Kak pabortaert okeaH

Hobponiobos Cepreir AHaTonbesuY, akagemuK PAH,
AeKaH reorpaduyeckoro pakynoreta MIY,

npodeccop, 3aB. Kadeapon okeaHONOrMun



Ponb okeaHa B rmo6anbHOM Tenno-snaroobopore
XapakTepucTukKu Bo4 oKeaHa

OuHamMmunka okeaHa (BOJSHbI, NPUNNBLI, TEYEHUSA)
NMpupogHble KonedbaHus B cucteme oKkeaH-atmocdepa

COBpEMEHHbIe rmobGanbHble U3BMEHEHUA B OKeaHe



Ponb oKkeaHa B rnobasibHOM Ten/so-
Bnaroobopore



Mopckas Boaa n atMocchepHbIn BO3yX

napamMeTp Mopckast Boaa Bo3ayx
MnoTtHoCTL 1025 kr/m3 1.2 kr/m?
YaenbHas 4.2x103 JIxx/(xkr K) | 1x103 Tx/(xr K)
TennoeMKOCTb

OTHoweHue macc ATm:OkeaH 1: 262
OTHOoweHue TennoemkoctTeun — 1:1096.

NMpun cpeaHen rnyonHe okeaHa 3700 m
TennoeMKOCTb BCcen atmocepbl paBHa
TEenJsI0EMKOCTU TPEXMETPOBOIro CJiosl oKeaHa!




banaHc Tenna Ha NOBEpXHOCTU OKeaHa

KopoTkoBoHOBas JNMHHOBOIHOBAS KOHTaKTHbIN NcnapeHue,
pagvauma pagnaums TennoobmeH CkpbITOE TENNo
gBHOE TEenno

H= SW{ - LWT - ohT - Qel
100% 65% 8% 27%

Met surface heat exchange Annual mean

Kallberg et al 2005
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MpunynHbLI MepunanoHanbHOro nNepeHoca Tenna B oKkeaHe

LLiInpoTHbie pa3nnuua Tennosoro 6anaHca

TemnepaTypHblii KOHTPACT MeXAY BbICOKMMU U HU3KMMU LLMPOTAMMU

Ana noppepKaHus
6anaHca Heobxoanmo
MeXLUPOTHOoEe
nepepacnpegeneHume
NnoJsiy4yaemou 3Heprum

B atmocdepe 1 B OKeaHe.

Mpuxoasias aHeprus Ha BepxHel rpaHuLe atMmocdepsbl
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MepuguoHanbHbIN NepeHOC IHEePrumn B OKeaHe
n atmocdpepe
(nonoXxutenbHoe HanpaBreHne — Ha ceBep)
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mobanbHbIU TMAPONTIOrNYEeCKUN LUUKN

Atmospheric transport

BennuunHbl AaHbI B ThIC.KM? B rog.



Pa3Huua ncnapexHume — ocagku, m/rog
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NoTtok CO, n3 atmocdpepsl B okeaH (r C/ (M? roa)
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N3 oOKeaHa B aTtMocdepy n3 aTmocdepbl B OKeaH

Takahashi, 2009



XapaKTepUCTUKU BOA, OKeaHa

TemMmnepatypa

ConeHocTb
MnoTHOCTL
PacTBopeHHbIU Kucnopon

BbuoreHHblIe BellecTBa
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PacnpeaeneHne temnepaTypbl Ha
nosepxHoctn MunpoBOro okeaHa

Annual temperature [°C] at the surface.
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PacnpeaeneHne temnepatypbl Ha rybuHe
2000 m B MnpoBom oKeaHe

Annual temperature [°C] at 2000 m. depth.
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ConeHocTb — coaepkaHue [r/Kr, %o (npomunne)]
MMHEpPaNbHbIX BELLECTB B 1 KI MOPCKOM BOAbI

CoctaB pacTBOPEHHbIX BELLECTB B MOPCKOM Boge

MaKpOas1eMeHTbl — onpeagenAarT CoNeHOCTb BOAbl

MWKPO3/1eMeHTbl

6MoreHHble BeLEecTBa — XapaKTEPU3YIOT YCAOBUA NUTAHUA
opraHm3amoB (a30T, pocPop, KpeMHUI)

PacTBOPEHHbIE rasbl



ConeBou cocTaB BoA OKeaHa (B %)

/—V—‘—V—\

* Co/N1eBOM COCTaB MOPCKUX BOA, OAMHAKOB BO BCEX
yactax Muposoro okeaHa (npu ntob6on coneHocTn) —
3aKOH NOCTOAHCTBA COJIEBOrO COCTaBa MOPCKOM BOApbI



daKTopbl M3MEHEHUA CONIEHOCTU

* Pa3HOCTb MeXay CrioemM oCaKoB 1N UCrnapeHund

* U3MEeHEeHUe MaTepmnKoBOro CToka

* pernmoHalsibHoe BJrinaAHne npoueccoB TadHUA N o6pasoBaH|/|;| INbAaa
* BIMdHNEe MOPCKUX Te4yeHun

Pa3HoCTb ncnapeHnAa n ocagkoB Ha Pacnpe.qeneHMe COJIeHOCTM Ha

NoBepPXHOCTN OKeaHOB (cm/rop) noBepxHocTu Muposoro okeaHa
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ConeHocCTb (%o0) MOBEPXHOCTHOIO CJ101
HEKOTOPbIX BHYTPEHHUX MOpPEN
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Annual salinity [PSS] at 1200 m. depth.
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[TNOTHOCTb MOPCKOWM BOAbI

* MJIOTHOCTb BOAbI P [Kr/m3],

* YCNOBHaA NAOTHOCTb [Kr/m3] o = p - 1000

*  nNpu atmocPepHOM AaBAEHUN BENNYMHA
p = 1025-1033 kr/m3, a o = 25-33 Kr/m3

* 3aBMCMMOCTb NJIOTHOCTM P OT AaB/iIeHUA, TeMMepaTypbl U CONEHOCTH
* p=f(TS,p)—ypaBHeHNe cocToAHMUSA

* yBenuMyeHue rryounHsl Ha 1 KM NPUBOAUT K YBENUYEHUO p HA 5 Kr/m3

« yBenu4yeHune coneHocT Ha 1%o npmBoauT K yBenunyeHnto p Ha 0,8 kr/m3

* yBenuMyeHue temnepatypbl Ha 1°C npuBoauT K yMeHblleHno p Ha 0,05-0,35 kr/m3
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IHMpKyJasauus BoJA B HOBEPXHOCTHBIX (1) M MPUIOHHBIX
(2) ciaosix oxkeaHa, 00yCJOBJIECHHAS Pa3JIHYUAMU
YCJIOBHOH IJIOTHOCTH HA MOBEPXHOCTH (3)

G Kr/M3 BepTVIKaJ'IbHOG nepemMeLlimMBaHne
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PacnpenejieHHue pacCTBOPEHHOI0 KHCJI0POAA
(% Hacpimenus) Ha riiyoune 1200 m
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Pacnpeneisienue gpocparoB (MKMOJIb/J1) HA SO M

Annual phosphate [umol/l] at 50 m. depth.
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PacnpenejieHne KPpeMHEKUCIOTHI (MKMOJIb/J1) HA TJIYOMHE
2000 m

Annual silicate [umol/1] at 2000 m. depth.
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Bottom Oxygen Bottom Silicate
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CpaBHeHMe cpeaHnx no obbemMy xapakTepuUCTUK OKeaHOB

CeBepHas
ATtnaHTtuka + CeB. Yactb
NMapameTpbl Pasnunuun
Ces. Tuxoro
JlepoBUTLIN
Temnepartypa,® 4,95 3,69 +1,3°
ConeHocTb, %o 35,06 34,58 + 0,5 %o
bonblue
Kucnopoa, mn/n 53 2,5 B 2 pasa
KpemMHun, 23 123 MeHbLe
MUKPOMONb/Kr B 5,5 pa3
Pocdop, MeHblle B
1.2 2.6
MUKPOMOSb/Kr B 2 pa3sa
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AUHaMUKA OKeaHa

BO/1HbI B OKeaHe

27



KnaccndumKkaumsa BoaH NO MPOUCXOKAEHUIO

* BETPOBbIE
* TeKTOHUYECKMUE
* NPUINBHbLIE

* Hapuyeckue

* cenweBble

* BHYTPEHHUE

28



TpaekTopuu 4acTHIl B BOJIHE

(a0 (o (a0
. C o
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Knaccndpukauma BosIH NO UX AJINHE

* ONnHHbIE (A/h>2,)— NpuanBHbIE, CENCMUYECKNE,

MX CKOPOCTb ¢ =

roe g — yckopeHue csobogHoro naaeHmsa, h —
rnybuHa mecTa

* KopoTkue (A/h<2) - BeTpoBble, UX ANNHA U
BbICOTA 3aBUCAT OT CKOPOCTU U NPOAO/TIHKNTENBHOCTH
NencTema BeTpa, AJIMHbI NYTU PA3roHa

30



CpenHAA BbICOTA BETPOBbIX BOJH (M)
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MaKcMMaZibHO BO3MOKHble BbICOTbl BOJIH:
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BornHbI-yonnusbl
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BonHbl-ybumnubl B MMpoBom oKeaHe

«Norse Variant» «Anita»
MAPT 1973 e MapT 1973
norwbno: 29 normbno: 32

«Christinakin»
despans 1994
normbno: 28

«Marinadi Equa»
nexabpb 1981
norubno: 20

«Silvia Ossa»
oxktabpb 1976
normbno: 37

«Skipper 1»

«Alborada» «Testarossa» «Rhodain Sailor» «Golden Pine»
vions 1984 Mmapr 1973 nexabpo 1982 sHBapsL 1981
norubno: 30 norvbno: 30 norubno: S norubno: 25
«Arctic Career» «Chandragupta» «Derbyshire» «Dinav»
WIoHb 1985 fHBapL 1978 nexabpb 1980 Aexabps 1980
norvwbno: 28 norvbno; 69 norubno: 44 norvbno; 35

«Tito Campanella»
AHBapsL 1984
norubno: 27

«Sandalion»
HoROpL 1980
norubno: 0

«Artemis»
Aexabpb 1980
norvbno: 0

«Antparos»
AHBapb 1981
normbno:31

«Bolivar Maru»
AHBapb 1969
norubno: 31

«Onomichi Maru»
nekabpb 1980
norubno: 0
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LIITopMOBBIE HATOHBI
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LLITopMmOBOM HaroH - NOAHATME YPOBHS
MOPpS, BbI3BaHHOE nepepacnpeseneHmnem
Macc BoAbl NoA, BO3AENCTBMEM rpagneHTa
aTMochepHOro AaBNEHUA U HANPAKEHUA

8 BeTpa

"‘7!4 = |:|aFOH YCU/INBAETCS B YCTbAX PEK, NoA
= #& [leiCTBMEM NPUINBOB, MPU HANOXKEHNN

——

- & ¢ J cToAYen BONHbI, NageHnm atmochepHoro

N 35
AaBi1eHnA



HaroH B BeHeuLnwu
Hoabpb 2019 .




HaroH 24.07.2010 B lNleyopckom mope




LlyHamun B MMpoBOMm OKeaHe

CEMCMWYECKWNE BYNNTKAHWYECKWE

HauanpHOe nmoausTue

IIOBECPXHOCTHU OKCaHa . o HauvanpHoe mogusitue
/’//k/k 5 0/0 b |1 TIOBCPXHOCTH OKeaHa
OcTarouHble CMENIEHNS JHA /‘\
/—/ﬂ/_,/( H3BepiKeHHE MOIBOIHOTO
P ByJIKAHA
DIHIEHTD aFHOM 4_

3EMIJICTPACCHUA *

METEOPOJIOI'MYECKUE

M3meneHne atMoc()epHOTO TaBICHUS

OlOJIBHEBBIE
6% 3% :
Bo3mylienue noBepXHOCTH OKeaHa

\_/,/\_/_/f beicTpo nBmKymmiics rpo3oBoit GpoHT

T[ToBOHBIH OTION3EH AHOMaIA ypOBHA MODA /\/
S e MYTBEBOH MOTOK p

Ocago4uHbli clIon &

. OnuueHTp
3eMIICTPSCEHHS

PA3/INYHbIE MEXAHW3Mbl BO3BYXRAOEHNA BO/TH LYHAMW 38




Cencmmnyeckme uyHamm

BbicoTa - 0,1- 35 m, aonimHa — 20 — 600 Km
nepmnoan—0,03—-3,3 4

B MecTe 3apoxkaeHna h <2 m
MaKCMMyMa BO/IHA aocTturaet y bepera

CKOpOCﬂbBOHHH,KMﬁI
(OpUEHTUPOBOYHO)
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LlyHamun B MUpoBOM OKeaHe

Yucno MecTa BO3HUKHOBEeHUS MNoa
XepTB

230 000 NHonnckum okeaH (MHooHesns, NHaus, 2004
Lpu-Jlanka, Tannang, Comanu, n gp.)

100 000 | JlnccaboHckoe 3eMneTpsiCEHUE: 1755
MopTtyranua n Mapokko

100 000 | ABa, AnoHusa 1703

70 000 MeccuHcknn nponue, Utanus 1908

NCTOYHUKM

LyHamu




LlyHamu B AnoHuu 11 mapTa 2011 r.

Bonee 18 TbiC. nOrMOLWINX U
nponasLunx 6e3 BeCcTun

Yuwepb — bonee 200 mnpa.gonn.

Tsunami Travel Times




[lonnnBbl B OKeaHaXx 1 MopAx

[lpunue —
nepuognyeckme konebaHma ypoBHs Boabl Y
beperos (Bo/siHbI), 06yc/10BNAEHHbIE
B3anmoaeunctamem B cucteme 3emna-J/lyHa-ConHue

42



* [TPUANBHbBIN YPOBEHb —
onpepenaeTca

PAaBHOAEUCTBYIOLLLEN ABYX
CUAN:
- Cunoun nputaKeHusa K JlyHe

- LeHTpobexxHOoMN cunon
BpalleHMNAa cCUCTemMbl 3eMs
JlyHa BOKpyr obLero ueHT
macc (OH HaxoauTcA

- BHYTPM 3emnun Ha
paccTtoAaHnmn 0,73 ee paany
OT UeHTpa 3emnu banke K
JlyHe)
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PeanbHasa cxema CyTOYHbIX KONebaHnU

YPOBHSA BOAbl Y bepera B nepuo, NpnanBea

I1B I1B I1B

CyTOYHOE HEpPaBEHCTBO N3

MB MB
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[TpMYMHbI HEPABEHCTBA YPOBHEN BOAbI B MEPMOL,
[MonHon n Manoun Boapbl

* CYTOYHOE U3MEHEHUNE - HAK/TOHOM 3eMHOU OCU K
NMAOCKOCTU SKNTUNTUKHA

* NOJIYyMecAYHOEe U3MeHeHue - BpawleHume JlyHbl u
BAanAHue ConHua

* exemecAYHble U3MEHEHUA - BpaweHue JIyHbl BOKPYT
3emnun no anannconaHom opbute
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Tnnbl cmelaHHbIX MPUANBOB

* CU3UIUSA - YBEANYEHUE OTKNOHEHUN
YPOBHA BCNEACTBUE CNOKEHMUSA
npuanBoobpasytoLlmnx cun (B
HOBOJIYHME U MONHONYHUE)

* KBaAdpaTtypa —ymeHblleHne
OTK/IOHEHUM YPOBHA BCNAeACTBUE
BbIHUTAHUNA 3TUX CUJ

=y

SPRING P
® - ~. ©
| NEAP | . N

The Gate™

Anirmation £ James lrwin O



Tunusauma NPUANBOB MO XapaKTePY USMEHEHUS

VPOBHH

* NPAaBUNbHbIN MOJYCYTOYHbIN
* CMEeWQaHHbIU:

HEenpPaBUAbHbIN NOAYCYTOYHbIN

HenpPaBW/IbHbIN CYTOYHbIU

* NPaBU/IbHbIA CYTOYHbIN

Time (days)
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BennynHa npuavea B pas/iNYHbIX
NPUPOAHDbIX YCIOBUAX

BennumnHa PermvoH
npunnea, M
18 CeBepHas AMepuKa,
3anuB GaHaun
10-12 [laTaroHus,
badpdpunHoBa 3emns,
3anmB ANACKa,
Kambenckmnn 3anuvB
NHAMWCKOro oKkeaHa
13 [eHXunHckas ryba
OX0TCKOro Mops
10 Me3eHCKUM 3anmB

benoro mops

3a71mB GaHau



XapaKTep NpUanBoB

CuHUM — TPaBUIIbHBIN CYTOYHBIN
3eIEeHbIN —HETPABUIbHBIN CyTOYHBIN
JKenTeiil — HENPAaBUIIBHBIN MOJIY Cy TOUHBIN
KpacHblli — IpaBUIIbHBIN IOy CYTOYHbBIN
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http://www.aviso.oceanobs.com/index.php?eID=tx_cms_showpic&file=uploads/pics/comp_marees.gif&width=800m&height=600m&bodyTag=<body style%3D"margin:0; background:#fff;">&wrap=<a href%3D"javascript:close();"> | </a>&md5=ea2894adbe720dc51ee15d6b21d80b56

MopcKkue TedyeHUA
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MopcKoe TeyeHue — NpoaomKNTeNbLHOE
nepemMelleHne dornblnx o0beMOB BObI B
ropu3oHTanbHOM HanpaBneHun nog JENCTBUEM
Pa3MNYHbIX BbIHYXXOAOLLMNX CUST

Cunbl, BAMAKOLWME Ha BOSHUKHOBEHMNE TeYEHUM:

* CW/a TPEHMA Ha rpaHuLe pasaena Bo3ayx-8oaa M Boga-AHO
° CUNa TAXKECTU

°* CuNa AaB/ieHUn

* cuna Kopuonuca

bonbLasa YyacTb NOCTOAHHbLIX TEYEHUN B OKeaHe — 3a cYeT
rpagueHToB NMIOTHOCTU BOAbI, OHU POPMUPYIOT pasnnyns B
nasrneHunn ctonbda soabl
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[eocTpodunyeckme Te4eHmna — TeveHuna npum
Hannymm cmnbl Kopmnonuca

Ceuerune notoka B CeBepHOM * BO3HUKAOT NPU HaANMU4YUN rPaNEHTOB
nonyLwapun, KOTopbI UAET “B OaBrneHuns (3a cHeT pasHou
HepTex MNNOTHOCTW U HAarOHOB BETPOBbIX

TEYEHMIN) NMPU y4acTuUn CuUnbol
Kopunonuca

T ) ) [ %0 0
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YnpouweHHana cxema OCHOBHbIX Te4eHWU Ha
noBepxHOCTM MupoBOro okeaHa
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CnyTHuKOBas KapTa I oibpcTprMa B mojie TeMIeparypbl

PeanbHble TeUeHUA B OKeaHe
UMEeIOT BUXPEBYIO

CTPYKTYpPY, pasmepbl
BUXpei

100 - 300 Km.

OTpBIB BUXpEU




NATL60 (bapHbe, 2019)

Buxpepaspewarwas mogenb 1/60°

0.8 kmto 1.6 km

horizontal grid : 1/60° (Ax

=1m to 30 m)

vertical grid : 300 levels (Az

size of the problem : 5.7 billion grid-points
integration period : 5 years (2004-2008)
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NMpupogHblie KonedbaHna B cucreme
oKeaH-aTMocdepa
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Posib oKeaHa B KOJ1ebaHusXx
KAMMaTa: npuMmepbl

Orb-HNUHBO N MYCCOHbI = BO3HUKHOBEHME L e
KOHTPONMPYETCS aHOManMsamMm TeEMNepaTyp bie-——22s
NOBEPXHOCTN BOAbI (a cregoBaTtenbHo, NX ,
BNUAHMEM Ha nUcnapeHue) B Tponmnveckown "El Nifno"
yacTtu Tuxoro okeaHa (MecslLibl, CE30HbI) iicradiens betcon ¥ o aimaspcre

and the ocean

normal weather situation

¢ Atmospheric
Circulation

™ 27 ' Increased
T TN "y Convection

SOUTH AMERICA|

EQUator seeseede . " - Az

Australia

~ /\ A A / AN* %
; R 4

PRenglaveyenPancuen h(ngxpab.:nm TEIRAING

120°E 80°W ) 2 srce wrpeaare (o
Sea-surface temperatures . masaby 31048
I I b = o shangs batesn wid

08 WA AR
Cocler than normal Warmer than normal

o the bxk of rutrest -nch upwelling wate
fh popuiktions migrate 1o othey rega



Posib OkeaHa B kosiebaHUAX KMMaTa o e o
— npobnema macwuTtaboB: npuMepbl A TN
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Posib OKeaHa B KOJiebaHuAX KiMMaTa

— npobnema macwuTtaboB: npuMepbl

(pecaTnnerusn)

ATnaHTHU4YecKaa MynbTUAeKaaHaa ocuUANALUA —
aHOMa/AMA TemnepaTtypbl BO3gyxa B
aTNIaHTU4YecKom cekTope CeBepHOro nonywapums

Atlantic Multidecadal Oscillation (°C)
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Ponb okeaHa B KosiebaHusAX KnMMaTa

[mobanbHaa mexokeaHcKkad LUUPKYNAUNA -
aHoManum TemnepaTypbl NOBEPXHOCTH
BoAbl B ATNAaHTUKe 1 TMXOM OKeaHe
(oecaTuneTuns, CToneTus)
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Y. Bpokkep (1931-2019)
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CeBepHast ATnaHTuKa:

v'MepuanoHanbHoe NpocTupaHne 1 OTHOCUTENbHAas Y30CTb MO LLUMPOTE
v'CB0OOOHbIN BOAOOOMEH C ApKTUYECKMM BaccenHoM

v'Hanunuyne CpeansemHoro mopsi — 6accenHa ncnapeHums

v OT1cyTcTBME oporpadudeckmx 6apbepoB ANs BO3AYLLHbIX Macc y 3anagHoro
bepera B yMEPEHHbIX LUMPOTaX

banaHc menna nosepxHocmu BoOHbIlU 6banaHc
CesepHas AmnaHmuka -17Bm (10" Bm)  -0,4 Ce (1C8=10%m3/c)
Ces. yacmb Tuxo20 oKeaHa + 0.5TIBm +0,5 C8

»ATnaHTuka Tensnee u cornoHee, YeMm TUXMN OKeaH, MPUYEM POSb CONMEHOCTU

Ba)kHee, OTCloAa CpeaHsisi MNOTHOCTb B ATNaHTUKE Bbille, YeM B TUXOM OKeaHe.

»Uem Gornblue cpeaHsast NIOTHOCTb CToNba BoAbl, TEM HMXKE DyAEeT NosfioKeHne
YPOBHS
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Pa3HOCTb YpOBHSA NOBEPXHOCTN OKEaHOB

Habnogaemas Tonorpadus no AaHHbIM
CMYTHUKOBbLIX HabnoaeHWN

P EE——— ] No Valid Data
120 -30 -40 0 40 &0

Ocean Dynamic Topography (cm) Oct 3-12, 1992

B Txom nnoTHOCTb HMXE MU3-3a MEHbLLEWN CONMEHOCTU, a 3HAYUT, ypOBEHb BbliLLE!
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Pa3sHOCTb YpOBHA NOBEPXHOCTU
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ABuXKyuwimeca Ha cesep B

ATnaHTUYECKOM OKeaHe Ten/ble BoAbl

KOMMEHCUPYIOT OTTOK XOJ1I04HOMU
rnybuHHOM BOAHON Maccbl U

dopmMuUpYIOT AONONHUTENbHDbIA NOTOK

Tenna B CeBepHoe noaywapue,

I'IpVIBO,qFlLIJ,VIVI K CMANNYeHNI0 K1InMmaTta

EBponbl

AHomanuu Temnepartypbl Bo3gyxa OTHOCUTENbHO
cpeaHe3oHanbHbIX (Rahmstorf, 2000)
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YcTonuyuBaga paborta
«rnobanbHOro KoHBenepa»
MOXeT AaBaTb CGOVI, Korga B dopmupoBaHue rnybuHHbLIX BOA
obrnacTtun obpasoBaHuA
rmyonHHbiX Boa B CeBepHOMU
ATnaHTuKe NJSIOTHOCTbL BOA Ha
NOBEPXHOCTU YMEHbLUAETCS:

» YMeHblUeHUue ucnapeHus
3a cyeT ocrnabneHus BeTpa,

» pacnpecHeHue 3a cyeT
TasgHuAa peHNnaHACKoOro wura
UNun AOoNosfIHUTeNIbHOro
BbIHOCa MOPCKOro nbaa us
ApPKTUKHN
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LUupkynauua Boa CeBepHoOU ATNaHTUKU
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HeTt «hobanbHOro KoHBemnepa»

s .‘ L”Irm’."ge"" o Faroe-Shetland
i Basin S

g’ ' Al

North Atlan tic Current

4 6 2
Temperature (deg C)




ATnaHTuyeckaa mepunauoHanbHaa uupkynauma (AMLU) m
TemMmnepaTtypa noBepxHocTu okeaHa (TIO)

MO AMU
= 15
£ ,f
£ 3ff
a 4t
BRRET
- 18 ; NHTeHcnBHee AML] —
g al Tennee CeepHas
- 1 ATnaHTuka
5
g = 1L
~d E .| n HaobopoT
£ —
4r THE DAY AFTER
5 TOMORROW
! — 1k T
18,
2 3f
S 4
5l
30S

— |
-0.3-02-0,1 0 0.1 0.2 03 -0.6-0.4-02 0 0.2 0.4 0.6

Temperature Anomaly (°C) Streamfunction Anomaly (Sv)




Atmospheric
mole fraction (10-'2)
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Bo3paCT BOAHbLIX MacCcC nNo paauoyrnepoany
Gebbie, Huybers, 2012
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FIG. 8. Latitude—depth sections of mean age: (top) the Atlantic
averaged between 60°W and 10°E, (middle) the Indian Ocean be-
tween 40° and 80°E. and (bottom) the Pacific between the date line
and 110°W. The contour interval is 100 years in all panels.



3akpbiTne NMaHamcKoro nepewenkKa 3 MAH. NeT Ha3ag —
BO3HMKHOBEHMUE KOHBeMnepa

(a) Surfacetemperatur e change,Closed Seaway - Open Seaway (K

“ WO e E o

100w o 00

3meHeHns TemnepaTtypbl NOcre BO3HNKHOBEHUS NepeLlerka
(Lunt et al., 2007)
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60% npupocTta saHeprumn

O KEAH KIMMATUYECKOM CUCTEMDI nocneaHunx

(C) Change in gIobaI average upper ocean heat content40 net genoHupyeTcA B BerHMM C/101
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I Sea-level rise more than doubled over the last three decades
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Observed warming is driven by emissions from human activities, with
greenhouse gas warming partly masked by aerosol cooling

Observed warming Contributions to warming based on two complementary approaches
a) Observed warming b) Aggregated contributions to c) Contributions to 2010-2019
2010-2019 relative to 2010-2019 warming relative to warming relative to 1850-1%00,
1850-1900 1850-1900, assessed from assessed from radiative
*C attribution studies *C forcing studies “C I PC C I 2 02 1
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changes in changes in

non-CO; greenhouse gases anthropogenic aerosols

B 2001 - 2020 rr. rnobanbHas Temnepatypa 6bina Bobiwe Ha 1,09°C no cpaBHeHMO ¢ 1850 -
1900 rr. MNMpwn 3Tom, no oueHkaMm, okosio 1,07°C pocTa TemnepaTypbl BbiI3BaHO
aHTponoreHHbIM GakTOPOM (OCHOBHOM 13 KOTOPbIX — POCT BbIBPOCOB NAaPHUKOBbLIX
rasos), a 0,02°C pocTta NpUXoANTCA Ha ecTeCcTBEHHble GaKTopPbl.



30HanbHO ocpeaHeHHble TpeHAbl B BepxHux 2000 m B MupoBom okeaHe

(2000 r. otHocuTenbHO 1950 r)

CorneHocTb [MnoTHOCTL Temnepatypa

2000
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Figure 3.1: a) Areal mesn warming rates (C per decads) versus depth (thick lnes) with 5 to 25% confSdence limits
(shading), both global {oranze) and south of the Sub-Antarctic Front (purple), centred oo 1992-2005. b) Mesn wamming
Tates (MC per decade) below 4000 m {colorhar) estimated for deep ocean basins (thin black outlines), centred om 1992—
2005, Stppled basin warming rates are not significantly different from zeto at 95% confidence The positions of the
Sub-Antarctic Front (purpls line) and the repeat ocesnographic mansscts fSom which thess wanming rates are estimated
(thick black lines) also shown. Dhata from Purkey and Jobnson (20100
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IPCC, 2013



YMeHbLlUeHUue Mmacchbl nbaa v yBeJimnyeHne ypoBHA OKeaHa
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BeHeuus: ctyneHu uepkeu MoaHHa v NaBna

KaptnHa b.benotTo (1741)

Lo

o y 4y
SOE VSN 2002 )

il
?. ‘ | ‘ e T .

!

N3meHeHuns ypoBHSA 3a 261 rog: 77 £10cm  (Camuffo, Sturaro, 2003) o3



KoHueHTpaumn CO, Ha 'aBasx (kpacH.) n Ha KO>xHOM norntoce (YepH.)
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Future emissions cause future additional warming, with total warming
5 N\O,EI,eJ'I U pyeM bIX dominated by past and future CO, emissions

C l I e H a p M ﬂ a) Future annual emissions of CO, (left) and of a subset of key non-CO; drivers (right), across five illustrative scenarios

Carbon dioxide (GtCO,/yr)
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a) Global surface temperature change relative to 1850-1900
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N3meHeHunA NP1 3a4aHHOM YPOBHE noTenaieHnA

b) Annual mean temperature change (°C) Across wam:ring levels, land areas warm mare than oceans, and the Arctic
relative to 1850-1900 and Antarctica warm more than the tropics.
Simulated change at 1.5 *C global warming Simulated change at 2 *C global warming Simulated change at 4 *C global warming
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c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
relative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the

subtropics and in limited areas of the tropics.

Simulated change at 1.5 *C global warming Simulated change at 2 °C global warming Simulated change at 4 *C global warming
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3ameaneHue ATnaHTU4YeCcKoun
MepuanoHanbHou umpkynauum (AMLU)

The Gulf Stream, a warm current, is expected to weaken but not cease. This slowdown will affect regional weather

and sea level.

Today

The Gulf Stream is part of both the horizontal, subtropical
gyre and the vertical, Atlantic Meridional Overturning
Circulation (AMOC)

AMOC - w
- Close to the poles,
‘ water cools, becomes heavier
and sinks to the bottom
g

‘Warm surface current

driven by winds and 2
replenishing sinking Water and
heat transferred
from the tropics to
GULF northern latitudes

The cold deep water
is exported southward

5.3, Figure 1 | Horizontal (gyre) and vertical (Atlantic Meridional Overturning Circulation, AMOC) circulations in the Atlantic today

In a warmer world

Climate change weakens the AMOC, which slows
the Gulf Stream down

Weakened
AMOC > n

=z

Much less

I'Téat and water
are transferred

Water has become fresher and
lighter and therefore sinks less

The Gulf Stream
weakens but the
portion pushed by
winds remains

and in a warmer world (right). The Gulf Stream is a warm current composed of both circulations.



3ameaneHue ATnaHTU4YecKoun
MepuanoHanbHou umpkynauum (AML)

@ 40 (a) Low emissions scenario 40 (b) High emissions scenario T e
“E historical RCP2.6 historical RCP8.5 i iy e
© 301 30
z

= 20 20 '

2

% 10 10 ; -

&)

2

= 0 0

1850 1900 1950 2000 2050 2100 1850 1900 1950 2000 2050 2100
Atlantic Mendional Overturning Circulation (AMOC) changes at 26°N as sumulated by 27 models

Climate Change 2021
The Physical Science Basis

Multi-model mean AMOC anomaly at 35.0N, 1000m in CMIP5 and CMIP6 ensembles

CMIP6 SSP2-4.5
CMIP6 SSP3-7.0 |
CMIP6 SSP5-8.5

[—— CMIPS. historical === CMIP6 historical
-101{ == CMIPS5 RCP4.5 w— CMIP6 SSP1-1.9
~Ja{—r CMIPS RCP8.5 s CMIP6 SSP1-2.6

L 1850 1900 1950 2000 2050 2100




BpH ()

d)

A0, (%)

g)

3

AND._ (%)

XUMMA okeaHa

0119
Ph
0.1
02
03
044 ==RCPB5
—— RCPZ 6
05-
1900 1850 2000 2050 2100
Years
1 -
O, 100-600 m
0
-1
-2
.34
-4
5| ==RCP8S
5 — RCP2Z 6
1900 1850 2000 2150 2100
Years
4
' NOj 0-100m
-4 4
-8
-12
16 | == RCP8.5
w— RCP26
=20
1900 1950 2000 250
Years

05 04 03.02.04 0 0

EEENTT T T T T e —_—_—_—
8 16 24 32

40 32 -24

-16 -8 0

ApH ()

1 02 03 04

A0, (mmol m?)

1 R
AND, (mmaol

2
me

0.5

The Ocean and Cryosphere
in a Changing Climate
Thes Summary for Policymakers was formally approved at the Second Jomt Session

of Working Groups | and i of the IPCC and accepted by the 51th Session of the IPCC,
Principality of Monaco, 24th September 2019

Summary for Policymakers

YEAR

YEAR
2100

Koppo3usa n pactBopeHue
KapOoHaTOB Ha NOBEPXHOCTHU
oKeaHa



c) Global ocean surface pH (a measure of acidity)
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ObecuBeuynBaHMeE KOPaI1oB

Carbon dioxide and heat are both absorbed by the ocean as
greenhouse gas levels increase. When carbon dioxide is dissolved in
the ocean, the water becomes more acidic. This makes it harder for
corals and some other marine life to grow shells and protect
themselves. Marine heat waves are complicating the matter by
making it too warm for many corals to survive. Satellites are
providing important data to scientists measuring such changes in
ocean environments.

When corals are stressed from changes in their environment, they
turn white, or "bleach." Sometimes the coral is able to recover, but
other times the bleaching event leads to its death. This image
shows the decay of a healthy coral reef to a reef between 2014 and
2015 in the National Marine Sanctuary of American Samoa.

Credit: NOAA/ XL Catlin Seaview Survey

o
CORAL REEFS + 2 C

EVERY FRACTION OF o lreefs will ish % lof I recta will ieh
A DEGREE MATTERS 70 to 90%  of coral reefs will vanis 99% of coral reefs will vanisl|

Motennenue Ha 1,5°C yrpoxaeT yHnuToKUTb 0T 70 A0 90 NnpoueHTOB
KOpannoBbix pudoBs, a NoBbieHMe TemnepaTypbl Ha 2°C 03Ha4vaeT
noytn 100-npouUEHTHYIO NOTEPIO
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