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CopepxaHue
e [loyeMy BaXXHbI USMEHEHUS KnnmaTa B APKTUKE?
e YTO Takoe «ObICTpble UBMEHEHUS KNUMaTa B APKTUKE» ?
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Mopckoun nen
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NMoyeMy nccnepoBaHMA U3MEHEHUS KnumaTta B ApPKTUKe
ABNAIOTCA Ba)XHOW OTAESIbHOM Npoobremonm B Hayke O
Knumare?

1. Knumatunyeckne npoueccbl B ApKTUKe OKasblBalOT CYyLLECTBEHHOE
BNUAHME Ha knumaT CeBepHOro nosywapug

2. Knumatndeckne npoueccbl B ApPKTUKE BO 3HA4YUTENbHOM CTeneHu
dOpPMUPYIOT PEXNUM aTMOCHEPHON UMPKYNALMM M norogy B cpegHux
lwnpotax CesepHoro nonywapua («ApKTUKa — KyXHSI norogbli»)

3. NameHeHus knumata B ApKTUKE NPOSIBMSIOTCS 3HAYMTENbHO CUNbHEE,
yeM B CcpegHeM MO NnaHeTe  («apKTUYEcKoe  YCUreHue»)

ApKTI/IKa - ‘-IyBCTBI/ITe.I'IbeII7I MHONKATOP rmobanbHbIX WN3MEHEHUN
KrinMmaTta
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U3MeHeHMA KnMmaTta Kak cynepno3vuuusa aHTPONoOreHHoro TpeHaa
M eCTeCTBEHHbIX KonedbaHmm Kknumara
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ATnaHTnyeckas mynermgekagHas ocunnnaums (AMO):
npuYnHa OONronepmoaHbIX KBa3nLUMKINYecknx konebaHum knumara

_ o _ Meridional cross-section of oceanic circulation
AMO index: detrended SST variations in the NA, °C
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LLInpoTHasa cTpyKkTypa aHOMarbHbIX MOTOKOB Tensa U3 okeaHa B
aTmocdepy, cssaHHbIX ¢ AMO

Zonally averaged turbulent heating
in the Atlantic Sector (80W-90E) associated with the AMV
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MopgenupoBaHue sBo3daenctemua AMO Ha rmobarnbHbIn Knumart

Q 0bs.(GISS) trend 1978-2007 0.45(0.68)

= ko

120W

60w 0 60E

120

60N 1=,
30N+
£0
3051

605 4

d  NA+ARCTIC 0.24(0.39)

B} &

b IPCC models trend 1978-2007 0.59(0.70)

120€ 180

50 0 B0E 120W

BON1*=.

30N

EQ

305 1

605

C COUPLED GCM

0.18(0.39)

Semenov et al., 2010,
Journal of Climate



XIl Cubupckoe coBelljaHue U WKona MonoabIiX y4eHbIx , ToMck, 17-20 oktabpsa 2017 r.

N3meHeHna npusemHon TemnepaTypbl, cBA3aHHble ¢ AMO (B °C B % ot
Habnogaemoro TpeHaa) ana CI1, KON v gna nnaHetsl B UENOM MO
pesynsrartam akcnepnumeHToB ¢ mogenosto ECHAMS/MLO

CII TOI1 IJIOb

Atmt+Apk | 0.39 57%) | 0.08 (36%) | 0.24 (53%)

Atn 0.17 (25%) | 0.04 (18%) | 0.10 (22%)
Apk 0.24 (35%) | 0.06 (27%) | 0.15 (33%)
Ha6bn.* |0.68 0.22 0.45

* Tpenp B 1978-2007 rr., aaHHble GISS

YdyeT notokoB, cBfAAi3aHHbIX ¢ AMO B ApKTUKe yaBauBaeT Benu4iumHy Bkrnaga AMO B
U3MeHeHus1 TemnepaTtypbl CeBepHoro nonywapus B nocnegHue 30 net
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NU3meHeHUA cpegHerogoBow NpM3eMHOM TeMnepaTtypbl K KOHLY 21 BeKa No AaHHbIM
mogeneun IPCC AR4
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Atlantic Multidecadal Oscillation (AMO) Index Reconstruction

CyLL"e CTByI‘OT J-I M (( L'| M Kn bl )) B Ap KTM Ke? Annual North Atlantic 55T Anomaly - Gray et al (2004)
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UameHeHUs uupKynsauumm atmocdepbl, cBsi3aHHble C
norenneHmem B ApKTUKe

N3meHeHns1 Npu3eMHon TemnepaTypbl 3MMOI NPy COKpaLLleHMs NroLwaan Mopckmnx nbaos, °C

Fig. 1 Temperature differences, in °C near the model surface,

between the computation with an ice-free arctic and the compu-

tation with ice at the mean climatological position. Hatched
areas indicate regions of cooling in the ice-free experiment.
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UameHeHUs uupKynsauumm atmocdepbl, cBsi3aHHble C
norenneHmem B ApKTUKe

Wavy polar vortex configuration More typical, compact configuration

January 5, 2014 November 14-16, 2013

500-mb geopotential height (meters)
| |
5000 5900

Cohen et al., 2014, Nature Geoscience

umA UHCTUTYT hmusmnkm atmocdepbl MM. A
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N3ameHeHnsa atmocepHon umpkynauum B Hadane 21 seka

AHOManuu saumMHen Temneparypsbl U gasneHns ans nepunoga 2005-2012 rr.
(0aHHble peaHanusa NCEP )
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Semenov and Latif 2015, ERL

“Barents Anti-cyclone”
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N3ameHeHnsa atMmocepHon unmpkynaumm B Havane 21 Beka

Pe3ynbTaTbl YUCNEHHBIX 3KCNEPUMEHTOB C rnobanbHoOM MoAenbo aTtMocdepb! Npu 3agaHum
aHomManuu nnowaan MOpPCKUX NbAoB aAns nepuoda xonogHoix 3um 2005-2012

3UMHME aHOManun aaBneHud BO34YyXa, rfa

HabnaeHns

Semenov and Latif, 2015; Moxoe, CemeHos, 2016

YpanbCKu ONOKUHI U 3MMHUE MOpPO3bl MOryT ObITb pe3ynbLTaToM
COKpalleHus nnowaanm MopcKux nbaoB B bapeHueBoM Mope
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N3ameHeHnsa atMmocepHon unmpkynaumm B Havane 21 Beka
MexaHn3m HeNMMHENHOro OTKIMKa

B3aumogencteue
KOHBEKUUN U
TEepPMUYECKOro BeTpa
NpUBOOUT K
NoxonoaaHuo Hag
KOHTUHEHTOM Mpwn
noTtenneHnn Haa

bapeHueBbIM MopeMm

\

Cesep Or

Petoukhov and Semenov, 2010; Moxoe, CemeHo8, 2016
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ApKTUKa SIBMSIETCS aKTUBHbIM KOMMOHEHTOM 3€MHOW KNMMaTUYeCKOW CUCTEMBI.
N3meHeHns Temnepatypbl B ApKTUKe, onpedenss nepenag TemnepaTyp
9KBATOP-MOJIKOC, BNUSAS Ha MEXLWUPOTHbLIN MNepeHoc Tenna W rnodanbHyo
Temneparypy.

AHOMarbHbIN Harpes aTMocdepbl APKTUKM MPUBOAUT K U3SMEHEHWUIO LIMPKYNALUUK
aTmocdepbl BbICOKMX M cpegHux wmpoT Cl1, B ToM uyucne cybnonspHoro
CTPYMHOIrO TEeYEeHMd, TMNONApPHOro BUXPA B cTpatocdepe, BUAA Ha
dopMUpoBaHME MOroAHbIX aHOManum B cpeaHux wmpotax CrT.

OTKNMK atMocepPHON LMPKYNAUMX Ha noTensieHne B APKTUKE U COKpalleHue
nnowagn MOpCcKuxX nbaoB HENMMMHEEH!
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ApKTVI‘-IeCKoe ycuneHue rnmo6anbHOro norenneHus

30HarnbHble aHoManun cpeaHerogoson rnpusemHon temnepartypol B Cl1, °C
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U3meHeHUA rmobanbLHON N apKTM4ecKon cpeaHeroqoBoun TeMmnepartypbl
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BepTukanbHasa CTpykTypa nsMeHeHUn TemnepaTtypbl atTMocdepb!

TpeHa cpegHerogoson Temnepartypbl B 1978-2007 (°C), naHHble NCEP
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AHOManuun cpegHerogoBon TemnepaTtypbl B ApKTuke no gaHHbIM GISS um
pasnuyHbIX peaHanunsos gna 20 Beka, °C
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KnumaTtudeckue TpeHAbl MpU3eMHON Temnepatypbl B ApKTUKe B 2-3 pasa
bonbLue, Yem Ans rnobanbHOM TeMnepaTypbl — apKTUYECKOE YCUITEHME.,

[MprymMHa apKTUYEeCcKoro ycuneHmns — B ocobeHHoctax otknmnka 3KC Ha BHeLUHee
pagnauuoHHOE BO3OENCTBUE, pside MONOXUTENbHBLIX OOpaTHbIX CBSA3EN B
apKTUYEeCKOMU  KNMMaTM4yeckoM Ccucteme, B  WMHTEHCUMBHOW  BHYTPEHHEN
N3MEHYMBOCTU B APKTUKE.

CoBpeMeHHOE TroTenfieHMe B BbICOKMX  LWIMpOTax Hauboree  CUIbHO
NPOABIIAETCA Y MOBEPXHOCTU U B HMXKHEN Tponocdepe.

CylwecTByeT 3HauuTelibHas HeornpeneneHHOCTb B OUEHKax  9Bosounu
npu3eMHON TemnepaTtypbl B ApKTHKe B nepBoun nonosuHe 20 Beka.
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KoHueHTpauua mopckux negos B 1983 1. n B 2012 1. N0 CNyTHUKOBLIM AA@HHbLIM

SMI.SSMES Fassve Mctowave Dma

Sea Ko Concenirations fram SMMRL and SSMA-SSMIE Pecsan Micaomave Data 568 (e Concentramies Moee SNNR and SSMAL.SSHIS Pessve Micromave Data Sea e Concamracsans fram SHMMA ana S5M)
uma, “u ¢u£ gEiEE:;: m. - R —
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XIl Cubumpckoe coBeljaHme U LWKOSa MOMOAbIX Y4EHbIX

[Tnowagb MOPCKUX NbA0B: MUHUMAarbHble 3HadeHus B 2007 n 2012 r.
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AHOoManus pacnpocTtpaHeHna noaa (%) oTHOCUTENBLHO CpedHEro 3a nepuoa
1979-2000 rr. B MapTe u B ceHTs0pe No AaHHbIM CNYTHUKOBLIX HabMogeHUN

(MBaHoB u gp. 2013)
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Mopckou neg B bapeHueBomMm Mope

[1onst NOBEpXHOCTN MOPSA C MOPCKMMU Nbaamm 3nmomn (%)
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TonwmHa MopcKoro nbga B ApKTuKe

(c) cpom/esa

Ice Thickness (m)
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TonwmHa MopcKoro noaa B ApKTUKe: TpeHabl

Average Ice Thickness
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Mopckon nen B mogenax CMIPS: nnowanab MOPCKMX NbaoB S B APKTUKE

CueHapumn RCP8.5
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Mopckon nen B mogenax CMIPS: nnowanab MOPCKMX NbaoB S B APKTUKE

September Arctic sea ice area in CMIP5 models (RCP8.5), km?
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OT vyero 3aBUCAT napaMeTpbl MOPCKOTIO JibAa B KITMMaTU4e€eCKNX MO,EI,eJ'IFlX?

- GEOPHYSICAL RESEARCH LETTERS, VOL. 34, L10501, doi:10.1029/2007GL029914, 2007
ic
ere

for
Full
Article

On the reliability of simulated Arctic sea ice in global climate models

I. Eisenman,' N. Untersteiner,” and J. S. Wettlaufer®
Received 8 March 2007; accepted 17 April 2007; published 18 May 2007.

3aBUCYMOCTb CPEeHEro0BOM TOMWMHbI
Pa36poc rogoBoro xoda OGMayHOCTM W MpUXoAsiLLet nbaa ot DLWR v anebbeno

AnnHHoBosTHoBou paanaunn DLWR B mogenax CMIP3 .
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Figure 3. Equilibrium ice thickness in the idealized
analytical model (equation 3) as a function of absorbed
radiation for the range of downwelling longwave radiative
fluxes predicted by GCMs (AF ) and varying ice albedo (o).
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Ce30HHOCTb U3amMeHeHumn NMJ1 Ha pa3nnyHbIX BpEMEHHbIX MacluTabax

N3ameHeHuna [IMJT B pasnuyHble Ce30HbI N3meHeHus MNMIJT B xonogHoe n Tennoe nonyrogus
(Mo AaHHbIM HabnaeHUN) (MITH.KM2)  nocne  yganeHus  KIMMaTU4ecKoro
TpeHaa (No AaHHbIM HabnaeHW)
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Ce30HHOCTb U3amMeHeHumn NMJ1 Ha pa3nnyHbIX BpEMEHHbIX MacluTabax
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icTopnyeckme 3aMeHeHust nnoLagm MOPCKUX NbaoB B APKTUKE

1B T T T T T T T
o) Northern Hemisphere, Annual IPCC 2013:
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ApKTu4yeckumn nen Bo BpemMs notensieHna cepeauHol 20 Beka

PernoHanbHble gaHHbIE MO PacnpoOCTPaHEHNIO MOPCKUX NbAOB B AKPTUKE

Alekseev et al. 2009 Polyakov et al. 2003
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Fig. 7 Reconstructed maximum sea ice extent in the Western Nordice
Seas (grey line) versus annual leeland sea level pressure record since
1820 (black line; Jones et al. 1999), Significance level was calculated
taking into account autocorrelation in the timeseries (see “Data and
methods™)
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ApKTUYecKuin nen Bo BpemMs rnotensieHnsa cepeamnHel 20 Beka

Mopckou e n tTemneparypa: mogesrib atMmocdepbl Kak MHCTPYMEHT AMArHOCTUKU

CyuwiecTByeT siIBHOE MpPOTMBOpPEYNE Mexay
U3MEHEHUSAMM T-pbl W MNOWagM MOPCKUX
nbgoa B nepuon nortenneHusa cepeguHbl XX
Beka no gaHHbIM HadISST1

kcnepumeHTbl ¢ MOLLA ¢ ncnonb3oBaHneMm
JaHHbiX HadlISST1 no3BonsoT OLEHUTb CBA3b
T-pbl C NAowanbio MOPCKUX JNbAOB N OLEHUTb
€e aHoManuio B cepeanHe XX Beka
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ApKTu4eckuin nen Bo BpemMs notensieHna cepeauHel 20 Beka

Mopckown nen n Temnepartypa: MoAaenb atTMocdepbl Kak MIHCTPYMEHT AMarHOCTUKM

PeKOHCTPYKUMS N3BMEHEHWUI NIOLLLIaaN MOPCKUX JbAOB
3MMOW C MCMonb3oBaHMEM MoAenn atmocdepbl U
Habn4eHHbIX TeMNepaTypPHbIX U3MEHEHUN
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[lnowagb pacnpocTpaHeHMa MOPCKUX NbOoB B ApKTUKE — Hauboriee TOYHO
n3mepsaemMbln MHOUKATOP U3MEHEHUN KNnMarTa.

[Mnowaab MOPCKMX NbAOB B ceHTsA0pe cokpaulaetcs Ha 10% B gecATunetve B
nocnegHue 40 net. NMpUMeEpPHO C TaKOW e CKOPOCTbIO YMEHbLUAETCH CpeaHsis
TONLLMHA MOPCKUX NbJOB.

[MpnynHbl pekopaHbix MuHUMyMoB IMIJT B nocnegHee gecatunetue — aHomanmm
aTMOCepHON U OKeaHNYECKOWN LIMPKYNSLnN.

Moaoenwu XapakTepnsyrTcAa 3HaYUTESIbHbIMU owmndbkamn B BOCIpoun3segeHnmn
COBPEMEHHbLIX XapaKTePUCTUK MOPCKNX J1bOOB B ApKTI/IKe.

He dcHa ponb ponronepuogHoM ecTeCTBEHHOW W3MEHYMBOCTWU KrMMmaTa B
COBPEMEHHbIX KnNuMatudecknx TpeHpgax. OTCyTcTBYeT 4eTkad KapTuHa
nameHeHun NMJ1 B nepson nonosuHe XX Beka.

[ToTenneHne cepeaunHbl XX BEKaA COMPOBOXAanocb OoTpuuaterisHOM aHoManuneu
nnoLwagn MOpPCKUX NbgoB CPaBHUMOW C COBPEMEHHbBIM COKpaLLEHNEM.
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KoHuenuusa KnMmmMmaTuyecknx oopaTtHbIX CBA3eU: NapHUKOBbLIN 3 MEKT

Temperature response AT to the forcing AQ

T = GgNQ) no feedback (FB), G, — response function without FB

AT= G,(AQ+ FAT) thereisaFB, F—FB function

AT = % , f: F GO FB coefficient f = 2'f;

I-f
Under CO, doubling
AT,=1°C AT=3°C

Major climate feedbacks ( f;)

(a) AQ AQ
—>@—> 6, |—

o e . Water vapor 0.4 7

—)@—) G AT
I | AT=G,(AQ+FAT) Cloudiness 0.2 :
| F Albedo (snowlice) 0.1

FAT

nmA MHCTMfyT ¢M3KM aTmocQ_uM. Al



Xl Cubumpckoe coBeljaHme U LLIKOMa MonoAabIX y4eHbIx , ToMck, 17-20 oktabpsa 2017 r.

Kakne obpaTHble CBS3N OENCTBYIOT B APKTUKE?

Albedo
6.._
- Lapse rate
l o
R 4 ) Planck
M ; .
= /.{%"’3}/ rJ Water vapour
c QG?’ | \,;o\“
A & Sy & CO2
2 f 0‘§ /./ o
) L ) .
g & 1S /./ & N Atmospheric transport
2 A '. O
fﬁ?‘i‘ DNEREEER R Ocean transport
-2 - f./ 1 2 3 4 5 6
_2\ Tropical warming (K) Cloud
O(/Qibz_:

Pithan and Mauritsen 2014, Nature Geoscience
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OkeaHun4eckum NpUToK B bapeHueBo Mope: rmaBHbIM hakTop dhopMUpoBaHUS
O0NronepmoaHon KNnMMaTu4yeCcKnm N3MeH4YMBOCTU B APKTUKe
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VIV T e graanang TaE

Figuea 7. Aumhdhummmmmmammmmmmm

BSI transports ~2 Sv warm and saline Atlantic water, appr. half of the AW going
to the Arctic Ocean
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OkeaHun4eckum NpUToK B bapeHueBo Mope: rmaBHbIM hakTop dhopMUpoBaHUS
OonronepuoaHOn KIMMaTuyeckum N3MeHYMBOCTU B APKTUKE

Moving window correlations between BSI and Arctic temperature and NAO
in ECHAMS5-MPI-OM model
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OTKNKK atMmocdepHON LIMPKYNSLUM HA YMEHbLUEHUE Nilowaan MOPCKUX
NbaoB B ApKTUKe
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OkeaHun4yecknu nputok B bapeHueBo Mope, YCUNEHHbIN NONOXUTENBHON
obpaTHOW CBA3bI0 MOr ObITb NPUYNHON UHTEHCUBHOIO NOTENNEHUS B
cepeanHe XX Beka B ApKTuke

SLP difference (index of BSI) and Arctic temperature SLP difference and BSI in MPI climate model
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[TonoxutensHaa obpaTHasa cBA3b Mexay nputokom B BM n mopcknm nbgom

Westerly winds

Barents Sea
Oceanic inflow
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Takasa nonoxuTternibHas oopaTHas CBA3b MOXET ObITb MPUYUHOMN
pPe3Kux N3MeHeHUn Knumara

u@n UHcTUTyT cbwéwxu aTtmocdepbl M. A
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Kunbckasa mogens Knmmara: 3KCNepUMEHT C UBMEHEHUEM CONMHEYHOW NOCTOSIHHOMN

(Park et al. 2009, JClim)
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Peskoe npekpalleHune nputoka B bapeHuesom mope

Annual Barents Sea inflow. Sv
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[onoxutenbHasi obpaTHasi cBsA3b NPUTOK-MOPCKOW nef B MoAenu

SLP-BSI (annual) correlation

Sea ice

e

Anmual mean SLP 10-30E 70-80N
1ois I ! I | % i

annual SLP
—— BSI(shafled)
1017 — —

SLP, hita

1016 i\w""“\p “ v,w'\ I' '\vvr\,u"\'\\ﬁ /; /\/.;\fw r.w,

e

B

1013 - -

| . L
3000 4000 S000 G000




Xl Cubumpckoe coBeljaHme U LLIKOMa MonoAabIX y4eHbIx , ToMck, 17-20 oktabpsa 2017 r.

N3meHeHns okeaHN4YeCcKom LMPKYNSUMM NPy NpekpaweHnn nputoka

(b) cold event

L
[a)
3
=
—
<
|
&7 9d),
gl
: '2 ‘i’.lUllll
2000 0 20 0% 60° 2000 o 20 A0°F 80°F
e X — 3
LONGITUDE teme LONGITUDE S
cold event |
(¢) anomaly

LATITUDE
3
|

3100 3200 3300 3400 3500 3600

20°W o° 20% 40t



lll mexxayHapoaHasa Hay4yHas koH¢epeHumsa "OTKPbITAA APKTUKA", MockBa, 22 Hosi6ps 2016 1.

ATnaHTn4eckasi Boga, MOPCKOW nea v ANMHHOBOSTHOBAsA paanauus

First EOF of sea ice concentration (DJF)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

02 Normalized AW  temperature anomaly

s (averaged Kola and Fram Strait sections),

s Normalized DLW anomaly north of 80N for DJF,
EOF1 PC of sea ice concentration.

Alexeev et al., 2017, ERL
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ATnaHTn4eckasi Boga, MOPCKOW nea v ANMHHOBOSTHOBAsA paanauus

First EOF of DLW (DJF)

Regression of DLW EOF1 PC on air T and ¢
(1000-700mb). Vectors are regressions on
sensible and latent heat fluxes
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ATnaHTn4eckasi Boga, MOPCKOW nea v ANMHHOBOSTHOBAsA paanauus

Less sea ice extent

\ Increased temperature

and moisture

+10% thickness

decrease
Increased downward
longwave radiation

Thinner sea ice to
the end of the winter <7

Stronger melt

Alexeev et al., 2017, ERL
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Ha BekoBbIX BPEMEHHbIX MaclUTabax apKTUYEeCKOe YCUNEeHne CBSA3aHO C PSAoM
paanaLNoHHbIX MOMOXUTENbHbBIX 0OPaTHbLIX CBA3EN.

Ha pekagHoM n mexaekagHowm BPEMEHHOM Maclutabe ycuneHune KonebaHum
KiinMaTa B ApKTVIKe CBA3aHO T[T1aBHbIM 06pa30M C AUWHaMnN4eCKnmMun
NOJTIOXKNTESIbHBIMUA O6paTHbIMVI CBA3AMMN.

BaxHyto ponb urparT npoueccbl B pernoHe bapeHueBa Mops BcrieacTeue
Bapuaumin nputoka atnaHTUYecKoM BoAbl U pada MONOXUTENbHBLIX OBpaTHbLIX
CcBA3eNn.
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Cnacunoo!
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Global average temperature anomaly
merornce (1890 - October 2015)
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Seasonality of Arctic temperature changes
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Barents Sea inflow: KCM solar simulation

Annual Barents Sea inflow. Sv
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KCM solar: ice cover in the western Barents Sea

Annual sea 1ce fraction, 15-35E.70-80N
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KCM solar: temperature response

ECHAM SAT: “cold”- “real mean”

Annual SAT anomaly 10-60E 65-80N (detrended) KCM SAT: “cold”- mean
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BSI shutdown: stochastic resonance?

Annual Barents Sea inflow, Sv
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Stochastic model for the BSI transitions

model model (tanh)
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Holocene rapid climate changes

April sea ice extent in the Barents Sea, 1850-2001
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Fig. 7. Mean April ice extent: 1850-1899. 1900-1949 and
1950-2001,
Voronina et al. 2001
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OkeaHun4eckum NpUToK B bapeHueBo Mope: rmaBHbIM hakTop dhopMUpoBaHUS

O0NronepmoaHon KNnMMaTu4yeCcKnm N3MeH4YMBOCTU B APKTUKe

ECHAMS/MPI-OM1 control: Arctic SAT
Nov-Apr, 11 yrs running means
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ApPKTUYECKOMN ycureHme rnobaribHOoro noTenneHns

Annual J-D 2001-2010 L-OTI(°C) Anomaly vs 1991-2000
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