O nocraHoBKe 321a4U MOJAEJIMPOBAHUSA

KPYITHOMACIITAOHOI0 COCTOSIHUS BO/I U

MOpCKOro Jbaa CesepHoro JlexoBuToro
OKeaHa

Axosaes H.I., I'oayoesa E.H., IL.iatos I'.A.

NHCTUTYT BbluncnutenbHon matematukm PAH, MHcTuTyT okeaHonorum PAH
NHCTUTYT BbIYMCNIUTENBHON MaTeEMaTUKN N MaTeMaTUYECKON reopusnku
CO PAH



3agadya DTOKJIaTUNKOB:

ITokazarp, 4TO YMCICHHOE MOoJiennpoBanue CeBEpHOIo
JIeqOBUTOr0 OKEaHa OCTAETCS B 3HAUYUTEIIbHOM MEPE
3aJla4eil (PU3NYECKOM, a HE TOJBKO 3aa4yei
BBIYMCIIUTEIILHON MaT€MaTHKKU WJIM IPOrPaAaMMUPOBAHUSI.

Skoernes H.I'., [onybesa E.H.,
[Tnamos [.A.



«IloasipHoe ycuiieHHue»

2 x CO7 - 1 x CO» Annual Screen Temperature (°C)

Sfkoernes H.I'., [onybesa E.H.,
[lnamos [ A.



Northern Hemisphere Extent Anomalies Jul 2013
20 '

10}

1970 1980 1990 2000 2010 2020
slope = -7.4(+/-1.3) % per decade

Southern Hemisphere Exten'tlAnomalies Jul' 2013
20? i

1970 1980 1990 2000 2010 2020
slope = 1.0(+/-0.6) % per decade

Sfkoernes H.I'., [onybesa E.H.,
[lnamos [ A.



Heat release
to atmosphere

Pacific
Ocean

== - Warmsurface
current

Cold saline
deep current

Heat release
to atmosphere

Sfkoernes H.I'., [onybesa E.H.,
[Tnamos [ A.
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Arctic September Sea Ice Extent:
Observations and Model Runs

—— Observations
--=-= Mean of Models
Standard Deviation of Models

Sfkoernes H.I'., [onybesa E.H.,

[lnamos [ A.



1999 — 2012 rT.

Arctic Ocean Model Intercomparison Project

OCHOBHBIE [IEJIN TIPOEKTA:

CPAaBHCHUC CYHICCTBYIOIINX COBMCCTHbLIX YHNCICHHBIX MOI[GJIefl OKCaHa U
MOPCKOTI'O JibJQ,

BBIICHCHHUC ITPUYNH KAYCCTBCHHBIX U KOJIMYCCTBCHHBIX paBHI/I‘II/Iﬁ B
pe3yiibTaraX YUCJICHHBIX 9KCIICPUMCHTOB,

pa3paboTKa COBPEMEHHBIX APKTUYECKUX MOJCIEH, CIIOCOOHBIX
BOCITPOU3BECTH MPOIILIbIE COOBITHS, ONMMCATh HACTOSAIIEE U MPeAcKa3aTh
Oyay1iee COCTOSTHUE BOJHBIX MAacC U MOPCKOro jipja CeBepHoro JIenoBUTOrO
OK€aHa

Skoernes H.I'., [onybesa E.H.,
[Tnamos [.A.



Principal

' Model name
Investigator

Institute State

Alfred Wegener Institute, AWI Germany M. Karcher AWI
Goddard Space Flight Center (GSFC) USA S. Hakkinen GSFC
Laboratoire de Physique des Océans France C. Lique ORCAO025/ DRAKKAR

Los Alamos National Laboratory USA E. Hunke LANL

Nansen Environmental and Remote Sensing Center, NERSC Norway H. Drange NERSC

Naval Postgraduate School, NPS USA W. Maslowski NPS

New York University, NYU USA D. Holland NYU

Russian Academy of Science SB, ICMMG, Novosibirsk Russia E. Golubeva RASN

Institute of Numerical Mathematics, INM RAS, Moscow Russia N. Yakovlev FEMAO2

Institute of Numerical Mathematics, INM RAS, Moscow Russia N. Diansky INMOM

University of Washington USA J. Zhang uw

Dalhousie University, DAL Canada F. Dupont DAL

Florida State University USA D. Dukhovskoy FSU

Geophysical Fluid Dynamics Laboratory, GFDL USA Winton/Martin GFDL

International Arctic Research Center, IARC USA E. Watanabe IARC-2/COCO

Jet Propulsion Laboratory, JPL USA An T. Nguyen ECCO2

Massachusetts Institute of Technology, MIT USA C. Hill ECCO2

National Center for Atmospheric Research, NCAR USA M. Holland NCAR

Norwegian Polar Institute, NPI Norway Ole A. Ngst NPI

Rossby Center, Swedish Meteorol. & Hydrol. Institute, RCO Sweden M. Meier RCO

University of Massachusetts, Dartmouth, UMASDD USA C. Chen FVCOM

Y. Aksenov, B. de

National Oceanography Centre Southampton (NOCS/ORCA25) UK Cuevas

ORCA25

Laboratoire d'Océanographie:et du Climat: Expérimentations et

Approches Numériques LOCEAN France Houssais/Herbaut ORCAO05

Institute of Ocean Sciences, Canada, |I0S Canada G. Holloway 10S




HavyajabHbIM KOOPAUHUPOBAHHBIN 3KciepuMeHT AOMIP
BbISBIJI NIOPA3UTEIbHbIC PA3JIMYUA MEKIY pe3yibTaTaMHu
YHCJIEHHOT0 MOACJIUPOBAHUSA 10 MHOTUM KJIHOYEBbIM
napaMerpam.

I[Ba BbIBOa, KOTOPbLIC MOC/JICA0OBAJIN B PE€3YyJIbTATC aHAJIN3aA
ITOI'0 IKCIICPUMCHTA.

* YUCJICHHBIEC MOAC/IHN JAKOT COJICHOCTDb OK€aHa, CUJIBHO
OT/INMYAIIIYIOCHA 0T KKIHNMATHYCCKOI0O COCTOSHUSD),

* ynucjaeHnbie mogean CJIO garT CylecCTBEHHO Pa3HYIo
HUPKYJSIUUIO OCHOBHBIX BOAHBIX MACC.

Skoernes H.I'., [onybesa E.H.,
[Tnamos [.A.
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Akoernies H.I'., [onybesa E.H.,




MozkeM JI MbI 10BEPATH JAHHBIM
HAO0I01eHun?

Skoenes H.I'., [onybeesa E.H.,
[lnamos [ A.



International Arctic Buoy Programme) 7 o y

Buoys and NSIDC Ice Q,6ncentr9tlon 4
60-day Drift Track -
22-Aug-2013 <
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SAkoernies H.I., [onybesa E.H.,
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IHupkyasuusa arnanTuyeckux Boj (caou 200-800 m) B CJ10
o pe3yjabraram yucjaeHHon moaean NAOSIM

(AWI, I'epmanun)

(9]
g
2

Recent changes in Arctic Ocean circulation revealed by 129 Odine observations and
modelling
Michael Karcher, John N. Smith, Frank Kauker, Riidiger Gerdes, William M. Smethie, Jr.

SAkoernes H.I"., [onybeesa E.H.,

FMrerAarmman I AN



IToJsie Teuenunt Ha riiyoune 400 m mo
pe3yjabTaraM padoThbl YHCJAECHHON MOIEIH

NUBMuMI' CO PAH
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SAkoernes H.I"., [onybeesa E.H.,



MoskeM Jii MBI I0BEPATH MOAEJISIM BbHICOKOI0
IPOCTPAHCTBEHHOI0 paspemeHus ?

Akoernies H.I'., [onybesa E.H.,

FMMeAarnmAan I AN
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[pocTpaHCTBEHHOE pacnpeaeneHune

MHOEeKca aTNnaHTUYEeCKUX N TUXOOKEaHCKMNX
BOA, ANsl TPEX BPEMEHHBIX NEPUoAoB Mo
AOAaHHbIM HAabNaAeHUN

GRL. VOL.. 39. 1.05603, doi:10.1029/2012G1.051045, 2012

2003-2006 2007-2008

SPaW

Therme cline

P.Bouroain and |.C.Gascard,
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KoopanHupoBaHHbIN YHCICHHBIN KCTIepuMeHT npoekta AOMIP (Aksenov
et al. to be published). PacnnpocTpaneHune THX00KeaHCKOI0 Tpaccepa,
HCTOYHUK KOTOPOIr0 MOCTOSIHHO HAXOAUTCH B bepuHroBomM npoJimnse, B
MEPUOAbI HUKJIOHUYECKON (BEPXHUN PAT) U AHTHHUKIOHUYCCKON (HUKHUHA
psia) uupkyasauu armocgepsl. Iloge Tpaccepa Ha riayoune 100 m

OCCAM, 8Kkm ORCA,13km ECCO,23km COCO,25km NAOSIM, 28km ICMMG, 35km

SAkoernes H.I"., [onybeesa E.H.,

FMrerAarmman I AN



Heo0xoaumo 00J1€€¢ KAa4eCTBEHHOE
NMOHNMAaHUE (PU3UKHN

I'maponmHamMuka okeana
[Torpanuunsie ciou (arMocdepa-aea-oKeaH)
TepMoauHaMKKa COJIEHOTO0 MOPCKOTO JibJa (M CHEra Ha HEM)

Junamuka n1e@opMupyeMoro MOPCKOro Jbja



| HIPOANHAMMKA OKEeaHa



The main features of the Arctic Ocean are the combination of
stable (with very high Vasala-Brunt frequencies) and unstable
stratification, and small baroclinic Rossby radius (3-5 km).

Non-Boussinesq in estuaries and during summer ice melting.

Rossby
Gravity plumes 3-5km | - dius

SAkoernes H.I"., [onybeesa E.H.,

FMrerAarmman I AN



IHapameTrpu3anus ri1y00K0 KOHBEKIIMU U CKJIOHOBOW KOHBEKIIUU
(KacKaJaMHIa)




KonBekuusi B ApKTHKE
(ILmatoB I'.A.)

Hg=AH  +(1-A4)H,,,
A=95-99%
QS = A ice +(1_A)ron

Hocn >> Hice 9 ron >> Qice :




IIpo0sema onucanusi
IMOTPAHUYHOIO0 CJI0S IMOAO JIbI0OM

Figure 1. HMS Tireless at the North Pole, 19 April 2004.

0.5 1.0 1.5

distance along track (km)



IIpo0iiema onucaHUus JUHAMUKY Apeudyromero
JbJa

*Sea Ice rheology formulation is based on assumptions on the number of icefloes
enough to use some ensemble averaging. If the mean icefloe diameter ~300m, the
resolution should be as large as several kilometers.

*Nonlinear viscous-plastic and elastic-viscous-plastic rheologies are common for
climate and large scale modeling.

*No reliable uniform formulation for both drifting ice and landfast ice.

*Modern satellite data reveal the linear fracture zones in the ice field — the necessity
to revise the basic hypothesis for the rheology.









Kwok: Remote sensing of sea-ice thickness and kinematics

SIBERIA

-
DIVERGENCE

07035 — 07041
Feb 4 — Feb 10

-
VORTICITY
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&w. ~§ ey
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Fig. 6. Large-scale mean ice motion and deformation of the Arctic Ocean ice cover between 4 and 10 February 2007. The high-resolution
ice deformation fields are derived from SAR imagery. (a) Mean vector field with superimposed sea-level pressure contours (interval 4 hPa);
(b) divergence; (c) vorticity; (d) shear. Deformation computed at gridcell ~10km on a side. Units: per day. After Kwok and Sulsky (2010).




Sea Ice Salinity

Sp = 4.606 + 91.603T¢
r?=0.730
SD=14

Sg=1.85+80217.97/Tf
r?=0.222
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Te, Floe Thickness {cm} T, Floe Thickness {cm)

Figure 18. All Arctic and Antarctic first-year sea-ice bulk Figure 22. All Arctic and Antarctic multiyear sea-ice bulk
salinity vs. floe thickness data compiled from numerous sources. salinity vs. floe thickness data.

Kovacs, A. 1996. Sea ice, Part I. Bulk salinity versus icefoe thickness. Technical Report 96-7, Cold Regions
Research and Engineering Laboratory, Hanover, New Hampshire




Modelling the mass balance and salinity of Arctic

and Antarctic sea ice

050-040-0 30-020-010000000 010020030 040 050 -010-008-006-0.04 -002-000 000 002 004 008 010

Figure 7.11: Differences in oceanic salinity {(March) in the NH at the surface {a) and at 200

m depth (b), averaged over 1979-2006.

This approach is based on the observational data for the ice salinity —
will not work in future climates






Forum for Arctic Modeling and Observational
Synthesis

PaclwimnpeHue mexayHapoaHOro COTpYAHMYECTBA U KOOPAUHALUN YCUAMK B 061aCTM ONUCAHMA
KIMMATUYECKUX MPOLLECCOB, NPOTEKaOLWMX B APKTUKE.

Pa3paboTka KOOPAMHMPOBAHHOIO NOAX0Aa Ha OCHOBE 06beAMHEHNA YUCNEHHOIO MOAE/INPOBAHUA,
TEOPETUYECKUX UCCNeA0BAHNM, aHaIN3a AaHHbIX HabAoAeHUA.

MoAaroToBKa HOBOrO MOKONEHUA YYEHbIX, 3aHUMAOLWMXCA Npobaemammn KIMMaTUYECKON N3MEHYNBOCTHU
ApPKTUKMN.

OCHOBHOW 3apayer NPOeKTa ABNAETCA YyCOBepLEeHCTBOBaHWE 1 pa3paboTtka moaenen CJ10 ¢
MOHUKEHHbIM YPOBHEM HeonpeaeneHHOCTU B BOCMPOM3BEAEHUN Ne0BbIX MPOLLECCOB U
OKeaHM4YecKon ANHAMWKM Ha OCHOBE

® CMNONb30BaHMA AaHHbIX HABAOAEHNI ANA OLEHKM MOAEIbHOrO POPCUHIa, FPAHMUYHbIX M HAaYaNbHbIX
AaHHbIX

® Ka/IMOGPOBKN N TECTUPOBAHUA HOBbIX MOAE/NEN C BbICOKMM NPOCTPAHCTBEHHbIM pa3peLleHnem Ha
OCHOBE KOOPAUHWMPOBAHHbIX 3KCMNEPUMEHTOB;

® CNO/Ib30BaHMA NapameTpuM3aLUmnii NOACETOUYHbIX MPOLLECCOB;

® 1CMNO0Nb30BaHMNA COBPEMEHHbIX YACNEHHbIX CXEM;

® CpPaBHEHMA MOAE/IbHbIX PE3YNbTATOB C AAHHbIMM HaTyPHbIX HAONOAEHWI C LLENbIO OLEHKN YPOBHA
Heonpeae/seHHOCTU MOAENM MO OTHOLWEHMIO K X CNOCOBHOCTN BOCNpOM3BeAEHNA peasibHbIX
NPOLLECCOB.






