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AnHomayus

Lens. OmpenenuTs TEHICHINN U PETHOHATBHBIE 0COOEHHOCTH MEKI'OJIOBBIX U3MEHEHHH COJICHOCTH
U coseconepkanus B BepxHeM 1000-MeTpoBOM Clio€ BHETPOIIHYECKOM 30HBI CEBEPO-BOCTOYHOM YaCTH
Tuxoro okeaHa u JaTh aHAIN3 UX BO3MOXKHBIX HPHYMHHO-CIEACTBEHHBIX CBA3€H C KPyITHOMACIITA0-
HBIMH ¥ pETHOHAJILHBIME IIPOLIECCAMHU B OKeaHe U aTMocdepe 3a JjBa HOCICIHUX ACCATHIIETHS COBpe-
MEHHOTO0 MepHo/ia III00aBHOTO MTOTEIIICHHSI.

Memoowr u pezynbmamoi. Vicnons30Baauch naHHble KiuMatuueckux MaccuBoB NOAA, BKITFOUaronue
cucTeMy ycBoeHHs okeaHorpaduueckux Habmoaenniit GODAS B y3nmax perysspHOH ceTKH, JaHHBIE O
KOJIMIECTBY aTMOC(EPHBIX OCAAKOB U PSAABI KIIMMaTHUECKUX HHIEKCOB. BBIIH B3STHI cpefHEMeCSIHbIE
naHHble peaHanm3a ERAS mo ocagkam u mcnapeHuo ¢ moAcTUIaomeil moBepXHOCTH. [IpuMeHs ey
METO/IbI KITACTEPHOT0, KOPPETIAIHOHHOT0, PETPECCHOHHOTO aHAIN3a U allapaTa SMIMPUIECKUX OPTO-
TOHANBHBIX (QyHKIWHA. B pe3ympraTte mccnenoBannii onpeeneHs! perHOHAIBHBIE TIPOCTPAHCTBEHHO-
BpeMEHHbIE 0COOEHHOCTH M3MEHEHUI COJICHOCTH U CONECOepKaHus B Toue BoJ BepxHux 1000 m
HCCIIEyEMOT0 PErnoHa B YCIOBHSIX COBPEMEHHOH (ha3bl MOTETUICHNUS, COIPOBOXKAAIOIIETOCS HHTSHCH-
(uKanueii rio6aIbHOr0 TUAPOIOrHUECKOr0 [UKIIA. JJaHa olleHKa KOINYECTBEHHBIX XapaKTEPUCTHK OT-
MEUYEHHBIX TeHJCHIMI U X CTAaTUCTUYECKOH 3HAYUMOCTH.

Bobi600b1. TIpocTpaHCTBEHHOE pacIpe/ielieHie TPEHI0B 3HAUEHUH pasHocTH ucnapenue-ocaaku (E-P)
JEMOHCTPHUPYET Tpeobafaromuii XapakTep UCcIapeHus Ha OombIeil 9acTH aKBaTOPHUH, YTO OTIHYA-
eTcsl OT IM00ANBHBIX TEH/ICHIIH THAPOIOTHIECKOT0 IIUKIIA B CPEIHHUX U BEICOKUX MmupoTtax CeBepHOTO
TOTyTIapHsi, 0COOEHHO 3a MPEeAIIECTBYIONH TeproA. B menoM o pernony Habmomancst cTaTHCTHIE-
CKM 3HaYMMBIN TTOJIOKUTENBHBIA TPEH]| collecoepkanus B BepxHel 1000-meTpoBoii Touie BoJ ce-
BEpPHOTO paifoHa, a B IPYTMX paiioHax M B CPEHEM IO aKBaTOPUH B 3TOM CJIO€ HAOIIOAANNCh HEOOIb-
M€ CTaTUCTUYCCKH HE 3HAYUMBIC OTPHULATEIbHBIC TPDEHIbI. KOppeHﬂL{I/IOHHbIe CBSI3M U3MCHCHU I cpen-
HETO/IOBBIX 3HAUCHUH CONICHOCTH U COJICCOIEPIKAaHUs C Pa3siIMYHBIMH KPYMHOMAcIITaOHBIMHU, PEruo-
HaJIbHBIMH MPOLECCaMU U KIIMMAaTUYCCKUMHU MMEPEMEHHBIMH Han60nee BBIPAXKEHBI Y€PE3 CICAYIOLIUE
napametpsl: kimMaTtraeckre naaekcel NPGO, IPO, PDO, AD, nepsyto mogy D0® konebannii 3Hade-
uuit PC1 pasnoctn ncrapenne-ocanku (E-P) u Bropyro moxy 90 anomanuu reonoTeHImana n3oba-
pudeckoii moBepxHocTr ATs00.

Ki1oueBble cjioBa: ceBepO-BOCTOYHAS YaCTh THXOTr0o OKeaHa, BHETPONHMYECKasi 30Ha, KITMMaTHYECKIe
M3MEHEHMS, THIPOJIIOTHUECKUN LUK, COJICHOCTb, COJIECOEpHKAHUE, TPEH Ibl, PETHOHATIbHBIE 0COOEH-
HOCTH, KJIMMAaTHYECKUE MHEKCHI, KOPPEJIILIMOHHBIE CBS3H
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Abstract

Purpose. The study is purposed at determining the trends and the regional features of interannual changes
in salinity and salt content in the upper 1000-m layer of the extratropical zone in the northeastern Pacific
Ocean, and at analyzing their possible cause-and-effect relations with the large-scale and regional pro-
cesses in the ocean and atmosphere over the last two decades of the current period of global warming.
Methods and Results. The NOAA climate data sets including the GODAS oceanographic data assimila-
tion system in the nodes of a regular grid, as well as the data on the amount of atmospheric precipitation
and the series of climate indices were used in the study. The monthly average ERA5 reanalysis data on
precipitation and evaporation from the underlying surface were also applied. The methods of cluster,
correlation and regression analysis, as well as the apparatus of empirical orthogonal functions were
involved. The conducted research resulted in identifying the regional spatial and temporal features of
the changes in salinity and salt content in the upper 1000-m water column of the study area under
conditions of the current warming phase accompanied by the intensification of global and local hydro-
logical cycles. The quantitative characteristics of the noted trends and their statistical significance were
assessed.

Conclusions. The spatial distribution of evaporation-precipitation (E-P) difference trends demonstrates
a predominant evaporation pattern over most of the water area that differs from the global trends in
a hydrological cycle in the middle and high latitudes of the Northern Hemisphere, especially over the
previous period. In general, a statistically significant positive trend in salt content was observed in the
upper 1000 m of water column in the northern area, whereas in the other regions and on the average
over the whole water area, small statistically insignificant negative trends were noted in the above men-
tioned layer. The correlation relations between the changes in average annual salinity and salt content
values, on the one hand, and different large-scale regional processes and climate variables, on the other
hand, are most manifested through the following parameters: climate indices NPGO, IPO, PDO and
AD, the first mode of EOF of fluctuations in the PC1 values of evaporation-precipitation (E-P) differ-
ence, and the second mode of EOF of anomaly of the isobaric surface ATsoo geopotential.

MOPCKOM IT'MIPOPU3NYECKUI JKYPHAJT Tom40 Ne3 2024 387


mailto:rostov@poi.dvo.ru

Keywords: northeastern part of the Pacific Ocean, extratropical zone, climate changes, hydrological
cycle, salinity, salt content, trends, regional features, climate indices, correlations

Acknowledgments: The study was carried out within the framework of the theme of state assignment
of POl FEB of RAS No. 121021700346-7 “Study of the main processes which determine state and
variability of oceanological characteristics of the marginal seas of Asia and the adjacent regions of the
Pacific and Indian oceans”. The authors are grateful to the developers for the opportunity to use the
climatic data posted on the NOAA websites.

For citation: Rostov, I.D. and Dmitrieva, E.V., 2024. Trends in the Interannual Variability of Salinity
Field in the Upper 1000-Meter Layer of the Northeastern Pacific Ocean under Conditions of Modern
Global Warming. Physical Oceanography, 31(3), pp. 350-363.

Beenenue

CoBpeMeHHbIE KIIMMaTHYeCKHe H3MEHEHUS, IPOUCXOIAIINE B PA3INIHBIX T€0-
cdepax, COMPOBOXKIAIOTCS WHTEHCH(UKANUEH TII00aThHOTO KPYyroBOPOTa BOJBI
(TMApoNOTUYEeCKUi IUKIT) U 3HAYUTEIHHBIMA H3MEHEHHUSMHU COJICHOCTH ITOBEPXHO-
ctu okeana (CITO) u costecoiepkaHus TOMIIH €ro BOJ B MaciTabax OT peruoHalb-
HOro 110 TobansHoro [1-5]. TTone conenoctr (S) oTpakaeT KPyIHOMACIITAOHBIN
JIOJITOBPEMEHHBIN OajlaHC MEXIY pa3MYHBIMH KOMIIOHEHTaMH MOBEPXHOCTHOTO
MOTOKA MPECHOH BOABI, POLIECCAMU TOPU3OHTAILHOM aIBEKIINU U TIEpeMEIMBaHHSI
B okeaHe [5—7]. Hag OTKpBITBIM OK€aHOM BIAH OT MPUOPEKHBIX PAOHOB M BBICO-
KHX ITUPOT, TJe BO3ACHCTBHE PEYHOTO CTOKA M TasHUS JIbJIa OTPaHIYEHO, UCTape-
HUE 32 BBIYETOM OCaJIKOB SIBJISIETCS] OCHOBHBIM (haKTOPOM, BO3JICHCTBYIOIIUM Ha TO-
TOK ITPECHOH BOJBI, KOTOPBIH BMECTE C JMHAMUYECKIMH ITPOIIECCAMH B OKEaHe TIpHr-
BOJUT K U3MEHUYUBOCTHU €ro coneHOCTH [8]. COOTBETCTBYIOLIUI OTKINK HA U3MEHE-
HUS TUAPOJIOTHYECKOTO IMKJIA OTIMYAETCSl 3HAYUTEILHON MPOCTPaHCTBEHHO-BpE-
MEHHOI HEOJTHOPOTHOCTHIO U MPOCIICKUBACTCS B BHJIE 00JacTeil aHOMaIuii U TpeH-
JIOB COJISHOCTH U COJIECO/IEP KAHUS Pa3lIMYHbIX 3HAYEHUH M 3HaKa KakK Ha TOBEpX-
HOCTH, TaK U B TOJIE BOJ OKeaHOB U Mopeit [9, 10]. [Ipuuem BcieacTBue cBOEro
HeboJIbIIOro 00bheMa 10 OTHOIIICHHIO K TUTONIA U TOBEPXHOCTH aKBaTOPHU OKPaHH-
HBIX MOpEW pearupyroT Ha HM3MEHSIOIIMECS XapaKTEPUCTHUKU TPECHOTo OalaHca
CUWJIbHEE, UYeM B OTKPHITOM OKeaHe [7, 11]. B oTinuue oT TepMUYECKHUX XapaKTepu-
CTUK (opMHpOBaHHE OCOOEHHOCTEH IMOJISI COJICHOCTH B Pa3jIMUHBIX peruoHax Mu-
POBOTO OKeaHa UMeeT 0oJiee CIIOKHBIN, KOMIUIEKCHBIN U HEOTHO3HAYHBIH XapakTep
[7,9, 11-15].

B xoze uccienoBanuii COBPEMEHHBIX U3MEHEHUI TEPMUUECKUX YCIIOBUN CEBEP-
HOM yacTh TUXOTo OKeaHa, BhI3BAHHBIX CIIBUTOM KJIMMATHYECKOTO PEKUMA H TII0-
OabHBIM TIOTEIUICHUEM, BBISBICHBI KPYIMHOMACIITaOHBIE MPOCTPAaHCTBEHHO-BpE-
MEHHBIC HEOAHOPOIHOCTH MEXKTOJIOBOM M3MEHUMBOCTH TEPMHUUYECKUX XapaKTEpH-
CTHK BOJIbl M BO3/lyXa M JIaHbI OLICHKN MX KOJIMYECTBEHHBIX 3HAUECHUI U CTATHCTH-
yeckoi 3HaunMocTu Ha pyoeke XX—XXI BB. [16]. [Ipumepno ¢ 2013 r., moce 3a-
BEpPIICHHUS TIeproJia «Iay3bl B X0J1e TIo0anbHOTO noTereHus» [17], pacmpoctpa-
HEHHBIM SIBIICHHEM B CEBEPO-BOCTOYHOM 4acTH THXOro OKeaHa CTaJld MOPCKHE
BOJTHBI TEIUIA — JIOKAJIbHBIE O0JIACTH C IKCTPEMATBHO BBICOKMMH TeMIIepaTypamMmu Ha
noBepxHocTu okeana (TIIO), cBs3aHHBIe ¢ aTMOC(HEPHBIMU BO3JIEHCTBUSAMH B pe-
3yJbTaTe HapyIICHHsS HepreTudeckoro Oaianca 3emuu [17, 18]. B 2014-2016
n 2019-2020 rr. 3tu obiactu ¢ anomanusmu TT1O no 2,5-3°C pacnpocTpaHUINCh
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BJI0JIb 3amaHOro modepexnss CeBepHOl AMEPHKH U Ha OOJIBIIYIO YacTh CEBEPO-BO-
cToka Tuxoro okeana, GopMHUpYsl TPEXMEPHBIE TEPMHUUECKHE CTPYKTYPBI, OXBAThI-
BaloOIll€ BEPXHUMU CJIOM OKeaHa TOJIIMHOM HECKOJIbKO COTEH METPOB M COXPaHSIO-
mecs JuinTenbHoe Bpems [19]. B nemom B uctekimii 20-IeTHHE ITepro Havaa
XXI B. pernoH ceBepo-BOCTOUHOM YaCTH BHETPOIMYECKOH 30HBI THXOr0 OKeaHa oT-
nyascs 6onee Beicokumu Temnamu notemienus (TT10) mo cpaBHeHHIO ¢ aHAIOTHY-
HBIM TIPEIIIECTBYIOIINM IIEPHOJOM, B TO BPeMS Kak B CONPEIEIbHOM PETHOHE ce-
BEpO-3aMaJHON YacTH 3TOH 00JacTH HaOMI0aNach MPOTHBOIONOXKHAS TEHACHIHS
[16]. HenaBHO npoBeneHHbIe nccienoBanus [20] MO3BONMIN BBISIBUTh M OXapaKTe-
pHU30BaTh pETHOHAIBFHBIC IPOCTPAHCTBEHHO-BPEMEHHBIE 0COOEHHOCTH YCKOPEHHBIX
M3MEHEHHUH COJICHOCTH M coJiecoaepkaHus B Tojme Boa BepxHux 1000 m ceBepo-
3amaaHoi yactu Tuxoro okeaHa B mepBble aecstuieruss XX| B., conpoBoxaato-
IUXCs MHTEHCH(UKAIMEH TI00aTbHOTO0 M MECTHBIX THAPOIOTUYECKHUX ITHKIIOB.
Bruto mokazano, 94To 1Mo BceMy yKa3aHHOMY PETHOHY HaOIIOaINCh CTATUCTHYECKH
SHAYUMBIC OTPUIATCIIbHBIC TPCHABI Pa3HOCTH 3HAYCHUIN ncrnapeHue-ocagku, CooT-
BETCTBYIOIIUC YCHUIICHUIO TeHHeHHHﬁ PEeXKHUMa YBJIAKHCHUA HAa ITOBEPXHOCTU OKE-
aHa. Taxxe B 3TOT meproJ] OTMEYAINCH 3HAYNTEIbHBIE N3MEHEHUS PA3INIHBIX T10-
KazaTeneil MUpKyIsnuyd atMocdepsl U OKeaHa, KOTOPBIE COMPOBOXKAAIUCH YCHIIE-
HUEM BOJ0OOOMEHA BHETPOMHMYECKON 30HBI OKEaHa C COMPEACIbHBIMUA PETHOHAMH,
YTO TIPUBENO K (OPMHUPOBAHHUIO OOITUPHBIX 0OBEMOB TOJIIU BOJ, TTOIBEPIKEHHBIX
KaK OMPECHEHHIO, TaK W OCOJIIOHEHHUIO U Tocienyomeld Tpancopmanmu. B mienom
M0 aKBaTOPHUU BHETPOIIMUYECKOHN 30HBI CEBEPO-3amagHoil yacTu TUXoro okeaHa mpo-
CJIC)KHMBaJIACh TCHACHIUSA MOCTCIICHHOI'0 YMCHBIICHUA CPEAHUX 3HAUYCHUI COJICHO-
CTH y TIOBEPXHOCTHU M onpecHeHus Boj BepxHero 1000-merpoBoro cios [5, 10].

[MpeacranseT UHTEpPEC PACCMOTPETh PETHOHANBHBIE OCOOEHHOCTH MEXKTOJI0-
BOI M3MEHUYMBOCTH TPOCTPAHCTBEHHOW CTPYKTYPHI MOJISI COJIEHOCTH M COJIECOIep-
’KaHus Tonmy Boa BepxHero 1000-MeTpoBOro ciosi ceBepo-BOCTOYHOM yactu Tu-
XOr'0 OKeaHa, COTIOCTaBUTh IMOYICHHBIE PE3YIbTaThl C COOTBETCTBYIOIIMMH XapakK-
TEPUCTUKAMH JIJISI COTIPEJIENIbHBIX PETHOHOB, YTO MO3BOJIUT YTOYHUTH OoJiee o0Iine
AHAJIOTUYHBIE OIIEHKH, paHee BHITIOIHEHHbIE IO MUPOBOMY OKeaHy B IeJoM [5, 9,
10].

Llens HacTOsIIEH PabOTHI — OMpEIeTICHNE MPOCTPAHCTBEHHO-BPEMEHHBIX 0CO-
OCHHOCTEH MEXIOJIOBBIX U3MEHEHMI COojeHOCTH BepxHero 1000-MeTpoBOro cios
BHETPOIMTUYECKON 30HBI CEBEPO-BOCTOYHOM YacTH THXOro okeaHa W aHAIH3 UX BO3-
MOKHBIX ITPUIUHHO-CIICACTBCHHBIX CBSI3EH C prr[HOMaCIHTaGHLIMI/I " pEeruoHalib-
HBIMHM ITpOIIeCCaMK B OKeaHe u atMocdepe B Hauaje XXI cronerus.

JlaHHBIE M METOBI

Kax u B npeappayieii padore aBTopoB [20], HCTIONB30BAIUCH JAHHBIE TI0 COJICHOCTH
1 CKOPOCTH T€UEHNI CHCTEMBI YCBOSHHS OKeaHorpaduuecknx Hadmonenuiit GODAS B y3-
nax cerku 0,3° x 1° caifra https:/Mww.esrl.noaa.gov/psd/data/gridded/data.godas.html 3a
nieproz 2000-2022 rr. Taroke ObIIN UCTIONB30BaHbI CPETHEMECSIHBIE TaHHBIE 110 KOJIHIe-
ctBy ocamkoB (P) peamamm3a ERAS ma cetke 0,25° x  025° ¢ caifta
http://apdrc.soest.hawaii.edu/erddap/griddap/hawaii_soest_d124 2bb9 c935.html u wncna-
pemto (E) ¢ noactunaromieit mosepxuoctrt WHOI OAFIux version3 Ha cetke 1° % 1° ¢ caiita
http://apdrc.soest.hawaii.edu/erddap/griddap/hawaii_soest 6b5a_df06_3eeb.html?page=1.
[lo aTM naHHBIM paccuuThIBajiach pazHocTs E-P B y3nax ogHorpamgycHoi ceTku.
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Takoke ObUIH B3ATHI JaHHBIC peaHaNIN3a MOoJIeH NAaBICHUS W PSJIbI KIIMMATH-
yeckux (IupkyasuuonHbix) unaekcos (KN) [16]: NP, NPGO, PDO, SOI, PTW,
IPO, WP, NINO.WEST u WPWP 3a te e roasl. IlepeuncieHHble JaHHbIC OBLIN
nonyuensl ¢ caiitoB  NOAA  https://psl.noaa.gov/data/gridded/index.html
u https://psl.noaa.gov/data/climateindices/list/. lononHuTensHO 1O NPH3EMHOMY
aTMOoC(epHOMY JaBJICHUIO PACCUUTHIBAIICS MHACKC a3uarckoil nenpeccun (AD).

IIpoBoaunuCh pacyeT CTATUCTUK M Pa3jIOKEHHE MOoJied aHOMAJIUM Pa3IMuHbIX
XapaxkTepucTuK Ha riaBHble KoMnoHeHTsI (PC) 30 no equnoii metonuke [16, 20].
Taxoke mo nanaeiM GODAS 1o coneHocTr Ha 31 ropu3oHTe (BEpXHUH TOPU30HT 5 M)
ObLIM paccUnTaHbl 3HAUCHUS cojieconaepxanus (QS) u ux anoMaiuit (AQS) B pasjiny-
HBIX CJIOSIX OT oBepxHOCTH 10 riryonHbl 1000 M cornmacHo ypaBHEHHIO, IPUBEICH-
HOMY B padore [21, c. 3520].
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P uc. 1. TpeHIBI CpeHETOIOBOI COIEHOCTH Ha TOPH30HTE 5 M (@), TPeHIBI CPETHETOIOBBIX 3HAUCHUI
pasHocTH ucnapenue-ocanku (D), TeueHus (CTPENKH) U TPEH/BI CKOPOCTH TeUYCHHMiT (BBIACICHBI [BE-
TOM) Ha ropusonTe 5 M 1o ganHbiIM GODAS (C), TpeH bl HOPMATH30BaHHBIX 3HAUCHHI COJIECOepxKa-
Hus B ciosx 5-200 m (d), 200460 m (€) u 460-950 m (f) B 20002022 rr. Ha dparmente d nokazano
pacnonoxeHue pa3pe3oB, Ha GparmMeHTe € — BbIIeNeHHBIX paifonos (3, C, B, 10). 3neck u Ha apyrux
PUCYHKaX KPECTUKAMHU 0003HAYEHBI 06nacm, B KOTOPBIX OIICHKH CTATUCTUYCCKN 3HAYUMBI HA YPOBHE
95%

Fig. 1. Trends in average annual salinity at the 5 m level (a), trends in annual average values of
evaporation-precipitation differences (b), currents (arrows) and current velocity trends (highlighted in
color) at the 5 m level based on the GODAS data (c), trends in the normalized salt content values in the
5-200 m (d), 200-460 m (e), and 460-950 m (f) layers in 2000-2022. Fig. 1, d shows the location of
sections, and Fig. 1, e — the location of selected regions (W, N, E and S). Here and in other figures,
crosses indicate the areas where the estimates are statistically (95%) significant

ITo ocpeaHeHHBIM 3a BeCh NEPUO TAHHBIM MEKT'OJIOBBIX U3MEHEHUN COJIEHO-
CTH Ha Pa3TUIHBIX TOPU30HTaX BepxHET0 S00-METPOBOTO CII0SI B KAXKIIOM y3JI€ CETKH
METOJIOM KJIACTEPHOIr0 aHAJIM3a MO TPeM TiaBHbIM KoMmoneHTaM DO S(z) Boize-
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JICHBI YeThIpe 000COOIEHHBIX paiiOHa, PACHIONIOKEHHBIX B PA3IMYHBIX YaCTIX aKBa-
topun Mopsi: ceBepubiii (C), 3amamsbiii (3), Boctounblii (B) u roxubii (HO)
(puc. 1, e). [Ipu ucrionpb30BaHUHU STOTO METOAA KIACTEPHOTO aHAIM3a ISl ParioOHHU-
POBaHUs HCCIIeyeMON aKBaTOPHUHU IO MEXIOZOBBIM KOJIEOAHUSAM COJECOICPIKaHMS
AQs B cioe 5-200 M (kak 3TO OBUIO CAENAHO paHee Ui CONMpPEAETbHOTO PerHoHa
[20]) pe3ynpTaThl OKa3aJUCh MAaTOMH()OPMATHBHBIMH BCJEICTBHE YPE3MEPHOMN
(hparMeHTanIM 00JIACTH UCCIICTIOBAHU.

B panpHeiimeM myTeM MPOCTOTO OCPEIHEHHUS! CETOYHBIX AAHHBIX B MpeJesiax
aKBaTOPHI STHX PaiOHOB PACCUUTHIBAJICS MHOTOJIETHUHN X0 COJICHOCTH Ha KaXKI0M
n3 31 ropru3oHTa U CoIecoIep KaHms B OTACIBHEBIX c1osiX: BepxHeM (5—200 M), mpo-
MexyTogHoM (200460 m) u rmyouaHOM (460-950 M).

Oco0eHHOCTH MeKI010BOMi POCTPAHCTBEHHO-BPEMEHHOI H3MEHYMBOCTH
XapaKTePUCTHUK I0JIsI COJIEHOCTH

B nccnenyemoit akBaTopun Beiaenstorcs ceBepHslit (C) u Boctounsli (B) paii-
OHBI C XapaKTEepHBIMH YEPTaMH, MPHUCYIIUMH CYyOapKTHYECKOW CTPYKType BOJ,
a taxoke 3ananaenid (3) u oxHbH (FO) paifoHsl ¢ yepTaMu, XapakKTepHBIMHU I 00-
JIACTH CMENIEHUs BOJ CyOapKTUYECKOH U cyOTpomnmyeckoi cTpykTyp (puc. 1, €) ?
[22]. B npenenax Bcelt akBaTOPUH MPOCIEKUBAIOTCS COCTaBIsIOIINE MTOTOKOB Cy0-
apkTraeckoro u CeBepo-Tuxookeanckoro teuenuit, KanndopHuiickoit n AnsckuH-
CKoil cucteMm TeueHwid [22, 23], B MEXTOJOBBIX HM3MEHEHUSIX KOTOPBIX MPHUCYT-
CTBYIOT CTaTUCTUYECKH 3HAUYMMBbIE TPEH/IbI MOAYJISI CKOPOCTH TEUEHUH pazIu4IHOrO
3Haka (puc. 1, C).

B uccaenyemslil nepuog B MEXTOJ0BOM XOJI€ CPEOHErOAOBOM COJEHOCTU Ha
MIPUITIOBEPXHOCTHOM TOPHU30HTE 5 M BBIPa)KE€HBI CTATUCTHYECKH 3HAYMMBIE TPEH/IbI
0o0oux 3HaKOB ¢ MakcuMaiabHbIMU 3HaueHusmMu —0,19 ... 0,06/10 ner. O6nactu
C MaKCUMAaJIbHBIMHM OTPULATEIbHBIMU TPEHAAMH COJIEHOCTH PacIoflaratoTcs Ha Ie-
pHudepun uccieryeMoro peruoHa — Ha yJacTKax akBaTOPHHA OKeaHa, MPUIIETaloLINX
K CEBEpOaMEPUKAHCKOMY MAaTepUKy U AJIEYTCKUM OCTpOBaM. JTH YYaCTKU IPH-
OpEKHBIX aKBAaTOPUI OABEP>KEHBI BIMSHUIO H3MEHEHUH MaTepUKOBOTO CTOKA U BO-
nooOmeHa ¢ bepuHrossiM MopeM. B cpeanem no ucciengyemoMy pernony Habmroaa-
JIaCh TEH/ICHIUS HE3HAUUTENBHOTO YBETNYEHUS COJIEHOCTH Ha 3TOM T'OPU30HTE B OT-
JIUYHE OT PETHOHA CeBepO-3amafHoN yacTH THuxoro okeana, Ha akBaTOPHUH KOTOPOTO
OTMEYAIINCh 3HAYUMBIE OTpHUIaTeNILHBIC TPEH B colieHocTH [20]. Bee obmactu ¢ mo-
JIOKUTENBHBIMU M OTPHUIIATEIHHBIMHU TPEHAMH COJIEHOCTH (puc. 1, @) BEIpaXKeHbI Ha
AKBAaTOPWH KaK B TETUTBINA, TaK M B XOJOIHBIN TEPHO/I TO/IA.

Ha ropusonte 200 M HIKHEH TpaHULIBI BEPXHETO CJI05 ObIIIM BBIPaYKEHbI CTaTH-
CTHYECKH 3HaYMMBbIC TPEHIB! CPEAHEr0I0BON COJEHOCTH 00OMX 3HAKOB C MAaKCH-
MasibHbiMU 3HaYeHusMu —0,03 ... 0,14/10 net, Ha rimyoune 500 m — mo —0,03 ...
0,05/10 nert. Ilpu 3TOM B HMXKHEH 4acTH TITyOMHHOTO CJIOSl HA TOPU30HTAaX, Pacio-
noxeHHbIX ryoxe 900 M, B mpeenax Bcell akBaTOPUU CEBEPO-BOCTOYHOM 4acTH
Tuxoro okeana HaOIIOAATICH TOJIBKO HEOOJBIHE CTATUCTUIECKH 3HAYUMbIE OTPH-
LATeJIbHbIC IPaIUeHTHI cosieHocTH, 10 —0,02/10 ser.

! Tuxwuii okean. Tuaposorus Tuxoro okeana / Ots. pen. A. J1. loGpoBonbekuii. M. : Hayka, 1968.
524 c.
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B nenom 1o nccieayeMoMy peTHoHY CTaTHCTHYECKH 3HAYUMBIE TPEH Il MEX-
TOJOBBIX KOJieOaHUIl CpeHET0JOBOTO KOJMYECTBA OCAKOB M UCTIAPEHHS — MOKa-
3aTenell pexxuMma YBIQKHEHHS TOJCTHIIAIONICH TMOBEPXHOCTH — HE BBIPAKEHBI.
OcpenHeHHBIH 0 BCEH aKBATOPHH MaKCHMAJBHBIA TOJIOKUTEITBHBIN TPEHI Kak
KOJINYECTBA OCAJKOB, Tak U ucnapenus (~ 0,04 mm/cyt/m? 3a 10 1€T) ObLI BRIpaXkKeH
B TEIUIBIH MepuoJ rofa. OTH pe3yNbTaThl COTIACYIOTCS C aHAJIOTUYHBIMH OLEH-
KaMd  KOJMYeCTBa  OCAJKOB,  TOJYyYEHHBIMH 1O  JaHHBIM  caiiTa
https://psl.noaa.gov/data/gridded/data.cmap.html Ha cetke 2,5° x 2,5°. IlpoctpaHn-
CTBEHHOE pacIpe/IesiecHUue TPSHIOB pa3HOCTH ucnapenue-ocanku (E-P) nemonctpu-
pyer npeoOianaromiee BIUSHIE UCTIApEHUS Ha OONBIIEH YacTH aKBaTOPWH, CTaTH-
CTUYECKH 3HAYUMOE B €€ BOCTOYHOM 4actH (puc. 1, b), uTo siBHO He cormacyercs
C pacmpe/elieHHeM TPEHIOB COJICHOCTH y TIOBEPXHOCTH OKeaHa M COJIECOACPKaHUs
B pasnuHbIX ciosx (puc. 1, a, d — f) u He cooTBeTCTBYET OOIIUM TTI00ATLHBIM TCH-
JEHIIMSIM THIPOJIOTHYECKOTO KA B CPEAHHUX U BRICOKUX MHpoTax CeBepHOro mo-
nymapus [5, 7, 9], ocobenHo 3a npeamecTtByromuii nepuon 1950-2000 rr. 2. Kak
oTMedanoch paHee [5, 20], B oTiIMYME OT MHOTOJIETHUX U3MEHEHUI XapaKTepUCTUK
COJIEHOCTH W YBIQXXHEHHUS TMOBEPXHOCTH OKeaHa B TioOanbHOM Macmitade [10]
B CPEIHUX U BBICOKWX IIMPOTaX TEHACHIINU MPOCTPAHCTBEHHBIX U3MEHEHHI Pa3HO-
ctu E-P MoryT He cormacoBBIBaThCS C COOTBETCTBYIOIIMMHU PETHOHAILHBIMU TEH-
JIEHIMSIMA U3MEHEHUH COJIEHOCTH, MIOCKOJIBKY IWHAMHUKA OKeaHa W MECTHBIE (hak-
TOPBI TAKXKE MOTYT UTPaTh KOHTPOIUPYIOIIYIO POJIh B U3MEHEHHUSIX COJIEHOCTH Ha
MOBEPXHOCTH U B TOJILE BOJ OKeaHa, 00ecrieunBasi perHOHABHBIN OaaHc Mo co-
JeHoctH [9].

CxeMBI TIPOCTPaHCTBEHHBIX OCOOCHHOCTEW MEXXTOJIOBBIX M3MEHEHUH TPEHIOB
conieconepxanust (QS) BepXHEro, MPOMEKYTOUHOTO U TJIyOMHHOI'O CIIOCB 3HAYH-
TeNbHO pasnuuarotcs (puc. 1, d — f), kak 3To 0TMeYanoch s COMPEICIBLHOTO pe-
THOHA CEBEPO-3aMagHON yacTu BHeTponuueckon 30HbI [20]. IIpu aToM cxemsl mpo-
CTPaHCTBEHHOTO paclpeieIeHHs] TPEHI0B COJIECOIEPIKAHUS BEPXHETO U MPOMEKY-
TOYHOTO CJIOEB B TEIUIBIA M XOJOJHBIM MEPHUOJIBI TOAa HE TMOKA3hIBAIOT 3aMETHBIX
paznuyuil.

OTMeTHM, 4TO CTPYKTYPBI CXEM MPOCTPAHCTBEHHOTO PACIPENCICHUs COIECO-
Jiep KaHusl B TITYOMHHOM CJI0€ KaK CEBEpPO-BOCTOUYHOTO, TAK U CEBEPO-3aIla/IHOTO Pe-
ruoHOB [20], B KOTOpHIX HAOJIOAAETCs] YeTKas 30HAIbHAs OPUEHTAIUSI TPaHHIIbI
(~ 40-45° c. m.) kpymHOMacIITaOHBIX 00JacTell ¢ MPOTHBOIMOJIOKHBIM 3HAKOM
TPEHJIOB COJIECOIeP KaHUsI, XOPOIIO COTIACYIOTCS MeX Ty co00i. OTMEUYEHHbIE TeH-
JICHIIMY YMEHBIICHUS COJICHOCTH U COJIECOCPIKAHUS IITyOHHHOTO CJIOSl B YCIIOBHSIX
HWHTEHCU(PHUKALNH TTI00aTbHOTO THAPOJIOTHYECKOT0 [IUKJIA COTJIACYIOTCS U C Pe3yib-
TaTaMu APYyTux uccienosareneit [7, 9, 10]. BmecTe ¢ Tem B npeaenax Kaxaoro u3
CIIOEB TIPOCIIEKUBAIOTCS OONIMPHBIE OOJACTH, B KOTOPHIX B TEUCHHE TOCIIEIHUX
IBYX JOECSTUICTHUH MPOUCXOAMT JIMOO ONMpPEecHEHUeE, TM00 OCONIOHEHHE TOJIIHM BOJ
C pPa3IMYHOI CKOPOCTBIO — B CpeIHEM II0 aKBaTOPUU CO CKopocTbio —1,4
0,8 kr/M?/10 ner (puc. 1, d — f, Tabm. 1).

2 Climate change 2013 — The physical science basis: Working group | contribution to the fifth
assessment report of the Intergovernmental panel on climate change / Eds. T. F. Stocker [et al.]. Cam-
bridge, United Kingdom : Cambridge University Press, 2013. 1535 p.
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Tabnuma 1
Table 1

OueHKH JIHHelHOro Tpenia cosecoaep:kanus (Qs, kr/m?/10 jieT) B pasaMIHbIX CJI0SX
TOJIIIM BOJ BbIAeJIeHHBIX PailoHOB U Beeii akBaTopuu B mepuox 2000-2022 rr.
Estimates of the linear trend of salt content (Qs, kg/m?/10 years) of various layers of
the water column in the identified areas and the entire water area in 2000-2022

I'panuusl cinost, M / Layer boundaries, m
5-200 | 200-460 | 460-950 | 5-950

Paiions! / Regions

C/N -0,33 1,85 0,28 0,60
3/W 0,74 0,66 -2,40 -0,33
B/E -0,38 0,55 -0,80 -0,21
10/S 3,12 -1,04 -2,83 -0,25

Cpennee 110 akBaropuu /

Average over the whole water area 0,79 0,51 -1.44 0,05

I1 puMeE€yaHHUC. 3[[601: UB Ta6J’I. 2 MOy KUPHBIM H_IpI/I(bTOM BBIJICJICHBI CTATUCTUYCCKU 3HAYN-
Mble (95%) orleHKH.
N o te. Here and in table 2, statistically significant (95%) estimates are highlighted in bold.

O06001IIeHHO TT0 aKBATOPUSM OTACIHHBIX PAailOHOB: HANOOJIBIIINE 3HAYNMBIE TI0-
JIOXKUTENbHBIE TPEH/BI CONECOepKaHusl HAOMIOJAI0TCS B BEPXHEM CJIO€ FOXKHOTO
paiiona (3,12 kr/M*10 net) 1 B npomexxyTouHoM cioe ceseproro (1,85 kr/m?/10
J1eT); HaubOIBIINE 3HAYMMBIE OTPULIATENbHBIE TpeH kI (—2,83 kr/M?/10 neT) — B TIIy-
OMHHOM cJI0€ F0KHOTO palioHa. B menom mo pernony HaOIIOANICs CTATUCTHYECKH
3HAYUMBIN TOJIOKUTENbHBIA TpeH cosiecofepxanus B BepxHeil 1000-meTpoBoit
TOJIILIE BOJI CEBEPHOI'O paiioHa, a B JPYTHMX paiioHax M B CPEIHEM IO aKBATOPUH
B 3TOM CJIO€ HaOJII0Januch HEOOIbIINE CTATUCTUYECKH HE 3HAYMMBIE OTPHLIATEIIb-
HbIEe TpeH b (Ta0u. 1). Yka3zaHHbIC OLEHKH TEHACHIUH, TPEHIOB U PETHOHAIBHBIX
0COOEHHOCTEW MEKTOZOBBIX M3MEHEHHMH CTPYKTYpBI MOJIS COJEHOCTH TO3BOJSIOT
JeTaIM3UpOBaTh MOJTYYECHHBIE paHee OLEHKH M3MEHEHHH, MPOUCXOISIINX B IJIO-
0aibHOM MaciiTade B YCJIOBHUSIX MHTCHCU(DHUKAIIMY THAPOJIOTrHUECKOro Iukna [1, 7,
9, 10].

Kak u B conpenenbHOM peruoHe cepepo-3anaaHon yactu Tuxoro okeana [20],
IJIaBHBIE OCOOEHHOCTH NMPOCTPAHCTBEHHOH CTPYKTYpBI TPEHIOB COJIECOACPIKAHHS
BepxHero cios (puc. 1, d) XopoIro cormacyroTcst co CXeMO# pacripeaeneHust Kod¢-
¢urmenToB riepBoit Moabl DOD1 pasznokeHus aHoManwii QS 3TOTO CIOsI, YTO JaeT
BO3MOXHOCTH MCIIOJIb30BaHus TiaBHOro kommnoHenrta (PC1) storo cnocoba mapa-
MeTpu3anuu Konebanuii QS sl yCTaHOBJICHHUST KOPPEISAIUOHHBIX CBS3EH ¢ pa3ind-
HBIMHU KJIMMATHYECKUMH NapaMeTPaMH.

Me:kroaoBasi H3MeHYHBOCTH BEPTHKAJILHOM CTPYKTYPHI COJIEHOCTH BEPXHEro
1000-meTpoBoro cjios

dopMupoBaHHE W U3MEHYMBOCTb BEPTUKATIBHOM CTPYKTYPHI MOJSI COTCHOCTH

MPOUCXOJIAT B PE3YJIbTATEe HEMPEPHIBHOIO B3aWMOJICHCTBHS Pa3HOOOPa3HBIX MPO-

[IECCOB Ha MOBEPXHOCTH, BEPTUKAJIHHOTO MEPEMEIINBAHIS W BHYTPHUBOJHOTO 00-

MeHa. Ha puc. 2 npencTaBieHsl cpeHie MPopHINn BEPTUKAIBLHOTO PacpeIeICHHsI

coJIeHOCTH S(Z), aMILTUTYIHON CTPYKTYPhI QUIyKTyaruii anoManui S(z) — raaBHOTO
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kommoHenta PC1 30 u tpenmos b(z) conenoctr Ha pa3IUUHBIX TOPH3OHTAX B IIpe-
JiefiaX BBIACIICHHBIX PAOHOB MO JAHHBIM MEXT0I0BOM M3MEHUYUBOCTH S(Z) ams re-
puoma 2000-2022 rr.
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P u ¢. 2. O60061IeHHbIC KPHBbIC BEPTHKAIBHOTO paclpe/ieNieH s cojeHocTH (8, d, g, j), TIaBHOro KoM-
norenTa PC1 D0® anomanwuii cosneroctu (b, €, h, k) u Tperna b conenoctn Ha pasnuyHBIX TOPU30HTAX
(c, f, i, 1) 32 2000-2022 rr. Cepxy BHu3: paiions C, 3, B, IO cornacho puc. 1, €
Fig. 2. Generalized curves of vertical distribution of salinity (a, d, g, j), main component PC1 of EOF
of salinity anomalies (b, e, h, k) and salinity trend (b) at different levels (c, f, i, I) for 2000-2022. From
top to bottom: the N, W, E and S areas according to Fig. 1, e
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Kak ormewanoch BbIie, OCOOEHHOCTH BEPTHKAIBHON CTPYKTYpPHI COJIEHOCTH
paiionoB C u B xapakTepHsI a5t Cy0apKTHIECKOH CTPYKTYPHI BOJI C MOHOTOHHBIM
yBeIMUeHHEM S ¢ TITyOuHoi (puc. 2, &, g), a paiionoB 3 u KO — ans obnactu cMere-
HUS BOJ CyOAPKTUIECKOU U CyOTPOMUIECKOH CTPYKTYP C HEMOHOTOHHBIM M3MEHe-
HHeM cojieHocTH (puc. 2, d, j) [22]. Kpusbie PC1(z) (puc. 2, b, e, h, k) npumepHo
COOTBETCTBYIOT BEPTHKAILHOMY paclpee]IeHII0 3HAaYeHNH Jrama3oHa ee n3MeHe-
HUl B MexrosoBoM xoe (o 0,07-0,09 B Bepxaem 200-MeTpOBOM CJIOE 3aMaIHOTO
1 FO)KHOTO PaiiOHOB) U BEPTHKAIBHOMY pacIipeIeICHHIO TPEHI0B cosieHocTH b(Z) Bo
Bcex paitonax (puc. 2, ¢, f, i, I). Koapdunment koppemnsuu (R) konedanuit PC1(z)
u b(z) cratucTruecku 3HaunM U coctapisiet + 0,84-0,98. B 1enom Ha riiaBHbIH KOM-
moHeHT PC1 MeXromoBod M3MEHUYWBOCTH NPOGMIEH COJICHOCTH B MCCIEAYEMBIX
pationax npuxoautcs ot 43% (paiion B) mo 63—83% (mns npyrux paiioHOB) oOIIei
TUCTIEPCUH COJICHOCTH Ha Pa3IMYHBIX TOPU30HTAX.

AHaM3 MEXTOAOBBIX TPCHAOB CTATUCTUYECKHU 3HAYMMBIX M3MEHEHHH BEPTH-
KaITbHOW CTPYKTYPBHI COJICHOCTH B CPEIHEM IO OTJAENBHBIM paifoHaM IOKa3aj, YTo
MaKcUMaJbHbIe oTpunarenbubie TpeHasl (—0,02/10 net) Habmoaaauch B CEBEPHOM
paiione (puc. 2, C), a MmakcumainbHbie monoxurenbabie (0,03/10 1er) — B 10KHOM
paiione (puc. 2, I), B cimoe BepxHero xanokianHa. [TokazaTeastMu 0OIIMX TCHACHIMI
KpYITHOMACIITaOHBIX MEKTOJI0BBIX U3MEHEHHH IOJISl COJIEHOCTH MCCIIEIYEeMOro pe-
THOHA SIBIITIOTCS XapaKTEPUCTUKHU COJIECOIepKaHus TONMIH Boa. COracHO JaHHBIM
tabn. 1 u puc. 1, d —f, B npenenax BHETPOMMYECKOI 30HBI CEBEPO-BOCTOYHOM YaCTH
Tuxoro oxeaHa B MOCIeAHNE JECATIIETHS peo0aaiany TeHISHIINA KaK OCOJIOHe-
HUS, TaK ¥ OMPECHEHHs] BOJI BEPXHETO, IIPOMEKYTOUYHOI'O U TIIyOWHHOTO CIIOEB OT-
JENBHBIX paiioHOB. OHAaKO, B OTJIMYHE OT CEBEPO-3alaHOT0 CEKTOpa 3TOM 30HBI
[20], craTucTUYeCKH 3HAYUMBIX TPEHJIOB COJIECOACPIKAHUSA, CBHUACTEILCTBYIONINX
0 TeHJICHIIUSAX OCOJIOHEHUS WM ONIPECHEHUs ToIH Boj BepxHero 1000-meTpoBoro
CJIOSl BCETO CEBEPO-BOCTOYHOTO CEKTOPA, HE BBISBICHO. Y BEJIMUEHUE TPEHIOB TeTl-
JIOCOAEP KaHUS 3TOTO CJIOSI PETHOHA BHETPOITMYECKON 30HBI CEBEPO-BOCTOYHOM Ha-
ctu Tuxoro okeana (~2%) [24] Takxe OBUIO CTATUCTHYECKH HE 3HAYUMBIM.

[TpocTpaHCTBEHHBIE OCOOCHHOCTH BEPTUKAIBHONW CTPYKTYPHI TOJIIIN BOJI C Pa3-
JIUYHBIMY 3HAYCHUSMU TPEHJIOB PACTIPECHEHUS M OCOJIOHEHHUSI OTOOpaKeHbI Ha 30-
HIBHBIX M MEPHIMOHAIBHBIX pa3pe3ax, MepeceKaloliX aKBaTOPUIO PErHoHa
(puc. 3). Ha Gonpiieit 9acTy 1miomaan B IIIOCKOCTH BCEX Pa3pe30B BHIPAKEHBI CTa-
TUCTUYECKH 3HAYMMBbIE TPEHABI COJICHOCTH Pa3IMYHbIX 3HAYCHUH U 3HaKa, POpMH-
pYIOIIHE CTPYKTYPbl KPYIMHOMACHITAOHBIX aHOMAIIMH COJIECOJICPIKAHUS B Pas3iiny-
HBIX CJIOsIX Toymu Box (puc. 1, d —f).

HOsxHEBI# 30HATBHBIN pa3pe3 BHob 40° C. 1. IepeceKaeT 3ama HbIi, BOCTOTHBIN
paiOHBI U FO’KHYIO 4acTh ceBepHOro (puc. 3, a; 1, d). Haubonbmme monoxurenbHbie
TpeHapl coseHocTH, 10 0,02—0,03/10 set, npocnexuBaroTcs B BepxHeM 30-MeTpoBOM
CJIOE B LIEHTPAJILHOM YacTH 3TOTr0 pa3pesa u B cioe 120-220 M B ero BOCTOUHOM 4acTH;
HauOOJIbIIIME OTpULATEIbHbIE TpeHIbl, 10 —0,07/10 ner, — B BepxHem 100-mMeTpoBOM
CJIO€ ¥ CEBEPOAMEPHKAHCKOTO MOOEPEKbs, IOABEP)KEHHOTO BIMSHUIO MAaTEPUKOBOTO
CTOKa U anBeuIuHra [22].
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®dopmMupoBaHHEe TPEHIOB MEKTOJIOBBIX H3MEHEHUIT COJICHOCTH Ha CEBEPHOM 30-
HaIbHOM paspese (puc. 3, b; 1, d), B oTiuume OT F0)KHOTO, POUCXOAUT B YCIOBHIX
OTCYTCTBUS 3aMETHBIX TOPH30HTAIBHBIX IMUPOTHBIX IPATUCHTOB MPOCTPAHCTBCH-
HOTO pacIipeIesicHUs COJICHOCTH B Tipenenax Bcero 1000-meTpoBoro ciios. B Hik-
Hel JacTu BepxHero 150-MeTpoBOTO CIost 3armaaHol 4acTu paspesa Mpeo0iaanaroT
OTpHIIATENbHBIE TPEHIBI COJIEHOCTH ¢ MaKCHMalbHBIMU 3HaueHusmu g0 —0,08/10
JIeT B 3ToM cioe. B Bepxueli yactu 150-MeTpoOBOTO €105, B 3aMaIHOM U BOCTOYHOM
gacTsaxX paspesa 1o 50° ¢. 1I., MPOCIeKUBAIOTCS JOKAITBHBIE 00JIACTH C ITOJIOXKHUTEb-
HbIME TpeHaamu S. [loyioxkeHue 3TuX 00JacTel COrNIaCyeTcsl CO CXEMOUM TOPU30H-
TANBHOTO pacrpeeieH s 3HaueHuit pasHoctu E-P (puc. 1, b). B cioe 150-600 M Ha
OoJbIel YacTu pa3pe3a BHIPAXKCHBI TIOJOKUTEIbHBIC TPEH/IBI COJICHOCTH C MaKCH-
MaJIbHBIM 3HaYeHHeM Ha ropusonte 200 M 1o 0,02—0,04/10 set, a HUXKE HEro 3HAK
TPEH/Ia BHOBb MCHSETCS Ha MPOTHUBOIONIOKHBIN. [TomydeHHbIe pe3ynbTaThl O3B0~
JISIOT JCTaIU3UPOBaTh OOIIKE PErHOHAILHBIC 0COOCHHOCTU MEKTOI0BON U3MEHYH-
BOCTH BEPTHKAITLHOW CTPYKTYPHI TOJISI COICHOCTH B CEBEPHOM (pHC. 2, C) U APYTHX
paiioHax.

B b/0oner

P u c. 3. CoBMmemeHHOE BEepTHKAIBHOE PACIIPE/ICNICHNE COJEHOCTH (CIUIOIIHbIE JIMHUH) M TPEHJO0B
COJIEHOCTH (BBIIEJICHBI IIBETOM) Ha 30HAJBHBIX paspesax 1o 40° ¢. mr. (@), mo 50° c. mi. (b) u Ha Mepu-
MOHANBHBIX paspe3ax mo 170° 3. a. (¢) u mo 150° 3. x. (d) B mepuox 2000-2022 rr. Pacmonoxenue
pa3pe30B mokasano Ha puc. 1, d

Fig. 3. Combined vertical distribution of salinity (solid lines) and salinity trends (highlighted in color)
on the zonal sections along 40° N (a) and 50° N (b), and on the meridional sections along 170° W (c)
and 150° W (d) in 2000-2022. Section locations are shown in Fig. 1, d
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DopMHUpOBaHNE TPEHIIOB MEKTOJOBBIX M3MEHEHHUI COJEHOCTH Ha MEPHUIUO-
HaJIBHBIX paspesax mo 170°, 150° u 130° 3. A. (pUCYHOK HE MPUBOJUTCS) MPOUCXO-
JUT B YCIIOBHSIX 3HAYUTEIBHBIX MPOCTPAHCTBCHHBIX I'PAJUCHTOB MOJIS COJCHOCTH
(puc. 3, ¢, d; 1, d). OrmMeTM, YTO MaKCHMAaJIbHBIE OTPUIATENBHBIE TPEHIBI COJIEHO-
ctH co 3HaueHueM jo0 —0,07/10 et ObLTH JTIOKAJIM30BaHbl Ha ropu3oHTax 70 u 120 m
B CEeBEpHOM yacTH 3amagHoro paspesa (170° 3. 1.) BOMHM3M AJICyTCKOM OCTPOBHOM
rpsael. OONacTh ¢ MaKCUMaJIbHBIMH 3HAYCHHSMH TIOJIOKHTEIBHBIX TPEHIOB
S (0,06/10 yieT) mpociekMBAIOTCS B PA3TUYHBIX YIaCTKAX BEPXHETO U MPOMEKYTOU-
HOTO CJIOEB HAa BCEX PacCMaTPUBAEMBIX pa3pe3ax, IJie OHH BBITSIHYTHI B ITUPOTHOM
HaIpaBJICHUH.

AHamm3 KapT MEXT00BOM N3MEHUYNBOCTH TeUCHMH Ha Topu3oHTaX 105 1205 M,
noctpoeHHbIX 1o gaHnHbiM GODAS, mokasai, 4To aHOMaJbHbBIE 3KCTPEMYMBI T0JI0-
KUTEINBHBIX U OTPUIATENFHBIX TPEHJIOB COJICHOCTH, PACTIOIOXKEHHBIE BOIM3H 3TUX
TOPH30HTOB, COOTBETCTBYIOT OOJIACTSIM JIOKAJTU3AIMK CTATHCTHYECKH 3HAYMMBIX
TPEHIOB MOAYJISI CKOPOCTH Te€4eHUH co 3HauenneM 10 +0,03 m/c/10 ner.

TeHnneHMY U3MEHYMBOCTH BEPTUKAIILHON U TOPU30HTAIBHON CTPYKTYPBI I1OJIS
COJIEHOCTH OTPAXKAIOTCSI B COOTBETCTBYIOIINX H3MEHEHHUAX XapaKTEPUCTHK COJIECO-
JIepKaHUs pa3IuyHbIX ciaoeB Toimm Boj (puc. 1, d — f). OrMeTnM, 4To 3HAYCHHUS
TPEHJIOB COJICHOCTH B TOJIIIE BOJ HCCJIEIYEMOTO pernoHa mpumepHo B 2—10 pas
(B 3aBUCHUMOCTH OT 3HaKa) MEHbIIIE, YEM B CEBEPO-3aMaTHOM YaCTH BHETPOITUIECKOM
30HbI Tuxoro okeana [20], nexareit B TOH xe KIMMaTHUYECKOU 30HE.

KoppeasinnoHHble CBA3H MEKI010BBIX H3MEHEHMIT XapaKTEePUCTUK
M0JISI COJIEHOCTHU € KPYNHOMACIUTAOHBIMM M PErHOHAIbHBIMH NpoLeccaMu
B OKeaHe U aTMoc(epe

Bbl1 mpoBeAeH B3aUMHBII KOPPEJSILIMOHHBIN U PETPECCUOHHBIN aHAIN3 MEXI0-
JIOBBIX BapHalWii BPEMEHHBIX PSI0B COJIECOACP)KAaHUs U BPEMEHHbIX K03 duIreH-
toB neproii (PC1) u Bropoii (PC2) mox D0 paznoxeHust aHoManuit QS B BepXxHeM
U IPOMEXYTOYHOM CJIOSIX TOJIIM BOA — C U3MEHEHHSIMH KJIIMMATUIECKUX HHAEKCOB
W JIpyruX TOKa3aTeliel, XapaKTepU3yIoUMX KaK JUHAMHUKY KIMMAaTHYECKOW CH-
cTeMbl aTMoc(epbl M OKeaHa, TaK M PEXXUM YBIXKHEHHS B HCCIEIYEMOM PETHOHE.
OCHOBHBIE XapaKTEPUCTHKH ITHX KIMMATHUYECKHX MEPEMEHHBIX M MX BPEMEHHOM
HM3MEHUYMBOCTHU YK€ pacCMaTpUBAIIUCh aBTOpamu panee [20, 24].

B 1nenoM o peruoHy KOppensHOHHbIE CBSI3M U3MEHEHUH CPeAHEr0/10BbIX 3Ha-
YeHMi cosecoaepkanus QS u ero riaBHbIX KoMoHeHToB PC1 u PC2 ¢ pa3nuyHbiMu
KIMMaTHYEeCKUMH TIEPEMEHHBIMHA HanboJiee BBIPaKEHbI CO CIEAYIOIIMMHU apameT-
pamu: unnexcamu NPGO (¢ BpemennsiM starom 1 rox), IPO, PDO, AD, niepBoii Mo-
1o D0 konebaHmii 3HAYCHUH pa3HOCTH HcnapeHue-ocanku (E-P) u BTopoit Mo-
noit DO aHoManuu TeonoTeHInaNa n300apudeckoit moBepxaoctu ATsog (TabM. 2).

MexrofoBsle U3MEHEHUS! HEKOTOPBIX M3 3TUX MEPEMEHHBIX B3aMMOCBS3aHBL,
YTO MPUBOJUT K UJICHTUIHOCTH COOTBETCTBYIOIINX OIEHOK KO3 PHIIMEHTOB KOppe-
JSIIUY, TPUBEICHHBIX B Ta0. 2 (cioit 5-200 M) s nap nepemennsix PCL(E-P) —
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PC2(AATsw), PDO — AD. Kak u B apyrux paitonax [20], ¢ riry6uHO# TeCHOTa KOp-
PETSIIMOHHBIX CBA3€H W3MEHYHMBOCTH KJIMMATHYCCKUX ITapaMETPOB, COJCHOCTH
U COJICCOJICPIKAHMS 3aTyXaeT.

KapTsl mpoCTpaHCTBEHHOTO pacrpeaeieHus KodpUIMEeHTOB MapHo# perpec-
cuu (puc. 4) MaOT HATMSITHOE MIPECTABICHUE O XapaKTepe MPOCTPAHCTBEHHBIX 0CO-
OEHHOCTEH M TECHOTE KOPPESIIUOHHBIX CBA3CH MEXIy M3MEHEHUSIMH COJIECOICp-
KaHUs U BaOKHEHIIMMH M3 KJIMMATHYECKHX MMapaMeTPOB B Pa3IMYHBIX paiOHax.
[Tpuyuem COOTBETCTBYIOIINE CXEMbI JUTS KKIO0H U3 Tap MepeMEHHbIX, PACCMOTPEH-
HBIX BbIIIE, MOA00HBL. C yY4eTOM Pas3IMYHOrO 3HaKa KO3()(MHUIIMEHTOB KOPPESIUH
(Tabn. 2) aTi ocobeHHocTH (pHC. 4, 8 — C) XOPOIIO COTJIACYIOTCS CO CXEMaMHM pac-
MpeaeleHns TPEHIOB COJIECOAEpKaHms B BepxHeM cioe (puc. 1, d).

Tadonuma 2
Table 2

KOS(l)q)l/IHl/IeHTLI KOppeJasauui 1ViaBHbIX KOMIIOHCHTOB U CPEAHET0J0BbIX
3HaveHmii cosieconep:xkanus (Qs) B cimoax 5-200 u 200460 m
¢ KJIMMATHYEeCKMMH HHIEKCAMM [JIsl Pa3JInYHbIX paiioHoB 3a 20002022 roabt
Correlation coefficients of principal components and annual average salt
content values (Qs) in the 5-200 m and 200-460 m layers with climatic indices
for different regions for 2000-2022

KomnoneHTsI 1 paﬁo_HLI / IMapametpsr / Parameters
Components and regions  |"NpGG | 1PO | PCI(E-P) | PC2(AATsw) | PDO | AD
Cuoit 5-200 m / 5-200 m layer

PC1 0,7 0,2 -0,4 -0,6 0,5 0,5
PC2 0,8 -0,5 0,4 0,3 -0,6 -0,6
C/N 0,2 -0,2 0,3 0,0 -0,3 -0,4
3/W 0,1 -0,4 0,5 0,5 -0,5 -0,5
B/E 0,5 -0,2 0,0 -0,2 -0,3 -0,3
I0/S -0,5 -0,6 0,5 0,7 -0,6 -0,6

Bcs akBaropus /
Whole water area 02 -06 06 0.6 08 08

Croii 200-460 m / 200-460 m layer

PC1 -0,6 0,1 0,0 0,0 0,2 0,1
PC2 -0,3 -0,4 0,5 0,5 -0,4 -0,5
C/N -0,6 -0,1 0,2 0,2 -0,1 -0,2
3/W 0,2 -0,4 0,5 0,2 -0,5 -0,4
B/E -0,6 0,0 04 0,3 -0,1 -0,2
I0/S 0,3 -0,2 0,3 0,1 -0,3 -0,3
Bes axsaropus / 00 04 0,6 03 05 -06

Whole water area

OObscHennas aucniepcus (R?) MHOKECTBEHHOM pETpecCHH M3MEHYMBOCTH
PC1(Qs) Bepxsero cnost 5-200 m u kiumarudeckux nepemenssix NPGO, PCL(E-P),
PC2(AHsw0) n PDO B mepuon 2000-2022 rr. coctaBmia 60%, T. €. COBOKYITHOCTh
9THX TIEPEMEHHBIX YJIOBIETBOPUTEILHO OINMCHIBAET HAOIIOAaeMble W3MEHEHHUSI
TJIABHOTO KOMIIOHEHTa coliecosiepxkanus (puc. 4, d).
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P u c. 4. Kospduuunenrts nuneiinoit perpeccuu (Reg) xonebanuii cpeiHEro0BbIX 3HAYCHHI aHOMa-
i coneconepskanust Bepxuero ciost 5-200 m ¢ NPGO (a), PC1 pasnoctu ucnapenue-ocanku (b)
u PDO (c) 8 20002022 rr.; mexxrogossie uzmenenust PC1(QS) BepxHero ciost (depHasi KpHBasi) U arl-
MIPOKCHMHUPYIOIIasi KpHBas ypaBHEHHSI MHOXECTBEHHOU perpeccry (TloKa3aHa KPacHBIM IIBETOM) € Pa3-
JTMYHBIME KIAMAaTHIeCKUMH nHexcamu (d)

F i g. 4. Linear regression coefficients (Reg) of the fluctuations of average annual salinity anomaly
values in the upper 5-200 m layer with NPGO (a), PC1 of evaporation-precipitation difference (b) and
PDO (c) in 2000-2022; interannual changes in PC1(Qs) of the upper layer (black curve), and fitting
curve of the multiple regression equation (shown in red) with different climatic indices (d)

3akaouyeHue

B Teuenue nocneqHUX ABYX JAECATUICTUM B MEXIOJOBOM XOJIE COJICHOCTH Ha
MIPUITIOBEPXHOCTHOM TOPH30HTE 5 M BBIPAKEHBI CTATUCTHUCCKU 3HAYMMBIC TPEHIbI
000mx 3HaKOB ¢ MakcuMaibHbIMK 3HaYeHusMu —0,19 ... 0,06/10 net. B cpennem mo
HCCIIClyeMOMY PErMOHY HaOJII0/1aach TCHIACHIIUS HE3HAYUTEIILHOTO YBEIUUCHUS
CpeIHEel COJICHOCTH Ha ATOM T'OPHM30HTE B OTJIMYHE OT PErMOHA CEBEPO-3alaHOMN
yactu TUXOro okeaHa, Ha aKBaATOPUHU KOTOPOT'O OTMEYAITNCH 3HAYUMBIE OTPHUIIATENb-
HbIe TpeHAbl cosieHocTd. C TryOWHOW 3HAaYeHHs TPEHIOB yMeHbIawTcsa. B memom
9TH 3HAYEHUS B TOJIIE BOJ MCCIENyeMOro pernona npuMmepHo B 2—10 pa3 (B 3aBu-
CHUMOCTH OT 3HaKa) MEHbIIIE, YeM B CEBEPO-3aMafHON YaCTH BHETPOIMUYECKOMN 30HBI
Tuxoro oxeaHa, Jexaiieii B TOH )K€ KIMMaTHYCCKOH 30HE.

B npenenax uccieayeMoi akBaTOpUU CTATHCTUYECKH 3HAYMMBIE TPEHBI MEK-
TOJIOBBIX KOJICOAHUI CPEIHETr00BOr0 KOJMYECTBA OCAIKOB U MCIIAPEHHUS HE BhIpa-
XKeHBL. B TO e BpeMs IpOCTPaHCTBEHHOE PacIipe/ie]iCHue TPSHIOB 3HAYCHHUN pa3-
HocTH Hcrnapenue-ocanku (E-P) nemoHcTpupyer npeobiiagaromumii xapakrep Uca-
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peHus Ha OOJIbIIIEH YacTH aKBaTOPHH, YTO OTIMYACTCS OT OOITUX TII00aThHBIX TCH-
JEHLUI THAPOJIOTMYECKOTO IIMKJIA B CPEAHUX M BBHICOKMX IHpoTax CeBepHOro mo-
Tyniapusi, 0cOOSHHO 3a MPEAMIECCTBYIOIIUH TEPUO/I.

CXxeMbl MPOCTPAHCTBEHHBIX PACIPENICNICHUI MEKI0I0BOY H3MEHYMBOCTH TPEH-
JIOB COJIECO/ICPKAHUS BEPXHETO, TPOMEKYTOUHOTO U ITyOHMHHOTO CJI0€B 3HAYNTEIBHO
paznuyaroTcss Mexkay coboil. O000IIeHHO: MPU CPaBHEHWH aKBATOPHH OTIEIBHBIX
paiioOHOB UCCIEAyeMOM 00JIaCTH YCTAHOBIICHO, YTO HAUOOIBIINE 3HAYNMBIC TTIOJIOMKH-
TeJIbHBIE TPEHBI CONECOAEPKaHUs HaOII0Aal0TCS B BEPXHEM CJIO€ FOXKHOTO paioHa
(3,12 xr/m%10net) u B TpoMexKyTO4HOM ciloe cesepHoro (1,85 kr/mM%/10 ner),
a HaubOJIbIIINE OTPUIATEIbHBIE TpeHabl (—2,83 kr/M%/10 J€T) — B TIIyOMHHOM Cllo€e
F0’KHOTO paifoHa. B riemoM rmo perroHy Habroaaics CTaTHCTAYECKH 3HAYNMBIH TTOJI0-
YKUTENBHBIA TpeHA conecoaepkanusa B BepxHel 1000-meTpoBo# TouIIEe BOA CeBEp-
HOTO palioHa, a B IPYTUX paioHaX M B CPEIAHEM IO aKBATOPUH B 3TOM CJIOC HAOII0/1a-
JICh HEOOIBIIUE CTATHCTHICCKU HE 3HAYUMBIC OTPHUIIATEITLHBIC TPSH/IBI.

KoppensunonHsie cBs3M N3MEHEHUH CPEHETOAOBBIX 3HAUCHHUHI COJIecoIepxKa-
HUS U TJIaBHBIX KoMIoHeHTOB PC1-2 (QS) ¢ pa3niMyHbIMU KIMMATHYECKHMU TIepe-
MEHHBIMH Har0oJiee BRIPAXKEHBI CO CIEAYIOIIUMU MapaMeTpaMu: KITMMATHICCKUMH
naaexcamu NPGO, IPO, PDO, AD, nepsoit Moot 20D konebanmii 3nauennii PC1
pasHocTu ucnapenue-ocaaku (E-P) u Bropoii Mmomoit D0®d aHOMaIuU TeOMOTSHIIN-
aa nzobapuaeckoii moBepxHoCcTH ATs00.
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