI 1990-X IT. 0OTMeYaeTcsl JIOKaJIbHOE CHUKEHUE MH-
teHcuBHOCTM AMOILL [15], KoTOpOE cOommpoBOXIa-
JIOCh CHMDKEHMEM MOTOKa Teria U pacxoaa 3amnaaHo-
HInuubeprenckoro TteueHus [17]. B cepenuHe
2000-x rT. HabIoasIcs T0KaIbHbIA MakcumyM AMOILI,
MOCJIe Yero Havyajloch JOCTATOYHO OBICTPOE YMEHb-
meHue mHTeHcnBHOocT AMOIL, mponorkaBieecs

1o 2010-x rr., oTMEYeHHOE W 1O JAHHBIM MPSIMBIX
HabmoneHuii Ha pa3peze RAPID (26° c.ur.) [15, 21].
OHO COITPOBOXIATOCh YMEHBIICHHEM TIyOOKOM
KOHBeKLIuU B Mopsix Jlabpanop u Mpmunrepa [4] u
ocnabiaeHneM TedeHnit CyOonoJIsipHOro KpyroBopora
(JIabpamopckoro, Bocrouno-Ipennanmckoro, 3aman-
Ho-I'pennanackoro u Upmunrepa) [5]. danee pacxomn
AMOII crabunmm3upoBaicd Ha 00jiee HU3KMX 3HaUYC-
Husix. Ilonasisioliee OONBIIMHCTBO COBPEMEHHBIX
KJIMMAaTUYECKUX MOJejeil MPOTHO3UPYeT JOJTro-
CPOUYHYIO TEHICHIINIO K JaJdbHEHIIeMy 3aMeIJICHUIO
AMOII, B cpemnem Ha 30% k KoHIiry XXI Beka [29].
Ha Ty TeHaeH1IMI0 MOTYT HaKJIaAbIBaThCSI OTMEYCH-
HBIE paHee eKaIHbIe U BHYTPUIEKAIHbIE KOJIeOaHU .

Koneuno, AMOILI siBisteTcs Ul OTHUM U3 Me-
XaHU3MOB, KOTOPBIi MOXET peryjiMpoBarh KoJjieba-
HUSI TOTOKA OKEAHUYECKOTO TeIljia B CyOIOSIPHBIX U
noJsIpHbIX peruoHax. Ha ocHoBe aHann3a HaTypHbIX
1 MOJEJbHBIX JaHHBIX MHOTHE MCCJIEAOBATEIN CBSI-
3bIBAIOT YCWJIEHWE MHTEHCUBHOCTH TI€peHOca Teria
Ha ceBep uepe3 CeBepo-EBporeiickuii 0acceilH B
1990-x IT. ¢ perMoHaJIbHBIM yCUJIEHUEM aTMocdep-
HOI IMKJIIOHWYECKON LUPKYIAIINUA Had 0acceifHOM
U ocyiabJIeHUEM TEIJIOOTIaYU MOBEPXHOCThIO OKe-
aHa B 3ToM paiioHe [2, 17]. MHTeHCUBHOCTb MOTO-
KOB TemJja B 3TOM PETMOHE TaKKe CBSI3bIBAIOT C BJIU-
SIHUEM KPYITHOMACIITAOHbBIX aTMOC(HEPHBIX CTPYKTYP,
xXapakTepusywliiuxcs nHaekcamu CeBepo-ATiaH-
tuueckoit ocuwuisiuuu (CAO), BocTtouHo-ATnaH-
TUUYECKOTO KojiebaHUsl, WHIAEKCAMU LUPKYJISALUU
Banrepreiima-T'upca [17, 28]. C npyroii CTOpOHHI,
n3meHynBoctb CAO n guHamuka AMOILI npenno-
JIOXKUTEJbHO CBSI3aHbI MEXOy CO0Oil yepe3 MHOro-
YUCJIEHHbIE MEXaHU3MBbI MPSIMbIX U 0OpaTHbBIX CBsI3Ei
(cM., HatpuMmep, |2, 26]).

MATEPUAJIbI U METObI

B pa6ote ncciienyetcss U3MEHYMBOCTD TEMIIEPaTy-
poI BepxHero 100-MeTpoBoro cinost okeaHa CeBepHOI
ATIaHTUKU U aTiaaHTUYeckoro cektopa CJIO (45°—
90° c.i1. u 70° 3.1.—140° B.1.; puc. 1a). AHaIU3 Mpo-
BOJIMTCS C WUCIIOJb30BAHUEM CPEIHEMECSYHbIX JaH-

HBIX TEMIIEPATYPhI BOIbI 3-X MaccuBoB: ARMOR-3D!,

SODA3.4.2? u ORAS43. ARMOR-3D o6anaer jy4-
IIUM MPOCTPAHCTBEHHBIM pa3pelleHueM, Toraa Kak
ORAS4 u SODA3.4.2 umeloTt 6oJiee MPOAOJIKUTETb-
HBIE PSIBI JAHHBIX.

ARMOR-3D (1993—2020 rr.) npencraBisieT CO-
60if MacCUB KOMOMHUPOBAHHBIX HATYPHBIX U CITyT-
HUKOBBIX TAHHBIX HAa PETY/ISIPHONI CETKE C MIPOCTPaH-
CTBEHHBIM paspemneHueMm 0.25° X 0.25° [18, 22].
B dopmupoBanu maccnBa ARMOR-3D ncrions3y-
IOTCS HaTypHble mpoduam Temreparypsl World
Ocean Database (WOD) u apyrux 6a3 naHHbIX Ha-

!http://marine.copernicus.cu;.

2 http://www.soda.umd.edu/.

3 https://www.cen.uni-hamburg.de/en/icdc/data/ocean/easy-init-
ocean/ecmwf-ocean-reanalysis-system-4-oras4.html.

OKEAHOJIOTHUA  tom 63  Ne2 2023



BIVAHUE ATJIAHTUYECKOW MEPUJIMOHAJIBHOM OKEAHUYECKO... 175

90°

15

CEBEPHBIH JIEJJOBHTBIH OKEAH

85°
800 .
£70°
£
= 65°
60° |
5501

50°

10

TIIO, °C

EBpazus

450 i, L 1 1 1 4
—60° —40° —20° 0° 20° 40° 60° 80° 100°  120°  140°
Honrora

2.0 (©)

— HADIsst
— EN4

HopmupoBaHHbIe 3HaYESHUSI

= AHcaMOJeBbI nHACKC AMOLL

— ISHII&Scripps

1960 1970 1980

1990
Ton

2000 2010 2020

Puc. 1. (a) paiioH ucciaenoBaHus, Ha KOTOPOM IToka3aHo cpemHee mmojie TT1O 1 ckopocTr TedeHUit, OCpeTHEHHBIE 3a TTIePHO]T
1993—2020 rr. no nanHbiIM ARMOR-3D. 3esieHbIMU 2J1TUTICAMU TTOKa3aHbI paliOHBI, Te HanboJiee YacTo BCTPeUaeTcsl 3MMHSIS
koHBekuMs mryoxke 1000 m. bm — bapennieBo mope, I'm — Ipennmanackoe mope, MU — Mmope Mpmunrepa, MJI — mope Jlabpamop,
Hwm — Hopgsexckoe mope, BI'r — BoctouHo-Ipennannckoe teuenue, 3I'r — 3anagHo-IpeHnannckoe teuenue, 3Lt — 3aman-
Ho-IlInuubepreHckoe reueHue, JIt — Jlabpanopckoe teuenue, Ht — HopBexckoe TeueHue, CAT — CeBepo-ATiaHTHYECKOE
teueHue, T — treuenune Upmunrepa, nd® — nponus Ppama, @lIn — Papepo-IlleTnanackuii mposus; (6) MeXrogoBast U3-
MEHYMBOCTb HOPMUPOBAHHBIX 3HaYeHU 3-X nHInekcoB AMOILI o maccuBam HADIsst (TemmieparypHblii mHnekc), EN4 (co-
neHoctHbIi nHaekc), ISHII&Scripps (coneHoctHblit nHAECKC) U aHcambOieBoro uHaekca AMOLL ¢ 1958 1.

omropeHuii [ 18], a Takke CIyTHUKOBAsI TeMIlepaTypa
noBepxHocTu okeaHa (TIIO) Ha peryasipHOI ceTkKe
MmaccuBa Reinolds m maHHBIE CITYTHUKOBOM aIbTH-
metpun AVISO. [Ing Bocnmpou3BeneHUST 3-MEPHBIX
moJjieit TeMrnepaTyphl BOIbI, HA IIEPBOM IIlare, CIyT-
HHMKOBBIE NTaHHbIE MHTEPIIOJIMPYIOTCS BIJIyOb MODPS
METONOM MHOXKECTBEHHOUN JIMHEMHOM pPErpeCcCUM,
dopmupysl “cUHTETMYECKMe” BepTHUKaJIbHbIE MPO-
dunu TIIO. [lanee HaTypHbIE M “CUHTETUYECKHE”
npoduan OOBENUHSIIOTCSI METOAOM ONTUMAaIbHOM
WHTEPHOJSIIIN B 3-MEPHBI MAacCCUB €XEeMECIUHBIX
ToJIei TeMItepaTypbl Boasl [27]. B ¢BsI31 ¢ 0coOOeHHO-
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ctsamMu opMupoBaHusi MaccuBa, ARMOR-3D xopo-
110 BOCHPOU3BOAUT M3MEHUYUBOCTb TeMIIepaTyphbl
BEPXHETO CJI051 OKEaHa TPOMTUYECKUX U CyOTTONSIPHBIX
palioHOB, HO IJIOXO OTpaxkaeT U3MEHUYMBOCTb ITOATIO-
BEPXHOCTHOM TeMmepaTypbl BOAbl MOKPBITHIX JIbIOM
akBaropuii CJIO.

Oxeanmnyeckuit peaHanu3z SODA3 (Bepcus 4.2,
Simple Ocean Data Assimilation, 1980—2020 rr.)
MMeeT NMpocTpaHcTBeHHOe pa3pertieHue 0.5° X 0.5°.
Peanamusz SODA3.4.2 ocHOBaH Ha MOIEIN TUHAMM-
Ku okeana MOMS5 ¢ 61okom abaa SIS1. Monens ac-
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CUMMJIIMPYET JaHHBIe ITpodMIIel TeMIIepaTyphl in-si-
tu (u3 WOD), mannsie TIIO (manHbie HaOIIOOSHMIA
ICOADS — International Comprehensive Ocean-At-
mosphere Data Set) u cmyTHukKoBble HaHHbIe TIIO
[14]. ATmochepHBIM (hOPCUHTOM Ha BEPXHEM rpaHU-
e moaenn SODA3.4.2 BeicTyIIaeT aTMOC(hEPHBIMA pe-
aHamu3 ERA-Interim.

Oxkeannyeckuit peanann3d ORAS4 (Ocean Re-
Analysis System 4, 1958—2017 rr.) ocHOBaH Ha oKea-
Hudeckoit mogeu NEMO V3.0. OH umeeT Ipo-
cTpaHCTBeHHOe pa3penreHue 1° X 1°[10]. B 3aBucu-
MOCTU OT IepHoAa MOIEIMPOBAHUSI, B KauyeCTBe
¢dopcuHTa MOAECIN MCTIONb3YIOTCS MO0 NaHHEBIE aT-
MochepHoro peaHanuiza ERA-40 (c 1957 o 1989 rr.),
6o ERA-Interim (¢ 1989 mo 2009 rr.), nubo
ECMWF NWP (c 2010 r.). ORAS4 accumunupyet
HATYpHBIE BEPTUKAJIbHbIE IPOMUIIN TEMIIEPATyPhl U
COJIEHOCTH BOMbI, HaHHbLIe OYWKOBBIX CTAaHLIUI U
JaTYNKOB, 3aKPEIUICHHBIX HA MOPCKUX XXUBOTHBIX,
a TakKe cimyTHUKoBbIe faHHble TI1O 1 KoH1LIeHTpa-
LIMM MOPCKOTO JIbIA.

IMonsa mpocTpaHCTBEHHO-BPEMEHHOM U3MEHYU -
BOCTH TeMIIEpaTyphbl BEpXHETO CJI0SI OKeaHa pacKiia-
IBIBAIMCh HA XapaKTepHbIe MOIBI CBOE M3MEHYMU -
BOCTM METOJOM €CTECTBEHHBIX OPTOTrOHAIbHBIX
dyukuunit (EO®D). MeToa no3BojseT BhIICIUTD Xa-
pakTepHbIe MPOCTPAHCTBEHHBIE CTPYKTYPhI Bapua-
LU ITapaMeTpa, KOTOphle UMEIOT OJHOTUITHYIO 13-
MEHUYMBOCTb BO BpPEMEHM, a TaKXKe OIpeIeIUTh
BKJIaJ KaXXI0M M3 3TUX CTPYKTYP B OOIIYIO IUCIIEP-
CHUI0 UCXOAHOU NU3MEHUYMBOCTU TEMIIEPATYyPhI BbIAe-
JieHHOoTro peruoHa [7]. Moapl, moJay4eHHBbIE 10 Me-
tony EO®, opToroHaabHbI APYT K APYTY, T.€. MOXHO
OXMAaTh, YTO (pU3UYECKUE IPOLECChl, ONUCHIBAIO-
mue pasHble Moabl EO®, pa3nuuHbI, XOTS 3TO He
Bcerna Tak. JJoMmoIHUTEIbHYIO CIOXKHOCTh B MHTEP-
npetauuu pesyabtatoB EO® mnpencraBiaseT TOT
¢aKT, 4TO pa3IUUHbIC IPUPOIHBIE ITPOLIECCHI, (HOp-
MUPYIOIINE U3MEHUYNBOCTDb TEMIIEPATYPHI BOJIBI, Ya-
CTO OKa3bIBAIOTCS B3aMOCBSI3aHHBIMU.

MHTeHCUBHOCTh ATIAHTUYECKON MEpUIMOHATD-
HOI OK€aHUYECKOI LUMPKYJISILMKY 32 BECh IEPUO/I Ha-
onroneHuii (puc. 10) xapakTepu3oBajaach KaK TeMIIe-
paTypHbIM, TaK W COJIEHOCTHBIMU WHAeKcamu [15].
ComrtacHO LIUTHUpPYeMO paboTe, COJICHOCTHBLIC WH-
JIEKChI OIPENesISIJINCh KaK CPEIHSISI COJICHOCTb BOJ
CeBepHOIi1 ATIaHTUKU MexXay 45—65° c.iu1. B cioe 0—
1500 m. OmuH MHIEKC OB pacCYMTaH Mo 0a3aM Ha-

TypHbIX naHHbix ISHII* (1946—2015 rr.) u Scripps’

(2004—2020 1T.), ApYroii — Mo JaHHBIM 6a3bl EN4°
(1946—2020 rr.). Temnepatypubiit nuagekc HADIsst
(18712020 rr.), TakKe MOJYYSHHBI MO MAaHHBIM
EN4, nipencrabisier codoit pazHuiy Mmexny TITO B
pEeruoHe CyOITOJIIPHOTO KPYTroBOPOTa U T00aTbHOM
TIIO [13]. DT MHAEKCHI XOPOIIO BOCIIPOU3BOISIT 13-

4 http://rda.ucar.edu/datasets/ds285.3/.
3 http://www.argo.ucsd.edu/Gridded_fields.html.
6 https://www.metoffice.gov.uk/hadobs/en4/.

Taomma 1. Jucnepcust (%) mepBoix Tpex mom EO®
TeMmnepaTypbl Boabl B cjioe 0—100 M rmo MaccuBaM JaHHBIX
ARMOR-3D, SODA3.4.2 u ORAS4

EO® 1 EO® 2 EO® 3
ARMOR-3D 41 27 9
SODA3.4.2 43 21 8
ORAS4 41 20 10

MeHYnBOCTh AMOILI, mojiydeHHYIO KakK Io pe3yabTa-
TaM aHaJIM3a JaHHbIX HaOmoaeHuit MaccuBa RAPID ¢
2004 r., TaK ¥ 110 pe3yabTaTaM COBMECTHOTO aHaJIn3a
IaHHBIX aJbTUMETPUM U TpaeKTopuii OyeB Apro
cHavama 1990-x rr. [15]. AHcamMOJIeBBIII MHIEKC
AMOII xapakTepu3syeT cpeaHee MEKIy TpeMsI BbIIIIe-
YIIOMSIHYTBIMUA MHAEKCAMU, NPEIBapUTEILHO HOP-
MHUPOBAHHBIMU.

PE3YJIBTATBI U OBCYXIAEHHME

ITo pesynpratam EO®-anann3a reMnepaTypbl BO-
a1 CeBepHoii Atnantuku u CJIO, gucriepcum nep-
BbIX Tpex EO® TeMrmiepaTypbl BOIbl CyMMapHO Ipe-
BoiaoT 70% gis 106oro M3 3-X UCHONIb3YEMBIX
MaCCHBOB JAHHBIX (TabJI. 1).

IMTepBasg mona EO® xapakTepusyeT OOILIYIO TEH-
JIEHIIMIO TeMIIepaTypPbl BEPXHETO CJI0SI MOPSI K YBEJIM -
YeHMIO 3a BeCch Iepurod HaomoneHuii (Ipunoxenue 1).
DTa MoJa XapaKTepM3yeT IpoliecC MOTEIICHUS BepX-
HEro cjIosl OKeaHa M, IO BceM TpeM 0a3aM JaHHBIX,
BHOCHUT HauWOOJBIINII BKJIad B OOIIYIO IUCIIEPCHIO,
npepbimamnii 40% (ta6n. 1).

Hucniepcust Bropoii Moabl EO® Toxe nocTaTo4yHO
BeaukKa U cocrtasiager g1 ARMOR-3D — 27%,
SODA3.4.2 —21% u ORAS4 — 20% (ta6xa. 1). Bro-
pasg momna EO®D TemrmepaTypbl BOAbI IIPEICTaBIIsSIET
JUISI Hac HauOOJIbIIMKI MHTEpEC, TaK KaK UMEHHO €€
rnaBHast komnoHeHTa (I'K) nmeet Boicokue (ot 0.60
10 0.90) xoppensinyuu co Bcemu nHaekcamu AMOII,
BKJIIOYasi aHCaMOJIeBblil nHAEKC (Tabn. 2 u puc. 2).
BOrta Momda ompenensieT, B OCHOBHOM, MEXIEKaaHYIO
M3MEHYMBOCTH TEMIIEPATypPhl BEPXHETO CJIOS OKeaHa.
CBs13aHHas C Helt UBMEHUYMBOCTh TEMITEPATYPhI BOAbI
OTpaxkaeT TEHACHLIVIO K YMEHBIIIEHUIO UHTEHCUBHO-
ctu AMOILI ¢ cepeaunbl 1960-x IT. 10 cepeavHBI
1970-x rr., yBenuyeHnio nHTeHcuBHOCTH AMOIIL B
1990-x rr. 1 no cepeauHbl 2000-x IT., HOBOMY OCJ1a0-
neanto AMOII no ragama 2010-x rT. 1 c1ado BeIpa-
>KEHHOM TeHIEHLIMU K HeKoTopomy yeuiaeHnio AMOLL
B KoH1Ie 2010-x rr. OcnabiaeHue u gajabHeIIee yCu-
nenre AMOILI nauama XXI Beka comtacyeTcs ¢ JaH-
HBIMU TIpsIMBIX HabmoneHuit ¢ 2004 roma [30], B TO
BpeMs Kak ociabienue AMOLL B 1960-x—1970-x rT.
MOATBEPKIAETC JaHHBIMUA aHaIM3a COCTOSIHUS KO-
paIoOBbIX pUMOB U MPSIMBIMU TUAPOrpadUIeCKUMU
HaOJIIOIEHUSIMU 3a OTIEIbHbIC TOabI [24].

Tpetbst Moga EO® onuceiBaeT nopsinka 10% oOiieit
BEJIMYMHBI AUCIIEPCUM TeMIepaTypbl Boabl (Tadi. 1
n Ipunoxenune 2). OHa xapakrepusyeTr Oojiee KO-
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Puc. 2. Mexronosasi U3BMeHUMBOCTb aHcamOJieBoro uHaekca AMOLL (uepHast TuHUs) U 1aBHBIX KOMITOHeHT EO® 1o naH-
HbIM ARMOR-3D (2-as moga, ¢ 1993 r.), SODA3.4.2 (2-ast moza, ¢ 1980 r.) u ORAS4 (2-as mona, ¢ 1958 r.). [1ons cooTBeT-

crBytomux EO® ripuBeneHbl Ha puc. 3.

POTKOITEpHOTHYIO BHYTPUICKATHYIO M3MEHINBOCTD
TEeMITepaTyphI BOIHI.

CBs13b u3zmMeHunBocTtu Bropoii 'K ¢ nsameHunBo-
ctbio AMOILI no3BosisieT BIsIBUTH BiaussHue AMOILL
Ha IIPOCTPAHCTBEHHYIO CTPYKTypy TeMIlepaTyphl
BepxHero cios okeaHa (puc. 3). [IpoctpaHcTBeHHBIE
pacrpeneeHrss aHOMAJIM TeMIIepaTyphl, CBSI3aH-
Hble ¢ auHaMmukoii AMOILI, cxoXxu mo BceM TpeM
MaccuBaM AaHHbIX. B cybrnonsipHoit CeBepHoit AT-
JnaHTuKe 1 B Mopsix CeBepo-EBponeiickoro 6acceiiHa ¢
ycusieHrueM wuHTeHcuBHOcTH AMOILL mpowmcxoont
MOBHIIIEHUE TeMIIepaTyphl BepxHero 100-meTpoBoro
ciiost okeaHa (puc. 3). HanbGomnee cuibHOe yBelmde-
HUe TeMrepaTypbl BOAbl HaOI01aeTCsl B LIEHTpalb-
Holt yactu Mopst UpMuHTepa, ceBepo-BOCTOYHOI Ua-
ctu Mopd Jlabpamop m Bmonb Jlabpamopckoro tede-
Hus. [Ipu 3ToM Teruiee CTaHOBSITCS TaKXKe I0KHAS U
roro-BocrouHas yactu Hopsexckoro mopst. OmHako
B I'pennanackomM u bapeHIeBoM MOpSIX, a TaKxXKe
ceBepHee Ilmnuudeprena peaHanusbsl SODA3.4.2
n ORAS4 moka3bpIBalOT MOHIKEHHE TeMIepaTyphl

BepxHero 100-MeTpoBOTo CJI0sST MOPS C YBEJIMUEHUEM
nHTteHcuBHocT AMOILL. B ARMOR-3D, Ha done
00I1Iero yBeJIMYEeHUsI TeMIlepaTypbl BOALI B 3HAYM-
tenbHOll yacTu CeBepo-EBporeiickoro 0OacceiiHa,
TakKe HaOJII0JaeTCsl HEKOTOPOE YMEHbBIIIEHUE TEM-
nepaTypbl Boabl K ceBepy oT IllnmumnbepreHa u B Bo-
crouHoii yactu bapeHiieBa mopsi. B BepxHeMm cioe
Mopeit Kapckoro, JlanTeBoix u Bocrouno-Cubup-
CKOToO, rie cjaabo Bo3aeiicTBUE aiBeKIIUY aTIaHTU4e-
CKUX BOJ, CBSI3b TEMIIEPATyPbl BEPXHETO CJIOS BOJIBI C
n3MeHunBoCcThI0 AMOILI He TIpociexxuBaeTcs.

Pasnmuuust B TIpOSABIECHUU XOJOMHBIX oOJacTeit
npu ycrieHuu AMOILL B maccuBe ARMOR-3D mo-
IyT OBITb CBSI3aHbI C Pa3HOW MIMHON psAnoB. Tak,
EO®2 otHOocuTenpHO KopoTkoro pssga ARMOR-3D
BKJIIOYAEeT B ce0sT 9acTh TpeHAAa COBPEMEHHOTO I10-
TETUICHUS, YTO BUITHO IO HEKOTOPOMY HAaKJIIOHY BTO-
poii 'K ARMOR-3D 1o oTHOLIEHUIO K COOTBET-
creytoiuM 'K SODA3.4.2 u ORAS4 3a nepuon
1993—2020 rr. (puc. 2). IlpakTuyecKu OTCYTCTBYIO-
I1asi I3MEHYMBOCTh B BBICOKMX IIMPOTaX ApKTUYE-

Taomuna 2. Koppensuum Bropbeix I'K Temnieparypsl Boabl B citoe 0—100 M ¢ namekcamu AMOLI. YpoBeHb 3HAYMMOCTH
KOPPEeJIsSILIMiA IJIS1 KaXKA0T0 M3 MACCUBOB JAHHBIX YKa3aH B CKOOKAaX B IIEPBOM CTOJIOLIC TAOIUIIbI

MaccuB TaHHBIX\ AMOIL AMOI] AMOLL AHcaM0JieBBIIA MHIEKC
nHaekc AMOLL HADIsst ISHII&Scripps EN4 AMOI]
ARMOR-3D, TK2 0.79 0.77 0.88 0.86
(0.38)
SODA3.4.2, TK2 0.80 0.66 0.61 0.73
(0.31)
ORAS4, T'K2 0.92 0.85 0.80 0.90
0.25)
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Puc. 3. [IpocTpaHCTBEeHHBIE pacIpeae/ieHUs aMIUTUTYAbl U3MEHYMBOCTU 2-0ii Moabl EO® Temrteparypbl Boabl B ciioe 0—100 M,
cBsi3aHHOU ¢ n3MeHuYnBOCThI0O AMOLL: (a) mo nanHeiM ARMOR-3D, (6) mo nanabiMm SODA3.4.2, (B) o nanHbiM ORAS4. Yep-

HBIM IMPAMOYTOJIbHUKOM BbIJICJIEH paﬁOH Mops I/IpMI/IHFCpa.

ckoro 6acceitHa Bropoit EO® maccuBa ARMOR-3D,
B oTiimuue oT peaHaan3oB SODA3.4.2 1 ORAS4, cBs-
3aHa ¢ TeM, 9To maHnHepie ARMOR-3D 6a3upyrorcsa
HUCKJIIOYUTETBLHO Ha CITyTHUKOBBIX TAHHBIX U TaHHBIX
HaOJIIOIeHUI, KOTOPbIX KpaliHe Majo B MOKPBITHIX
JIbIOM pErMoHax, UTO He MO3BOJISIET JOCTOBEPHO BbI-
SIBJISITh  TIPOCTPAHCTBEHHO-BPEMEHHYIO M3MEHYM-
BOCTb XapaKTEepMCTHUK Boj B 3Tux obnactsax CJIO.

AMIUIMTYIa KOJIEOaHUIA TeMIiepaTyphl BOIBI CJIOS
0—100 M B pe3ynpTaTe U3MEHEHUSI UHTEHCUBHOCTU
AMOII B paiioHe I1y00KOi KOHBeKLIMM (cM. [3, 8])
LeHTpaabHOI yacT Mopst UpMuHTepa MakcuMaiabHa
u coctaBisieT 1.5—2°C. DToT pe3yabTaT ObLUT MOATBEP-
XKaeH gonojaHuTenbHbiM EO®-aHann3oM, oxBaThl-
BalOIIUM TOJbKO Mope MipMuHrepa (4epHbIid TPsSIMO-
YTOJILHUK Ha puc. 3). B 3ToM orpaHM4eHHOM peruoHe
NPOLEHT IUCIIEPCUN TEMIIEpaTypbl BOJAbI BEPXHETO
100-MeTpOBOroO CJI0SI, CBSI3aHHBII ¢ U3MEHYUBOCTHIO
AMOILI, coctapnsit 61% 1o nanaeiM ORAS4, 78% 110
maaHeIM SODA3.4.2 1 85% mo ARMOR-3D. Koppe-
JsaumMr aHcamoiieBoro mHaekca AMOILL ¢ coorBeT-
ctBytominMu 'K j11060ro n3 Tpex MacCuBOB JaHHBIX
coctaBwiu 0.9.

BbIBOJbI

Ha ocHoBe aHanM3a HECKOJIILKMX MAacCUBOB JaH-
HBIX C pa3HOi JJIMTEIbHOCTBIO PSIIOB OKA3aHO, YTO

AMOII ¢popmupyet BTOpyto mony EO® temnepary-
puI BepxHero ciiost CeBepHOI ATIAaHTUKU U aTJIaHTH -
yeckoro cekropa CJIO, BKiIam KOTOpPOil COCTaBIISIET
20—27% ot o6leil JucIepCcr TeMIepaTypbl BOIEI.
B yactHOoCcTH, HaMK moka3aHo, yTo AMOII BHocut
CYIIECTBEHHbI BKJal B MOHUXEHUE TeMIEpaTypbl
BEPXHEro CJI0sI MOps ¢ cepeanHbl 1960-x mo cepenu-
Hbl 1970-X rr., moBbIlIeHUe ¢ 1990-X IT. 10 cepearHbI
2000-x 1T. 1 HOBOE MoHIKeHue ¢ cepearHbl 2000-x TT.
no cepeauHbl 2010-x IT., BbIAEASBILIEECS paHee IJIsI
pa3HbIX objacteii ATJIAHTUKU U B HOTO-BOCTOYHOI
yactu CeBepo-EBponeiickoro 6acceitna CJIO (cm.,
Hampumep, [9, 11, 12]).

Haim pesynabrarbl MOKa3blBalOT, YTO BIUSIHUE
AMOII naubosiee BEIMKO Ha BEpPXHUE CIOW IECH-
TpaJibHO# yacTu Mopss MpmuHrepa, roe Habomae-
Masi B TOCJeAHUE ACCATUIICTUS U3MEHUMBOCTh MH-
TeHCUBHOCTU AMOILI MoXXeT MpUBOIUTD K aMIUIUTYIIE
KoJjiebaHuii TemriepaTypbl BepxHero 100-meTpoBoro
ciiost Mops B 1.5—2°C. DTo MOXeT CyIIECTBEHHO IO~
BJIMSITb HA UHTEHCUBHOCTh KOHBEKIIMU B 3TOM KJIIO-
YEBOM PETUOHE.

B 10 xe Bpems, nanueie SODA3.4.2 u ORAS4
MOKa3bIBaloT, uTo ycuiieHue AMOLL mpuBoguT K 11o-
HUXKEHUIO TeMIlepaTypbl Ha Oosblieit yactu bapeH-
neBa Mopsi (IIpexXIe BCero, B BOCTOYHOM €ro 4acTH),
B I'pennanackom Mope u K ceBepy oT Lllnuideprena.
JlaHHBIC HAOIOAEHNIA TOKA3bIBAIOT, YTO XOTSI JOJITO-
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cpouHas 80-JeTHSISI UBMEHYNBOCTh TEMIIEPATYPhI aT-
JIJAaHTUYECKUX BOJI B ApKTHKE CMH(MAa3Ha C U3MECHUM-
BOCTBIO TEMIIEPATypPhl BEPXHETO CJI0SI CEBEPHOM AT-
JIJAHTUKU, OoJiee KpaTKOCpPOYHasi W3MEHUYUBOCTh
MOXET HaXoIMUTbhcsl B TTpotuBogdase [23]. Takxke 00-
palllaeM BHUMAaHUeE, 4TO B JAHHOM CTaThe pedb UIET
HE CTOJILKO O CJIO€ aTIAHTUYECKHUX BOMI, CKOJBKO O
BepxHeM 100-meTpoBoM citoe Mops. I[TpmImHBI CHU-
KEHMSI TeMIIEPATyPhl BEPXHETO CJIOSI BOJIbI CEBEPHBIX

179

neratomneit vactu CJIO npu yBeIMdyeHNY MHTEHCHUB-
Hoct AMOLI TpeOyioT manbHENIIero NcciIeIOBaHus.

HMcTrouHnK (UHAHCHMPOBAHUA: IIPOEKT MUHU-
cTepcTBa HAayKd W BEIcIIero obOpaszoBaHus P®
No 13.2251.21.0006 (unentudrkarop RF-225121X0006,
corameHue No 075-10-2021-104 B undopmMaliioH-
HoOIi cucteme “DeKTpOoHHbI OlomkeT” PdD).
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Impact of the Atlantic Meridional Overturning Circulation on Upper Water Temperature
of the North Atlantic and the Atlantic Sector of the Arctic Ocean

D. A. Iakovleva® % #, 1. L. Bashmachnikov® 4, D. A. Kuznetsova® *
4St. Petersburg State University, SPbSU, 7/9 Universitetskaya nab., St. Petersburg, 199034 Russia
b Nansen International Environmental and Remote Sensing Centre, 14 Line V.O., 7, St. Petersburg, 199034 Russia
#e-mail: d.iakovieva@spbu.ru

In this study we investigate the impact of variability of the Atlantic Meridional Overturning Circulation
(AMOC) on water temperature of the upper 100-m layer of the North Atlantic and Arctic oceans. We use
three data-sets (ARMOR-3D, SODA3.4.2 u ORAS4) with different spatial resolution and covering different
time periods. The temperature variability is decomposed into its natural modes using Empirical Orthogonal
Functions (EOF). The second EOF, which accounts for 20—27% of dispersion of water temperature in the
upper ocean, is associated with a change in the AMOC intensity. The time variability of the principal com-
ponent of this mode has high correlation with the AMOC (0.6—0.9 depending on the data-set and the AMOC
index used). The AMOC has the highest impact on water temperature in the Irminger and Labrador seas. The
related amplitude of water temperature fluctuations reaches 1.5—2°C in the central part of the Irminger Sea,
which is one of the key deep convection regions. Intensification of the AMOC leads to an increase the upper
ocean temperature over most of the North Atlantic and Norwegian Sea and to a decrease of water temperature
over most of the Greenland Sea, Barents Sea and in an area north of Spitsbergen.

Keywords: Atlantic Meridional Overturning Circulation, water temperature, EOF, the North Atlantic, the

Arctic Ocean
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