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I. Title

Predictability study on the Arctic-midlatitude teleconnection using polar oceanic

and cryospheric surface observations

II. Purpose and Necessity of R&D

The CESM1 model of the National Center for Atmospheric Research, on which the
Polar Prediction System (KPOPS) is based, has recently been upgraded to the
latest version, and it is necessary to evaluate the predictive performance of the
CAM6 model, an atmospheric model of the CESM2 model. In addition, the
ocean-sea ice initialization process is essential to change the atmospheric
model-based system of the KPOPS to the Earth system model coupled with
atm-ocn-ice. Therefore, in this study, the simulation performance of NCAR CAMS6,
the latest climate model, was analyzed, and based on this, the CESM2 fully-coupled
model was constructed to evaluate the simulation performance of

Arctic-midlatitude teleconnelation according to the initial ocean-ice data.

III. R&D Contents and Results
Evaluation of polar region simulation performance of the latest climate model

In order to evaluate the simulation performance of the latest climate model in
the polar region, the model was integrated for 100 years and compared with the
reanalysis data. As a result of the analysis, the surface temperature in the polar
region of the CESM2 model was simulated higher than that of the CESM1 model,
and the downward longwave radiation flux was also simulated higher than that of
the CESM1 model. Although the surface temperature and longwave radiation
increased, the CESM2 model showed higher sea ice concentration and simulated
thicker snow depth.

Establishment of initialization system for ice initial condition

In order to evaluate the effect of sea ice initial conditions on season prediction,
an initialization was composed of three experiments. First, sea-ice was initialized
by inputting atmospheric forcing data. Second, sea ice was initialized by nudging
sea-ice observation data. Third, ocean was initialized by nudging ocean observation
data, and then the initialized ocean data was input. As a result of comparing the
initial conditions of sea-ice with satellite observation data, the second experiment

_5_



initialize by nudging the observed sea-ice was most similar to the observation, and
the first and third experiments tended to over-simulate in areas with large sea ice
fluctuations.

Evaluation of mid-latitude predictability and Arctic-midlatitude teleconnection
simulation performance

Three hindcast experiments were constructed by inputting the sea ice initial field
produced by the three methods, and a total of four experiments were composed,
including an experiment inputting the ocean-ice initial condition by nudging the
ocean and sea-ice observation data, to determine mid-latitude predictability and
Arctic-midlatitude teleconnelation simulation performance was evaluated. The
experiment in which the sea ice initial condition was input by nudging the sea-ice
observation data showed the lowest predictive performance, so it was judged to
be an error due to an imbalance between the model and the initial sea-ice
variables.

IV. Application Plans of R&D Results

We plan to establish a seasonal forecasting system as the sea-ice initialization
developed in this study, and plan to share the model results by attending the

climate expert meeting of the Korea Meteorological Administration in the future.
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28 AFNEe] "R
-2 g AANE A oA

=4 o5 A|~¥I(KPOPS; Korea Polar Prediction System)o] 31W7te] A& 42 AFF S
A F=dY 5ol 7hss AEvE el whet, 3 AP S35 715 d4 B &8eta,
#dd dAYSE A5 AP Favt s

A SA oS AIAR(KPOPS)ZE ZIMbskal 9l vl==E 7] AT 2 (NCAR;  National

Center for Atmospheric Research)®] A|FA|ARIREARL AFUE A FAIAE 2E(CESM;
Community Earth System Model)o] HAl wH oz Ad-so] el wep 2 A5 A<
=A o= AAF(KPOPS)9] tf7] Yl EF FUS e VIRtew dto] HAl wxQl
NCAR CESM CAM6 R &S npgoz A

) o]

|5 ®Wste] wet B Ao V)=o) Azt o] =
S 7Fstal Q1+ (Stroeve et al., 2007; Comiso, 2012).
13t 5= X9 FA3 Wt g A 2HIE 7MS A7 53] ol K%
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=

AgBde 7 TR 71 9 VIt & 4FS vA (Francis
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and Vavrus 2012; Honda et al.,, 2009; Kug et al., 2015, Mori et al., 2014).
3, THE WE Al FrketaL 3= o]V Aol = Ao VIS wea WA
SR % ;

o] AUs T gdEd 4 3% (Kim et al, 2014; Overland and

-

Wang, 2012).
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A 2 & =2 7[=HE &
d = ey 8%
AR B A4 FHRE e AGAE Frldn A9S HHow AAT

of| S A 2~ ¥l(GloSea5; Global Seasonal forecasting system version 5)& =93t 2016'd5-H
)

ke

3

A gt 9lom, GloSea5 RO 545 s Aot MAdety] g vket A<
2
—_L

o] Qlogk(Lee et al, 2018; Lim et al.,, 2018; Kim et al., 2019; Lee et al., 2020).
- HZ 718 EE GloSeas RLH| A WA O R GloSeab REE skl Al o w.e]
Zgat A (Z¥ 1). Lol Wt GloSeab EH O] 54 s 98] vdFd A9 R&D

FCST HCST
\iio Reconfiguration ECMWE
At :|::I:-:;_::i1..;: e 5;:.2;\;_;-" N1280L70 ERA-interim _
ikl pre'cip..‘ | [023°x0.16") T255L60 ~79 km res.
snowfall | ~10km res. {will be reploced by ERAS)
SodenBaaddie @ cicy UKMO ODA
A ssr T,"S R Ivsi
Init NEMOVAR eanalysis
Sea ice (IDVAR, 1AU) N721L75 ~23 km res.

Atm. Forcing: JRA-55 (6-houly; V10, Fsw,
Fiw, T2, q2, Psic, Preclp, cormected by CMAR)
(soon replaced by ERAS)

Land sfc. Urfline —_ Climate forcing
Init £ A | {aerosol, ozone ...)
v

Land sfc. forcing iy

GloSeab-GC3.2
Atm, um NEMO Ocean
N216185 eORCAD25L75
~60 km (0.83x0.56) OASIS ~25 km in equator
At = 15 min., {coupler) At = 20 min.
Land JULES 1 hourly CICE Sea-ice
N216L4

Restarts every 15 days

¥

Forecast Hindcast
S

Ensemble statistical prediction

Verification

2 1. GloSeab 2HO] a1 J1LX

- A9 BT ofdEr AEARE Qs w86 AR e, FAatdstmea s
CGCM(Coupled General Circulation Model)= T-535to] R oSAS H7lstal AS52A A=
APCC 7]5AlEl o] AlFste] Bp7]#e] o SA3e} vlu F4o] 7hs3
al,, 2018).
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| IRVCPE el
35
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5

ensemble
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s .
HMNAMEM : National Agency Meteorology and the :
Environmental Monitoring, Mongolia
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e CCEEEE0
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28 =2 Jle/id 3%

FH %571 2 AE (ECMWF; European Center of Medium-Range Weather Forecasts)oll A=

199745 ALASALEE 75t wgsta glow shtAcR AdSALTS

Mdetar Sl dA 9 AHE SEASS R El® ECMWES] 5H A Ald oS
Alzglolm 2011 - &8l 9k SEASA R oA 2017'd 11€el thAl = 93

- SEAS5 EHE 74 @4 BEY 27|E27 e Esl /1A= 3. IFS(Integrated Forecast

3] dd UFddS #F 5259 1 (Bechtold et al. 2014),

T8 RS s ide BlS. Esh SEAS4 Ede] EFEA ok W Rds

SEAS5° A ZEAIA e F4A1F (Johnson et al., 2019).

- olgf ol =e] ZHeM ALASAAES A f& = HE Bk okt
27120 AEE T ASA2HEe AAsa =
# 1. ECMWF SEAS4 2@t SEASH 2d 1A 8w
SEAS4 SEASS
IFS cvele Jord 43r1
IFS horizontal resolution (dynamics) T255 T319
IFS horizontal grid linear cubic octahedral
IFS horizontal resolution {physics) N128 (80 km) 0320 (36 km)
IFS vertical resolution { Top of atmosphere)  L91 (0,01 hPa) L91 {001 hPa)
IFS model stochastic physics J-scale SPPT and SKEB  3-scale SPPT and SKEB
Coupling OASIS3 single executable
Ocean model NEMO v3.0 NEMO v34.1
Cwcean horizontal resolution ORCA 1.0 ORCA 025
Ocean vertical resolution L4z L75
Sea-ice model sampled climatology LIM2
Wave model resolution 1.0° 0.5°

- NOAA(National Oceanic and Atmospheric Administration)== NCEP CFSv2(National
Centers for Environmental Prediction’s Climate Forecast System, version 2) %S &850
AddSe w8t 9. 20049 8o ti7]-sF-Aw AL EED CFSvie] = 3laL
2011 3¥H-E CFSv27t &8-57] Al&ESlS. CFSv2 EHoA = fourlevel EQF Fdl}
three-layer 3™ K o] /WA= 3l ol 7fdel glof FoskA st 2 CFsv2 Rele
el (state) o} A= s A|AElOAFE AAE = 27)AEZS] A3 Y (Saha et al, 2014).
CFsv2 Rdy z7|zxse] dads fe di7l-sid-Ad-siie]l A5 CFSR(Climate
Forecast System Reanalysis) A2 AEE 27|27 CE AHEst] Add5S 93t

o] o
AT -

Mo
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A3 TSy We W 2
14 H4 71 ¥R IA 2elgs Bt
1. W4 29 3 231 2713E 91 d5A8 g8 9 324 HS

- ¥ 2Y AAxd 2VEE A e #E7les dSARE FESE o] T
=N =
o =

kA & AFolM s s s, AT, w o], FEE
7} CryoSat-2 914 #5 A=

- ESA (European Space Agency) 7]¥2] CryoSat-2 91/ddlo|EZ a|% F7Z|(Ice thickness),
i 20| (Snow depth)®] W& EEGS (3 1-1).
- CryoSat-2 H2 5402 77+ %5 (Sea ice concentration)”} 70% ©17d o)

AEEHPR EA fFofsioR g

o] B8 CryoSat-2 (Level-4)
71 NSIDC(https:/ /nsidc.org/data/RDEFT4/versions/1)
713t 2010-09 to present
Gl A= 25km x 25km

Ice thickness(m)

Snow depth(m)

s

Z10] 9]

M
=N
of

- CryoSat-2 $17d tlo]E] 2] 201058 2019974 A= F+t | FA 9}
TEE I9 119 2

- 2010-20199 ASH Ha W FAE std=-gts oA oF 1me] W FAE HolH
HElB 9} FA M ots] FETolM 15m=E FAAA L WHHHZEE A5t FPHE
FAAE e} RHEFANA = FA7F 1med 5 1=
- B2 713 At i ol "AR 7t

1 Wgo] & vl =-hatslol = & TV 55

HAEF M= 01me & FA 5%,

o,
ok o —n

g 2
ke
e

Aot P

Fd= 2o, A=d
o, s otslof F A4,

gg
o
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CyoSat2 2010-2019 DJF Mean CyoSat2 2010-2019 DJF mean

sea ice thickness (m) snow depth {m)

1208 "

Q Q.05 a1 015 6.2 0.28 0.3 0.35

1% 1-1. CryoSat-2 S| F7(€1%),= Zo](LE%) 2010-2019 A4 H

k. SSMIS 914 35 A=

- NSIDC(National Snow and Ice Data Center)l*]:= DMSP(Defence Meteorological Satellite
Program) SSMIS(Sepecial Sensor Microwave Imager/Sounder) AlA oA AtZ% 53] #54
SSMIS A& & A& 3.

- SSMIS $14d #5 AR+ 3l 5% (Sea ice concentration)E Ala3shH, A FH = F 129

o
Eiasy

¥ 1-2. SSMIS $14 #=5 A5 AR

dlo] &3 SSMIS
71& NSIDC(https:/ /nsidc.org/data/NSIDC-0051/versions /1)
713t 1978-10 to present
A= 25km x 25km

Sea ice concentration(%)
ER
Sea ice fraction(1)
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- SSMIS HIo|E = SSMIS AlA7F #5538 4= ¢l A9 H=E(Pole hole)ol masking®] ¥ o]
A 5ol e, SSMI AlA 2 ez 7gte] met Fd =L masking A7]7F
Zhopx|=d|, 7]3te] WE H=& masking A7+ X 137 Z+.

#1383 AAME 55F A7

Pole Hole Area Pole Hole
Pole Hole mask Latitude Dates Used
(million km”?2) Radius(km)
SSMIS 0.029 9 89.18N 2008-2019
SSMI 0.31 311 87.2N 1987-2007
SMMR 1.19 611 84.5N 1978-1987
- SSMIS #= HlolEle] 7|3hE sk WskE #elstr] 9l 19799 F-E 199997h4] ALH

s =2k 200078 20199744 Aed W EEE vlusds(1H 1-2).

- 2000 o]} o] %] AEH HWEE vluskd sAH ol A3} updll=a] x| ool A

AYss Ao B T 5 e

SSMI/S 1979-1999 DJF mean

Sea ice fraction

SSMI/S 2000-2019 DJF mean

percant

Sea ica fraction

WA
A %

1-2. SSMIS 2000 tf
I

o,

o
=

o)A Y

%) 2010-2019 A
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A5 AR

t}. CloudSat ¢4

- CloudSat> NASA9} CSA(Canadian Space Agency)”’} 703t remote sensing satellite

mission©. 2 Zo|HE ARgst] Y 54& SAE.
T Z(IWP; Ice Water Path)9} N5

7o

T .

o] AT ARE ¥ 149 2

- B2 Oﬂ—?cﬂ/\ﬂ = " 7 Z(LWP; Liquid Water Path)

WrE FAs] A n AR
3% 1-4. CloudSat ¥4 ¥#= A5 A1
tole CloudSat
N8 http:/ /www.cloudsat.cira.colostate.edu/data-products/level-2
- b/2b-cwc-rvod?term=99
713k 2006-06 to 2018-12
A= 1x1
Ice water path (kg/m”2)
W
Liquid water path (kg/m”2)

- FA7Fs e 71RER1 20061 -] 2018 A7HA] A& WAAFBZ(IWP) S A4 Z(LWP) HEE
1-3).
T Ul WAFBEZAWP) S AT Z(LWP)= B iAo .

CloudSat 2006-2018 DJF mean

CloudSat 2006-2018 DJF mean
Liquid water path kg/m*2

Ice water path kaim*2

60E /

T
—

1208

0.15 02 0.25 03 0.35 0.4

Z(IWP; Ice Water Path)(¢1%),
) 2006-2018 A& 3t (ke/m”2)

1% 1-3. CloudSat #=x}g2] WH+7 oA 4=
2L

7d Z(LWP; Liquid Water Path)(2

E
-
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2}, SSMIS HloJE &= AtE%¥ SIT(Snow Ice Interface Temperature)

A9 g9 dolHE BE A ¥ BALS AW FE, AW WA ge 259

l il
WeEe A5 e

AR W 2Rl o]l T3 ZE MER #S5 Hge &8 7hsd voly 7]gho]
AT B4 glo) W @ 2HY

& ANHAA Lee et al, 201814E FA Y ABHe YL B
g8 B717 £EHIL Ut SSMISY 914 HlolHE Abgte] /g A dg ww

= st AEH /W AW 2E(SIHT;, Snow Ice
Interface Temperature) 2t d2]|FS s+
AEE /e A=
=27F A5
Rbd, whdl=-7hetel], 22l Al eots A oM of -20°C R vhdW Ao Xg}
°F 10°C 7+ zbol7k vhar whel=-7heksl) A jelM 7Hd w2 255 B9

A efell A= -30°C ©] ]

1o
Lo
o
(1
)
£S
o
b
rir
I«
r
)
iy
)
rf
)

SSMIS 1988-2017 SIIT DJF MEAN

Snow/Ice interface temprature deg C

-31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19
1™ 1-4. SSMIS §14d HlolEl & ARgste] AlEdt i/
3l H A <Z(SIT;  Snow/Ice  Interface

Temperature, units : °C)
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2. HAl 7132 G (NCAR CESM2)¢] =49 H 4

olr
ot
N
)

) AY T4

-

- NCAR(National Center for Atmospheric Research)o*] 7]t CESM(Community Earth
System Model) &2 th7], A9, aief, i REES £33k A7 75 Edql

- CESM1.2:= 20129ell A+ /1ol ohdst 7% gl E8Hoigha, urIEEE
CAM5(Connunity Atmosphere Model version 5), ATXE P2 CLM4(Community Land
Model version 4), 3l%X 51> POP2(Parallel Ocean Program version 2) 121l 3 2=
CICE4(Community Ice CodE version 4)= T/J 5 o] ql5.

- CESM21 222 CESM1.2E st gle REEo]l HAl widor ol Hglow,
LA G H AR

- 2 AN HA VSRR =AY R es syl sl CESM1.29F CESM2.1

o o

AEE P, 1009 FE8t] Z4F 3092 spin-uplZ 3t o] F 70 s
%

N

¥ 1-5. CESM1.29} CESM2.12] A8 A

Experiment name CESM1.2 CESM2.1
Initialization time 2000 present day 2000 present day
Atmosphere CAM5 CAM6
Land CLM4 CLM5
Sea-ice CICE4 CICE5
Ocean POP2 POP2
River runoff RTM MOSART
Resolution 2.5°x1.9°

_19_



Lt A 7] $ R E(NCAR-CESM2) 9] A9 T oA s

o&i

7t

- AN AREAAEE BS5olE L BHeke] v A el vls G wE

- o1y d S AMAE] fsl Al 7EA A4 A E(ERA-interim, JRAS5, NCEP2)E #8519
A3 A= laesls.

- WA AR AN 71(M2m) EXS Bd T =N 7}7&} < JE Holu,
-15~-20°C "7Fe] A7 F27F 2% 119 &

- AEAAEZTY] 2to]

X
(0]
U
rlr
%
:g
Z
Q
S
N
oz
N
o

gE dhd, ERA interimAR.2 A H3fo] EX 5 = AS Feldh
- CESM1.2 R4 CEsM2 & *E“-ﬁ A7, CESM12 239 A47]&9 A9 HRA =

1%

L EURG| i
GAFSE BEXE HY 3, CESM2 RHo A7l AQEAAE £ -15~-20C ko] 713+
& ERA interim®l] H|3IAE ¢ F& 99 2ost9e.

(a) T2m.CESM2.onnual (b) T2m.CESM1.2.annual

1 | |
-25-20-15-10 -5 5 10 15 20 25

(@) T2m.ERA_interim (b) T2m.JRASS (c) T2m.NCEP2

| | | —
-25-20-15-10 -5 5 10

1% 1-5. CESM29} CESM1.2 1@ ($1)3 ERA-interim, JRA-55, NCEP2 A4 18 (o}#))9]
= AYO0N)9] FHd A 7l £xE yEhde, 492 30 spin-up § °lF 70 AREE
BFarste] Abgskalen, AA AR 717 19792014 (unit: “C).

|
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o= Bl WFEXN ot Fuk HAF HHA(DLWRF, Downward Long-Wave Radiation Flux)
Hrs vl A (1™ 16

AT h g Byt JAF SY A A7 xS} o] JRAS5SE NCEP2 A& 9] 37}
FrAFSFSI AL ERA interim AEAAEE v AFAAEE Bot & ot 43 HAF A
TEE HOS

2d Ay Ayes AEAxwet v RS o, CESM1.2 222 AR 513k Aul HAL
ZY A9t FAMSE FEE BYAINE CESM2 292 o1eF At HAY E2HAE AR E=
BEFo] Y S

st Fu BAP HYAE AR dvhe A ANCE B g EE AL Ao
WEdts AS guistEE o] HEdddA w2 7L FE(OH 159 #ol s

L
o
o
B

et al., 2020).

(o) DLWRF.CESM2.annual  (b) DLWRF.CESM1.2.annual
/i

fias

1 1 |
175 200 225 250 275 300 325 350 375 400

(a) DLWRF.ERA_interim (b) DLWRF.JRASS5 (c) DLWRF.NCEP2

1 1 1
175 200 225 250 275 300 325 350 375 400

a9 1-6. 19 1-5% Fdstt, okek Ak HARe] BE S UEbd (unitt W/m®).
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- A 7123 Zul BaE 74k e ol E CESM2 RElolA W wWAo] o B, ¥ Zo]
(snow depth)E © FAA 2% (19 1-7, 19 1-8).

- ol di® EHo] CICE4elA CICESR uh¥HA dolsh, a4 e odat gl dAXx
(melt pond)?] % ®37F lo] CICE50A s o= & AFol7} ARt s FA7}
F7Vehe A8 A5 A¥7F 9% (Turner and hunke, 2015).

- 2Py 2 Aol = CESM2 EHlolA sl H A S Wol] KOsk Aolrb glow, o=
7] 2o Xfolo] wE JFoR F5H.

- 94 B35 dolE e mas R CESM2, CESM1.2 F+ 2d »5% s a4 293

rlr

(a) ICEFRAC.CESM2.annual (b) ICEFRAC.CESM1.2.annual

0.15 0.3 0.45 0.6 0.75 0.9

(c) ICEFRAC.SSMI/S.annual

Sea ice fraction
[]

E__2R ) : T _sow
60E

90E -

120E

1% 1-7. CESM2%} CESM1.2 22 23 9] v w2 B9} AdHSulole 9 3
Hl ™ A

Fe

o

_22_



CESM2 snow depth annual CESM1 snow depth annual

snow depth m snow depth m

]
-;~
i
i
.

B 0.0 [\ 5] . 813 02 025 0.3 038
2% 1-8. CESM2 &%l 3} WﬂJp“\

x|
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- 5ol vl& CAMSS] H= 5ol FwskAl il (Kay et al, 2012; English et al., 2014),
g olF v A7 £AE A mdHY, CAMSOIA RS 7t A4S #Ed
Wof vla] |F 25w Rostal, CAMSOIA #¥Z Ao didiA A2 ae=HA
HE FEol, SFEFEAIUA(DLR)= #54elA SAsE SAXAC vlE st

Mcllhattan (2017)2] A& A7} 5.
WA = AE2E CESM1.2 299 gho] @5l o] 717k, CESM2 EHoM = 23] I4a
Bolat= Aol (29 19, 11 1-10).

of e #4x BAHJD H= T5= °olFv HdA F20], CAM6elA

Fo]
- CAM59A 5
A i 71 E o] Mllhattan(2017)2] A3 A9 sd et A¥rF YebH( ™ 19, 2§ 1-11).

il

CloudSat 2006-2018 Ice water path CloudSat 2006-2018 Liquid water path

Ice water path kg/m*2 Liquid water path kg/m"2

0.02 0.06 0.1 0.14 0.18 0.22 026 03

2% 1-9. WA 57 Z(Total ice water path, IWP)Z} N7 Z(Total liquid water path, LWP)
9] Cloudsat 9?1/ #= AREE 20061 6€ -2018W12¢¥ H 3t - E(unit : ka/m?)
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(o) TGCLDIWP.CESM2.annual (b) TGCLDIWP.CESM1.2.annual

0.09
0.07
0.05
0.03
0.01

7% 1-10. CESM22} CESM1.2°] & W WA 4 7 Z(ice water path) &3X (unit: kg/m?)

(a) TGCLDLWP.CESM2.annual (b) TGCLDLWP.CESM1.2.annual

0.02 0.06 0.1 0.140.18

2% 1-11. CESM2$F CESM1.28] 75 Wl Al = A= (unit: ka/m*)
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- CESM27} CESM1.2¢ H|&| st atmAl o7 S7te Aoz vl W/

(snow/ice surface temperature) W5 HlWaH W CESM29] a|H/iF ZHE
Bojstes e = g e (19 1-12).
- ey, CESM29] diM/E EUeErt wistAl AAEASdE 2o
CESM2°] Edlo] go] Rejsh= Zlof dfsl o 42 dart 9w,

CESM2 ICE T annual CESM1 ICE T annual

snowlice surface lemperalture

dec C snow/ice surface temperalure
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- CESM2 R dlo A fEfalof x| eof stadie] o s W Eks A8 S w, CESM1.2 F 2o

Hl 3l updll= %] ¢ 9] %‘&i}ﬂ ek, HA el A Rt = sheshAl vebd (2¥ 1-13)

- 500hPa A §JaxolA F g % uwpdll = z oo w7]hy kAol Ao A 7]<to]
WERFARE, CESM2 B RoA ©] FEl8HA ER.

- CESM2°f|A utdll= =] 9jo] o ydstal, fekalol Ao o WA =3 57t YA,
A7) L5 FERTHE A dddgo] JfAEo] 500hPa A9l E FHdAdo] FElEkAl ek
o7 ey

Composite field of 1.0std cold years (ND—mean)

CESM2 CESM1.2
{a) T2m ano {a) T2m ano

E | | | |
=35=25-15 -1 =0505 1 15 2 25

{b) Z500 ano (b) Z500 anc

] I
=453 =35 -=-25-15 15 30 45 80 75

4 1-13. CESM29} CESM1.28] %72 (ND) {-2FAloF A% (60E—120E, 40N-60N)o] 3t st
FHE " Fel gk A4 71&3 500hPa A9 1%E 3

o
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1) A 2718 A A M1 29

- W

P

717 A AFM)S Y3 A" S Z CMIP6(Coupled Model Intercomparison
Project Phase 6)$} S2S(Sub-seasonal to seasonal) ZEAEO|A Z&3t= - 2714
A wte g 27148 AR

-GN 271 A8 HAAE ved Z5. 1) POP2-CICE 4% & 75 (F 2-1)
2) 1958-2009'A7}4] JRA55-Do t7]%4-S forcing 3}
dolHE sik-wa 273w 3¢ (1¥ 211 &

- Ml AEE -l dSARE A s3tekA @
Babste] Batd 2717 Wgl REzke] F 4 3t ¥ (dynamic balance)©] Q1+

- POP2-CICE compset
: 2000_DATM %JRA-1p4-2018_SLND_CICE_POP2_DROF%JRA-1p4-2018_SGLC_SWAV

3 2-1. POP2-CICE A% 2 G4 (M)

Initialization time 2000 present day
Atmosphere DATM%JRA-1p4-2018
Land SLND
Sea-ice CICE5
Ocean POP2
River runoff DROF%]JRA-1p4-2018
Land Ice SGLC
Wave SWAV
Resolution f19_g16, gx1v6
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POP2~CICEB Coupled Model

| JRABE—do Forcing |

Cycle 5

JBRABS~do Forcing

O YYYY

1968 2009

T— Cycle1 -4 —I

{Griffies et al,, 2018: Richter et al,, 2020; Tusjino et al,, 2020)

19 2-1. t)7] Forcing AR5 &% W 27174 A el BAE (M)

2 ¥d =77 A A9 M2 49

- M2 2&& CICE offline Model®ll SST(Sea Surface Temperature), SIC(Sea Ice Concentration),
SIT(Sea Ice Thickness) #S5AE S WA 3dlo] WA 27]%-S AAtshe= Weksl.

- SST$} SICE NOAA OISST, OISIC Reanalysis(v2) daily AFHES 831931, SITE PIOMAS
Reanalysis monthly 2}55 &89

- 2 e S 55 o WA CdS5e A ey Ae 2713 V1WA (EAATL),
2017914 7Eet CICE W4 AlA®E &838lal, ehabA
SST, SIC, SIT 717} 20¢, 0.25%, 54 & AAste] FAsAS (1" 2-2).

- M2 27]8F 9Qke 19827 H 2016744 37] AR #5ARE AAste] AAtelS

Akl AA dSAR FASHA 27180 e

=2 %=
2ol AR, Ak 271742 2712 dynamic unbalance”l 88 ¢ QLS
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Initialized variables

Sea Surface Temperature, °C

- Nudging time-scale: 20 day
- NOAA DISST Reanalysis{v2), daily on 14° and_ SST

Sea |ce Model — ”
Sea Ice Concentration, % | Initial Condition

(CICE 5.1)

t

Atmospheric

- Nudging time-scale: 5 day Forcing Data
- PIOMAS Reanalysis, monthly on 380x120(45°N™80°N). SIT
- Sea-ice thickness is nudged as each of the categories.

- Nudging time-scale: 0.25 day(6-hours)
- NOAA QISIC Reanalysis(v2), daily on 1/4° grid. SIC

Sea Ice Thickness, m

Atmospheric forcing variables

Hnn_mt = (H,,.ﬂ,{_,,] +4AH, )+ (Hm.,.i_ﬂ,z + &H_-J T (_Hmod_,,,; b ;Hg) D0 10{10m air density, kg/m*3}
Q_10{10m specific humidity, lg/kg)
Hiodd cat SLP{Om sea level p e, Pa)
AH1= (Hyiomas tor — Hmod tot) (7’““'“{ T_10010m air temperature, Kelvin)
H’rrm‘-_fﬂl U_10{10m b wind, m/s)

V_10(10m V wind, mfs)
um‘j'i‘: PREC(precipitation, mm/day)

Hyod_tot SWON(downweiling shortwave flux, W/ma2)

tWON(downwelling longwave flux, Wim*2)

H
AHy= (Hp.l’onms_rnl = Hmod_l‘of) X

Y 22 8 ARER A2 AL (B F7) BT Y WA 52 AT s

2713 7Y = A AT L), 2017)

CICES Offline Modsl

[ ATM Forcing & ICE Nudging ]

1882 2018

0g
i
[
S
I
i
=
0%
2
B
2
Ik
alo
4
EL
&L
08
g
G
i
w
B
=
2
>
il
=
ng
N
=2
=

a9 23 W w5 ARE FES Y 2718 A Uk AR (M2)
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G) Hd =718 B4 A M3 Ad

- M3 A AAHAQ Sea Iee 5 HIOJEIE dHst] 271Ha Aakets Zlo] ofd, d%f
#HSAEE WA Arkd i 2718 A S E Fully-coupled EHe] 1¥sto] WA
7185 AAske wekdl

- EXP_POP A3 HAax vg3 25 (19 2-4). 1) POP2 offline %9 FF(% 2-2)
2) EN4+HadISST H|°|E|E 1977-2016\d7F#] WA 3atof s =714 A4 3) CESM2
Fully-coupled 2% TF(3E 2-3) 4) 19772016174 14 # dlF =718 2 o7l 27134

st & 1A 0% CESM2 fully-coupled 22l ¢l=ate] vid Wd 273 A4k
- M3 A WA 271> CESM2 fully-coupled REE Fa 78" WA 27|Fo=,
2471 v RdelA v W 2718e @8t Aol vl BE driftrh S Zo R k.
3 2-2. POP2 offline =2 /4 (M3)
Initialization time 2000 present day
Atmosphere DATM%NYF
Land SLND
Sea-ice DICE%SSMI
Ocean POP2
River runoff DROF%NYF
Land Ice SGLC
Wave DWAV %CLIMO
Resolution f19_gl6, gx1vé
3 2-3. CESM2 Fully-coupled 2 /4 (M3)
Atmosphere CAMb6
Land CLM50%SP
Sea-ice CICES
Ocean POP2
River runoff MOSART
Land Ice SGLC
Wave SWAV
Resolution f19_gl6, gx1vé
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ATM Forcing &
OCN T, S Nudging

| J
e UL
ST

[ Ocean initialized data (Monthly)

Fully-coupled Model () l l l l l l l l l l ].*

1977 2016

- A2k 2)o14] EN4¢}l HadISSTE Asto] Abgshe ol = A9ellr el ENd4 #5414
w27 B5ohr] witel o] & Hebshr] f19d(TLE 2-5).

07/2021
29947 profiles

1% 2-5. EN4 Hlo]g 9] A=A E X (Met Office Hadley Centre observations datasets)
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1) (Y =718 24 49 1€ 19 271%

)
£l
o
_>|~1_"
il

- 271 A EerEM1-3) 112 1Y 27179 A EE, YT WFY

HA M1 27189 s d e Hadlcdds e AAE HolA, HA & e}

= &9 HAE B B J-s=el wpkl=s)] Afo] &Y wigo] 2 A9

2 49 AxE Bl T A, ARH/E TRl o AAE Al9stie iR
= E =z

M2 27188 ML 2718604 tebd TR se) whaza) Alo] s el Axt gol
g3 8 RS FARYTL AYEAL BEA) At YS. ol M2 /1Pl AYFE
AYEAE A5 WA st AAE 2714l Wl

M3 27139 diWsEe SFdalolA o] HAE Hola, TUFEeL X Ato] A=
=9 HWaE B N FAE M1 27183 fAFSHA 5= dte] A 59 dAE B
ofstd oW #SFARE HWASe M2 27[Fo] #5ARd P FAEE X5 B,

=
1 27172 Marginal ice zone (MIZ)IA T 2o A, s #=5
ARE WA M3 2718 dd AelN Haroes A Y.

1996-2015 11 1996-2015 11 1996-2015 11
SIC MEAN BIAS(SSMIS M1) SIC MEAN BIAS(SSMIS,M2) SIC MEAN BIAS(SSMIS,M3)

-50 -40-30-20-10 0 10 20 30 40 50 -50 -40-30-20-10 0 10 20 30 40 50 -50-40-30 -20-10 0 10 20 30 40 50
1996-2015 11 1996-2015 11 1996-2015 11
SIT MEAN BIAS(PIOMAS,M1) SIT MEAN BIAS(PIOMAS,M2) SIT MEAN BIAS(PIOMAS,M3)

,/’7??;}' Tow
/@,\ i) N
y /-

24 -16-08 0 08 1.6 2.4 24 -16-08 0 08 1.6 2.4 24 -16 -08 0 08 1.6 2.4

a9 2-6 11€ 19 =71%9] W FE(SIC), 3l F7I(SIT) mean bias +
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M1:1996-2015 11 M1: 1996-2015 11
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

M2: 1996-2015 11 b M2: 1996-2015 11
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

M3: 1996-2015 11 - N M3: 1996-2015 11
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

[T T T T

-0.9 -0.6 -0.3. 0 03 06 09 0 02 04 06 08 09 06 -03 0 03 06 09 0 02 04 06 08

a9 2-7 11¥ 19 27139 W FE(SIC), W F7(SIT) ACC, MSSS 3
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- 12€ 19 2139 AFALd FF, M3 2718 EF 1€ 19 271339 fA18 225
A

- s el A Aol 7k A=, 128 Eo AV A& SRk Y se o
A A BF S AAE B Al A F M2 Ado] M AL g9 #AAE 2.
T3k M19] 1149 19 2710l vkl =af 9l H Aol 52 HAE BAARE 1249 1Y
27N AM = FAY BF %8 AxE Ho AR AFS HIS. M3 g I¥FE
FHA ko] Ha7E 1149 19 27178l vl Frhslkiar, At w" e sl 52
HAasE H24)

- QoFshd, 129 19 271 olA M1 MIZolA Fo R A do] 5=y, M2 #57
A M3 MIZoll A Fo5e] ko] 73k,

1996-2015 12 1996-2015 12 1996-2015 12
SIC MEAN BIAS(SSMIS,MZ) SIC MEAN BIAS(SSMIS,MS)

SIC MEAN BIAS(SSMIS,M1)

-50 -40-30-20-10 0 10 20 30 40 50 -50 -40 -30-20-10 0 10 20 30 40 50 -50 -40 -30-20-10 0 10 20 30 40 50
1996-2015 12 1996-2015 12 1996-2015 12
SIT MEAN BIAS(PIOMAS,M1) SIT MEAN BIAS(PIOMAS,M2) SIT MEAN BIAS(PIOMAS,M3)

24 16 08 0 08 16 2.4 24 16 08 0 08 16 2.4 24 -16 -08 0 08 16 24

9 2-8 12€ 19 %71#9] il 5= (SIC), W7 (SIT) mean bias &3
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Ay, M1 Y559 ACC/F 11€ 1¢

Hlgl of|SAdo] "ol R npdl= dR-A A3 HAJgoA £ MSSSE EAw. i FA9
o

ACC ¥+ 119 19 27133 FASFG AT MSSs X5 B 119 199 Hl&] &

MSSS + X5 B TS A9 ACC, MSSS #3E EF
N s oAFAdol ALY A veEFS L ST

M1:1996-2015 12
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL)

e |

M2: 1996-2015 12
SIC MSSS(SSMIS,CESM2-CPL)

SIC ACC(SSMIS,CESM2-CPL)

M3: 1996-2015 12
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL)

[ ___ [ LNEEEN ﬁ
09 06 03 0 03 06 09 0 02 04 06 08

% 29 129 19 =71%9] W FE(SIC), 3 F7I(SIT) ACC, MSSS 3

1o
>
(@)
@)
2
>
=
Rl
Y
ke
rlo

M1:1996-2015 12
SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

M2: 1996-2015 12
SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

_sow 508

M3: 1996-2015 12
SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

09 -06 -03 0

03 06 09 0 02 04 06 08
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@) ¥ 2% 24 49 149 14, 2€ 1¢ 271%

- 1€ 19 271387 2¢€ 19 27189 £xE A fAkeE dEozE A s le
(719 1-10 - 1% 1-13).

- 18 19 271739 ML A3 el B 129 19 27130 fAE 'l S B MIZ
Aol kel HAbE KIS, 129 19 7] A veted JESRkeA §o] Hiakes
19 19 27184 % B2 Uebws. Y s AA 71belA] fARE eAE Bels

- M28] A= A 2718 fAbeAl SAY diFEelA Al R, siRFA B v
eAtE B9l

- M39 AW EEE 129 19 271 MIZelA Bl o] dA7E 18 19 27104 9
Ax7E EolA S, S FAL A =LA 5o HAE Holi thE A9 A
71782 YT Fxed A S

1997-2016 01
SIC MEAN BIAS(SSMIS,M2)

1997-2016 01
SIC MEAN BIAS(SSMIS,M1)

\
e T TR

3 £
(% 3
& j S
60E /. P :
Je

/

L

150E <!

-50-40 -30 -20-10 0 10 20 30 40 50
1997-2016 01 1997-2016 01
SIT MEAN BIAS(PIOMAS,M1) SIT MEAN BIAS(PIOMAS,M2)

[ 0

-50-40-30-20-10 0 10 20 30 40 50

[ LU TT——————— |

24 -16-08 0 08 1.6 24

LU T———— |

24 -16 -08 0 08 16 24

29 2-10 1€ 19 27139 il 5% (SIC), 3% F7(SIT) mean bias
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1997-2016 01
SIC MEAN BIAS(SSMIS,M3)

-50 -40-30-20-10 0 10 20 30 40 50
1997-2016 01
SIT MEAN BIAS(PIOMAS,M3)

[ CUDT Ty
24 -16 -08 0 08 1.6 24

o
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219 19 271389 ACC, MSSS #Zi= ok &
[e) [e)

S
S
- M19 H$ ACCS} MSSS R 5 & oA 1wl x4

M1:1997-2016 01 M1:1997-2016 01
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

M2: 1997-2016 01 ' M2: 1997-2016 01
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

M3: 1997-2016 01 b ' M3: 1997-2016 01
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

-

09 -06 03 0 03 06 09 0 02 04 06 08 09 06 -03 0 03 06 09 0 02 04 06 08

a9 2-11 1€ 19 27139 W FE(SIC), W F71(SIT) ACC, MSSS 3
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1997-2016 02 1997-2016 02 1997-2016 02
SIC MEAN BIAS(SSMIS,M1) SIC MEAN BIAS(SSMIS,M2) SIC MEAN BIAS(SSMIS,M3)

T

-50 -40 -30-20-10 0 10 20 30 40 50 -50 -40-30-20-10 0 10 20 30 40 50 -50 -40-30-20-10 0 10 20 30 40 50
1997-2016 02 1997-2016 02 1997-2016 02
SIT MEAN BIAS(PIOMAS,M1) SIT MEAN BIAS(PIOMAS,M2) SIT MEAN BIAS(PIOMAS,M3)

0 o o

ST T [T
24 -16 08 0 08 16 24 24 -16 08 0 08 16 24 24 -16 -08 0 08 16 24

9 212 29 1Y %7149 H 5% (SIC), W F71(SIT) mean bias 3
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M1:1997-2016 02 M1:1997-2016 02
SIC ACC(SSMIS,CESM2-CPL) SIC MSSS(SSMIS,CESM2-CPL) SIT ACC(PIOMAS,CESM2-CPL) SIT MSSS(PIOMAS,CESM2-CPL)

150

M2: 1997-2016 02 ' ) M2: 1997-2016 02
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- CESM2 fully-coupled B2 &g§3to] AAANALT S 73 aL ol &3l A BArst

Y 2710l =5 A 71 B mX= F¥FE HE Y A k= 3
Agel M3 A8 fully-coupled F 2 %W?Jr FA3F (% 2-3). FAAAAE 7)17E 1996
11458 2016\d 2€7H4] A=H(11-2€)l g 1 271steto] AR, AREAIZE

45017 HNAFGS A FAATAT T+ é-ﬁ— ¥ 313 2

1:1

3 3-1. CESM2 fully-coupled =4 7|8k Al &= AANEELE 4

Model CESM2 fully-coupled
Period 1996/1997 - 2015/2016
Initial time 1st of every month in winter (NOV-FEB)
Intergration range 45 days
# of ensembles 5
Resolution f19_gl6(atm, land), gx1vé6(ocn, ice)
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oA~E #0]7] 93] RFP(Random Field Perturbation) 5
%+ (Magnusson et al., 2009) RFP ‘ﬂ“ﬁ o wuls Saslxt

S Y. o WS T BRd PR Y Wemd EdHQ Qow
]_

2o
= = LS
LEbE L, 2717 @RS Wol whE 825 o SellA f&s o R dEA QS (Richter et

(a) TREFHT BKSEA (a) TREFHT BKSEA
11.0 9
10.0 10.0 +
9.0 9.0 |
w 8.0 il 8.0 —
%) %)
= =
“ 70 - T 70-
6.0 6.0
5.0 - 5.0 4
4.0 i , ‘ ‘ 4.0 T . ‘
0 10 20 30 40 0 10 20 30 40
Forecast lead days Forecast lead days

79 3-1. vl =gkl 2] 9 (65-80N, 20-105W)oll A1 9] lead timeol WHE 2m 7]&°] RMSE &
E(HSAA: M1 A9, BepAda M2 A9, skl M3 A9, &9 °0) (3} A= dEE
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¥E By, ymx A EXP1e vlwstr] 98 1 =¥ E ACCS RMSEY]
. &3l zonal-mean ACC X &5 wA43te] 3R] Z7]Fo] =W oS54l

A 9B BrhskaA s

112 14 271422 4549 53 A7) ACC, RMSE 4 A¥= 19 329 5.
EXP19] EWbF AA7]& ACC H#ke 0518 T2 Ao Hldl ¥ ACCE HIS.
EXP18] ACC &35 HH, FoprJotel Huloa vt oS A5 HAIL o= RMSE XA %
eSS, EXP1lA 2@ = FHO =2 RMSEx: 2@ #A] vlojojAz Holw, T
AP NME T8 dEbtE A9 5.
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HasA ol Ha30Eo] Ashd ko @, okt =9 e ® uEld(Thompson and

[¢]
Wallace, 1998; Higgins et al., 2000). 53], &= 7]°] 373t

HoES] 7] FdRy
SoRA AL SR A VIbE R g o® A H. olu, S e S uiE
FelA H=0 3 27 SRR HHer] Y einE TR Ao 23 Aee
Holn] E3X5A 45 42 ghs vebd. v, 5 7)Ro] AEstd B9 dlaH 7|9
BEEG mobd 559 3 7] &AgEol7h of3) Hal HuM e RS vk A oA
559 A7k 2717 SRR e H Sk A9l F2 Aes yEkdd, old
SaxlsAes 9 @2 7H (" 3-10).

o
o
4
4
'y

o warm,wet

.,
) e TN
m weaker

jet streams [l

stronger i,
jet streams 8

sonss. TRy \ 7 o "
North Atlantic Current Q 2 /K\,—a o /
e -
- ~__  weaker
-~ . -  stonger _ 7. tradewinds

=~ - tradewinds
o

a9 3-10. HHE WAUS: (@ 59 H543%F, (b) &

9] H=%%(Campos and Horn, 2018).

(1) B20EAS5 24 by
- NOAA CPC(National Oceanic and Atmospheric Administration Climate Prediction Center)

NA AFdte HF21EAT EANHEE 7IRECRE JRAS ARAAREE A&ete] BEaEEES

28kl o™ (Loading pattern; 1979-2000), 5-<91(20°-90°N)2] 1000hPa A9 % ofx-e| &
AHgstol A 3E 2 A w3 (Empirical orthogonal function; EOF) W& 3t ¥ H%%F
o 7z A Fob Agd

= T35t (Projection) HEEATE T3t H AL A52 A
.q

=
A58 I A5
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o6 % ATHLAIAN $TT foA eI aY

1. CESM2.1.3

- =3 https://www.cesm.ucar.edu/models/cesm?2

2. JRA55
- =X https://jra.kishou.go.jp/JRA-55/index_en.html
- FR7IZE 1996 119 ~ 2016 392

- G AA A

3. SSMIS
- ZXA: https://ghrc.nsstc.nasa.gov/uso/ds_docs/ssmi_netcdf/ssmi_ssmis_dataset.html
- R77E 1996 119 ~ 20169 39

B ERESE

4. HadISST
- =3 https://www.metoffice.gov.uk /hadobs /hadisst/
- FR7IZE 1996 119 ~ 2016 392

- 99 FA4Y

5. EN4
- Z*]: https://www.metoffice.gov.uk/hadobs/en4/
- FR7IZE 1996 119 ~ 20161 39

B ERESE
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