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OugeHkM ByayLnx N3MeHEHNN apKTUYECKUX MOPCKUX NbAoB B XXI| Beke
No gaHHbIM aHcambns mogenen CMIP6 anga pasnuyHbiX cLeHapmes
aHTpornoreHHoro Bo3agenctena (IPCC ARG)

September Arctic sea ice area
10 km?
10




COKpameHme nJiowagn apkKTn4eCKnxX MOPCKNX Jib4oB U
NCKITIOYMNTENBbHAs 3KOHOMUYeckaa 3oHa Poccum

KoHUeHTpauusa MOpcKUxX NbaoB B ApkTuke B ceHTaAope (%) No cnyTHUKOBbLIM JaHHbIM
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rpaHI/ILI,bI NCKIMHOYNTESTIbHbIX 3KOHOMNYECKUX 30H MNMOKa3aHbl JINMHNAMU KPAaCHOIO LBETA
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COKpameHme nJiowagn apkKTn4eCKnxX MOPCKNX Jib4oB U
NCKITIOYMNTENBbHAs 3KOHOMUYeckaa 3oHa Poccum

2031-2040 2051-2060

KoHUeHTpaumss MOPCKUX fbAoB B
ApkTuke B ceHTsabpe (%), cpeaHaa angd
nepuopos 2031-2040 rr. (B, o) n
2051-2060 rr. (r, €) No AaHHbIM
aHcambna moaenen knumaTta npu
CLieHapusiX aHTPOMOreHHOro
Bo3aencTema SSP245 (B, r) n SSP585

(4, e).
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COKpameHme nrowaan apkKTU4eCKnNX MOPCKMNX ribaijoB U
NCKITIOYMNTENBbHAs 3KOHOMUYeckaa 3oHa Poccum

SSP245 MpoAomKMTENbLHOCTb NEePUoAA OTKPbITON BOAbI
150 (aHwn), B nepmog 1981-2000 rr. N0 CNyTHUKOBbLIM
AaHHbIM (KpnBas CUHEro LBeTa) U B nepunos,
1981-2080 rr. no aHcambso KNMMaTUYECKNX

100 mogenen CMIP6 (kpBasi kpacHOro uBeTa,
MeaMaHHOEe 3Ha4YeHMe) CornacHo CLeHapusam
50 SSP245 (a) n SSP585 (6). CepbiM LBETOM
0 N nokasaH nHTepBan mexgy 25% n 75%
5000 2075 2050 5075 g NEPUEHTMNAMU MOAENLHOrO pasbpoca.
rogpl
SSP585
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100
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Extent (Millions of square kilometers)
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Seasonal cycle of the Arctic sea ice extent
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Average Monthly Arctic Sea Ice Extent
August 1979 - 2024
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MuHumym 2012 r. — crniyqamHaga aHoManmsa nnn nposiBneHne OonrornepuogHom
TeHaeHunun?

DYHKUUA pacnpedeneHUsa nepuogos MWUHUManbHbIX 3HaYeHUH nnowagu
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Kak MmeHsinacb nnowaab apKTUH4EeCKUX MOPCKUX JNibAOB B nepBoun nonoBuHe XX Beka?

Hackonbko Benuka amnnuTyaa ecTeCTBEHHbIX Bapuauumi nnowaan noaa?

Average Monthly Arctic Sea Ice Extent
August 1979 - 2024
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Changes of the Arctic sea ice extent

Annual mean Northern Hemisphere sea ice extent, min.km? according to
different gridded datasets (IPCC AR5, 2013)
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Early Twentieth Century Warming in the Arctic
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Arctic seaice area during the Early Twentieth Century Warming
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Arctic seaice area during the Early Twentieth Century Warming

(d) September sea ice trend (b) March sea ice trend
Arctic Arctic

IPCC SROCC,
ARG (2021)




How uncertain are modern historical sea ice data?

Northern Hemisphere sea ice area (in min.km?) in September according to different datasets
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How uncertain are modern sea ice satellite retrieval algorithms?

Northern Hemisphere September sea ice area (in min.km?) obtained using the same satellite
brightness temperature data (SMMR, SSM/I, SSMIS), but using different sea ice retrieval
algorithms
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HeOI'Ipe,El,eJ'IeHHOCTb N3MEHEHUW nnoLwaan MOPCKUX JIbAOB B MOAENAX KITnMaTa

[nowanb apKTUYeCcKNX MOPCKUX NbAOB B CEHTADpe
B MOAENAX KfiMMmara v No AaHHbIM HabnoaeHUn (MITH.KM?)
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Seaice areain climate models: How is it turned?

- 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.

Annual cycle of cloudiness and downward longwave Dependence of annual sea ice thickness
radiation DLWR in CMIP3 models on DLWR and albedo
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Short Communication

On assessment of the relationship between changes of sea ice
extent and climate in the Arctic

Genrikh Alekseev.® Natalia Glok and Alexander Smirnov

Ocean—Air Interaction Department, Arctic and Antarctic Research Institute, St. Petersburg, Russia
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Figure 3. (a) Positions of seven meteorological stations in the marine Arctic with collected observations since 1900; (b) (1) reconstructed September
SIE in the Arctic from 1900 to 2013 and (2) observed SIE for 1980-2013.

Alekseev et al., 2015




Pre-satellite era Satellite era

Re-calibration of Arctic sea ice extent datasets
using Arctic surface air temperature records

Ronan Connolly, Michael Connolly & Willie Soon
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A DATABASE FOR DEPICTING ARCTIC SEA ICE
VARIATIONS BACK TO 1850

JOHN E. WALSH, FLORENCE FETTERER, J. SCOTT STEWART, and
WILLIAM L. CHAPMAN
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Geophysical Research Letters

RESEARCHLETTER  Arctic Sea-Ice Variability During the Instrumental Era
10.1029/2019GL086843

M. Kathleen Brennarﬂ@, Gregory J. Hakjm1®, and Edward Blanchard-WriggleswortN@
Key Points:

+ Data assimilation is a skillful

tarhninna far racanctrmicting

1Department of Atmospheric Sciences, University of Washington, Seattle, WA, USA

Annual total Arctic sea ice extent
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Total sea ice extent (10°% km?)

|— Reconstruction- MPIl, HadCRUT4
| =—— Walsh et al 2017
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Figure 3. Reconstructed Arctic SIE from DA (blue), Walsh et al. (2017) (black), and satellite observations (red). For our
reconstructions, annually averaged HadCRUT temperature data were assimilated with a prior ensemble drawn from
the MPI Last Millennium simulation. The blue shaded region indicates the 2.5-97.5" percentile range of reconstructed
ensemble members. Anomalies are centered about 1979-2013.

Brennan et al., 2020
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Arctic Sea Ice Variations in the First Half of the 20th Century:
A New Reconstruction Based on Hydrometeorological Data*™
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Method: EOF decomposition, regression models for PCs

1953-2019
HadISST N=K
N SIC(x,y.00= » PCIC(EOFI(x. ) ,
PCI.S'C(t) EOFi"":(x, y) i=1

1901-2019 l \
N=M1

SAT(x,y,0= > PCPT(HEOFAT(x.y),

PCjSAT(t) I bj\' /
CRUTS \ =

EOF 41(x,)
1901-2019 N=M2
SST(ry.n= ) PCFT(EORS (x.y)

—
EOF >*"(x,y) N=M3
SLP(r,y.= > PCIP()EOF™(x.y) ,

=1

PC57(t) — b

ERSST <

PCS2(t) —— b

|
HadSLP <
EOFISLP(X,y) N=M1 ) N=M2 ] N=M3 ]
PCYCGn= Y PCHATH 4+ 3 PCPTh+ > PCYPh),
e j=1 k=1 I=1
Step 1: Decomposition Step 2: Reconstruction
N=K

SICe (.3, = Y PCRC(HEOF“(x.y) .
i=1
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Regression model’s predictors: SAT, SST, SLP

SST
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Arctic sea ice area as reconstructed, in HadISST1 and Wal=h S12 11850 data
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Fig. 1. Arctic SIA (units: km?) in (a) March and (b) September according to HadISST1.1, SIBT1850, and the
reconstructed data (IAPICE1). Data are smoothed with 5-yr running means.
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®)

March SIC trends for 1915-1945
period
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SIC trend (% (10 yr)1)

Fig. 3. March SIC trends [units: % (10 yr)~!] in the (a, c, e) Atlantic and (b, d, f) Pacific sectors for the period
1915-45 according to (a, b) HadISST1.1, (c, d) SIBT1850, and (e, f) IAPICE] data. White dots indicate trends
significant at the 90% confidence level.
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(@) ®)

September SIC trends for 1915-
1945 period

(C) . SIG trand (% {10 y1) 1)

Fig. 4. September SIC trends [units: % (10 yr)~'] for the period 191545 according to (a) HadISSTL.1,
(b) SIBT1850, and (c) IAPICE1 data. White dots indicate trends significant at the 90% confidence level.
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(f) central Arctic. Data are smoothed with 5-yr running means.




Can we reproduce ETCW in climate models with HadISST1 data used as
boundary conditions?

Sea ice and temperature: atmosphere GCM as a diagnostics tool

Arctic sea ice anomalies and high latitude AGCM simulations provide estimates of
temperature data in the first half of the 20t temperature response to sea ice anomalies and
century do not match help to verify reliability of the sea ice datasets
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Data availability. The IAPICEl dataset is available at
http://www.ifaran.ru/DATA/APICEL/. https://doi.org/10. 11382/
2024.00112, and https://doi.org/10.537760/sciencedb.1ap.00003.
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Cnacu6o 3a BHuMmMmaHue!
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AKTyaﬂbeIe BOMNpocChbl, CBA3aHHbIe C UIBMEHEeHUeM nJjiowaaun
dPKTU4YEeCKUX MOPCKUX NbAoB

UTo OyaeT ¢ apKTUY4ECKMMU MOPCKMMM NbgamMn B dyayLiem?

UTO Mbl 3HaeM 06 N3MEHEHUSX MOPCKNX JibAoB B ApKTUKe B XX Beke?

Hackonbko HageXHbl ncnosrib3dyemble JaHHble MO CIMJI104EeHHOCTU NnbaoB?

Habntoganucb Ny UMKNU4eckue aonronepnogHbie konedaHnsa nnowaan nbaa?

Hackonbko Xxopollo Mogenn KiumMata BOCMPOU3BOAAT  UCTOPUYEcKMe
N3MeHeHus nnowaan nbaa?

EcTb N1 B AHAMMKe MOPCKNX NbAOB NOPOrn HEYCTONYNBOCTN?

MoxeM N1 Mbl PEKOHCTPYMpPOBAaTL MOMS CNfoYeEHHOCTU B NEPUOL OTCYTCTBUS
OAaHHbIX HabnogeHnn?
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Sea ice reconstruction based on AARI data

= ECHAMS/HadISST1
- CRU

— NEWICE
[ | | | I | | | | 1 -
1900 1920 1940 1960 1980 2000
Ice(t;) =
(STDDEV 1.95(Ice)/STDDEV 960.95 (T)) * (T(t;) — MEAN 960.05(T))
+ MEAN  560.05(Ice) (2.1).

re T(t;) — cpeqHeMec UHBIE aHOMAIN TeMITEPaTypsI 1o qanHsM AAHW.
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Arctic Sea Ice in the First Half of the 20th Century:
Temperature-Based Spatiotemporal Reconstruction

V. A. Semenov* * * and T. A. Matveeva’
¢A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Moscow, 119017 Russia
b Institute of Geography, Russian Academy of Sciences, Moscow, 119017 Russia
*e-mail: vasemenov@ifaran.ru
Received May 7, 2020; revised May 14, 2020; accepted June 3, 2020
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Fig. 1. SIA (mln kmz) (smoothed with a 5-year running mean) for (a) September and (b) March from HadISST 1.1 (thick grey
line), SIBT 1850 (Walsh) (black dotted line), and reconstruction based on linear regression of SIC onto SAT (black line).
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Changes of the Arctic sea ice extent: seasonality

Northern Hemisphere sea ice area, min.km? data of Hadley Centre (HadISST1)
in March, June, September and December
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Mcnonb3oBaHne moaenu obLen LMpKynsauum atmocdepbl Ans nccrnenoBaHus
BIUSAAHUA MOPCKUX NbAOB Ha KNUMAaT U Banuaaumn JaHHbIX

N3meHeHna 3uMHen T-pbl B APKTUKE B 3KCNEPUMEHTE C JaHHBIMU MO KOHUEHTPaLUU MOPCKUX
nbaos (KMJT) HadISST1 u B akcnepMeHTe ¢ 3aMOpOXeHHbIMU JaHHbIMK No KMJT
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Mcnonb3oBaHne moaenu obLen LMpKynsauum atmocdepbl Ans nccrnenoBaHus
BIUSAAHUA MOPCKUX NbAOB Ha KNUMAaT U Banuaaumn JaHHbIX
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PasHuua npunoBepxHOCTHOW TeMnepaTypbl HaZ CyLlen rno AaHHbIM HabMogeHNn N pesyrnsrartam
MOZENbHbIX 3KCNEePUMEHTOB C Ucrorb3oBaHneM AaHHbiX HadlSST1 kak rpaHuMYHbIX YyCrioBUA U
OLleHKa aHoManuu nnowagm MOPCKMX NbOO0B B 3UMHUKW nepuog (Hos-anp)

OTpuuaTtenbHaa aHOManusi Nfowaan MOPCKMX NbAOB 3UMOM B APKTUKe BO Bpems
noTensieHMA cepeanHbl XX BeKa CpaBHMMA C COBPEMEHHbIMU N3MEHEHUSIMU
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Seaice areain climate models: problems and progress
New climate models’ generations (CMIP5) better reproduces summer sea ice characteristics
(area, variability), but does it worse in winter

Regional biases are too large

|
Models are not that bad! A link (correlation) between sea ice area in

the Barents Sea and Spitzbergen-Nordcap

Alink between sea ice area and NH temperature pressure difference (a measure of oceanic
10 inflow strength)
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Model uncertainties of the Arctic sea ice Models can reproduce regional sea ice
changes are related to the uncertainty in dynamics

models’ temperature sensitivity to GHG forcing
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