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Abstract In recent several years, East Asia, Europe and North America have suffered
successive cold winters and a number of historical records on the extreme weathers are replaced
with new record-breaking cold events. As a possible explanation, several studies suggested that
cryospheric conditions of Northern Hemisphere (NH), i.e. Arctic sea-ice and snow cover over
northern part of major continents, are changing significantly and now play an active role for
modulating midlatitude atmospheric circulation patterns that could bring cold winters for some
regions in midlatitude. In this study, a dynamical seasonal prediction system for NH winter is
newly developed using the snow depth initialization technique and statistically predicted sea-ice
boundary condition. Since the snow depth shows largest variability in October, entire period of
October has been utilized as a training period for the land surface initialization and model land
surface during the period is continuously forced by the observed daily atmospheric conditions
and snow depths. A simple persistent anomaly decaying toward an averaged sea-ice condition
has been used for the statistical prediction of sea-ice boundary conditions. The constructed
dynamical prediction system has been tested for winter 2012/13 starting at November 1 using
16 different initial conditions and the results are discussed. Implications and a future direction
for further development are also described.

Key words: Arctic sea-ice, cryosphere, initialization, seasonal prediction, snow depth

1.M B SR T M I R R L I

273 =3k 53] Wskslar glk (Bhatt et al., 2010;

FA171 Eo AT ojH A HFHT} F479] Screen and Simmonds, 2010) ol#|3 Hal= 715

ogdom o2 <l eAEt FAHALH A F3HE Aol oyt HU a9® S 2 8

xCorresponding Author: Baek-Min Kim, Division of Polar  AHAE 2EHeR vHroTtaL 9o, dTE

Climate Research, Korea Polar Research Institute, Inchon = 8HH1 oﬂ u;]- a}/\] o]. B 0.74— :L]_jq Z,’: B2 =

406-840, South Korea. ZzEo] Hylsh 7re] ol7k| A% Al7hat ‘?]TE—% 2
: +82-32-260-6226, Fax : +82-32-260-6185 q , ) oo N o=

il : bmkim@kopri.re.kr HA oz st At o]o B AHIIE =4

73



74 7+

i)

WA xz1E 488 A
o2 553 71597 9 AEA wstel i A7t
A7) Eo] 23] JYH St

B0 349 2dstE P & UehiF

Northern Hemisphere Extent Anomalies Sep 2012
aoF : : , ; .

o
o~

-20 -_

-40 ;
| 1979-2000 mean = 7.0 million sq km

1970 1980 1990 2000 2010 2020
slope = -13.0(+/-2.9) % per decade

Fig. 1. Monthly time series of Arctic sea ice extent for
September. Arctic sea-ice extent is calculated by the sum of
the sea-ice concentration above 15% (National Snow and Ice
Data Center, NSIDC, http://www.nsidc.org).
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Fig. 2. Monthly-mean sea ice extent map for (a) October
and (b) November of 2012 and (c) daily time series of sea
ice extent in 2012 (cyan). In (a) and (b), pink line indicates
climatological sea-ice extent for the corresponding month.
The red open circle in (c) indicates the sea-ice extent at the
time we starts forecast. Adopted from National Snow and
Ice Data Center (NSIDC, http://www.nsidc.org).
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= AxE Y, d4F (snow depth) &2 HAdHAH
(snow-cover)¥} & E= W 49| Wslo|t} (Fig.
1, Fig. 2). ¥ Q49 WHale 7|$Hsle AR
(indicator)ZA1 9] F 2% ofg} 1 W3yt da-
YUH| = (ice-albedo), T-LH = (snow-albedo) ] =Y
(feedback)ll <J3l t}7]<] WslE FTEHethe oA
H AN & F5E B Tk
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ofve} sy WA 7o) wel S 55U 7
717 AEZR Sl g8l F9% AQog Ao
Aldlglote} e 54 Ao A7 W AMHAS
2712 2= 9l (Ghatak ef al, 2010; Liu ef al,, 2012).
F7HE AHEolA 9 e] A WA S ©ul EALE T
S Bol Ao 2N A RE FH3] WHAI7IAL,
Aldlglo} 3719 Zdssl] AWl FolAlof AE
w9 Z3ls zAET} (Jeong er al., 2011). EFF,
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g9ty 548 WsIIE 9 ol9d= =R
7] AAger Zgate] FJ5A Azte] A o
7] g FAN= 98 st A, AskE o
7] s ALH S35 94 2 A=E s Z
= QAo LR 3L t} (Cohen and Entekhabi, 1999;
Cohen et al., 2001; Cohen and Barlow, 2005; Fletcher
et al., 2009). ©|¢} A-Hste] Ftweo] AL E<o] A
T 7HE AElel X Ad Al A 9
wom ek 4FE Sokxe] Fxeo gid I3
o] §1del <&l i gtute] Awrt 2AEE AP
oA ®<l v} It} (Jeong and Ho, 2005; Jeong ef al.,
2006; Kim et al., 2009).

AZAPY 78 AFE s 5310 2AAYd 20099
7HEE e 75, AElol B HE5E FAHE TS
Al FAdo] wAsle] A o] Fde| vz Wi
Zlom ol & Qg Alglol a7|gke] JA4 % W, 7
Heg AGAQl a5 Wbl iR BAA IF
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A3 e FA 27185 EE A ESS A
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B4 zgolt). o] A5 e Al 7T B4 Ao d

FBAE - AR - AT

A&7 75
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£2l Japanese 25-year Reanalysis (JRA25) & &A| A
A7A ek A8 2A Fol AR EsHA| Al wet
TAXNZTO R ARGEAA A4S AF3aL Uk Al
FAztg) ARS-E Bde] £ YEE T106 (73 oF
120 kmpe|H, AR 2= 4652 ARESITE 53], ICDAS
= AlIAIZ1°3717+ (World Meteorological Organization; ©]
3 WMO)EFH Qolxl dEATS ikt 3 7]
7t BEAES} FAEEIFAS (METeorological
Aviation routine weather Report) 52 A5 E #4135}
of AbEnh. 53] AAMRxe] AAHSH A4
T4 71 ASAETE w5 2FE, A5
of g 77k ALAEREE Sty d8A AUt
(JRA25 technical note). ¥ <A-olA AHd 7|3}
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(Community Atmospheric Model Version 3.0; Collins et
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o] 719 B4R ejet A oSl o] Fwg 8l
A2 ddEct CAM3+= A 29 (land surface
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detal zh w59 el Ak g Wttt = S
o] e AT 7o §8 ol e T =
2 & =HH, 7+ Fulitk Fo vel, & &9 &

Atmosphere, Vol. 23, No. 1. (2013)



~
(=)

ol)lt
o

O T )

7t A E o
(2012)°1l H%EM E}

A4 A5S A 2l st A4 275t &
= 71dsh7] s = 58 BAAGAE AR R
gt ol RdolM mejshs A dA a5k

Alele] Bdgh, 223 WEA Alelo] 2 ol
A7) el oleiet zolg w4 glol A4 =
9ol H8T 35 271508 & Yet 29 15
oznY 2 Fol7} glo] oﬂ% 2710 348 =y

IFe = AH FHo2 FHIE 7% EF (climate
drifty@ el JepA =, d]ZA]*EJOﬂ of S}
obd QFA F4 (impact)yS T/ =Hol A 2

A 2Ee] o =4S A5 Do) o]gd SRS v
A5t7] fJ8 - AoME 71FEdd EYTE (soil
moisture) 2713} WS Agste] A oS0l &

3171 9138 Koster er al. (2004)0] 2ZFst 21773} W)

He AT o Were 45 A dZel o)
98 EF 18 27)sle) T YEAS B

A8 =AZHo=Z F3PE GLACE 28 (Koster et al.,
2011 M = AH8-E ) 9l

Fo_}_:o F 1_:”1
o(Fy)  olF,)

0471*1 F= AA%E, ol A& m& 29, o
o FaH } :11341 &L 71FUE ¢
< A3} (normalize)s}al
? oAl 2dlo] Hits Eioh
qxl_ﬂ. T2do] ROl 7= Eig-a—
kci zA st WAolth. wEkA 9]
wdoAe] 7153 mde] vEA
%—ﬂz}a: Talof gtk o]E flal A5 @
= o e s AARTNOE 1979919 14
FE 20119 12€ 3197EX] AMIP (Atmospheric Model

Ot' e
2o ooy

(g, 1

l

He

CUL s

Intercomparison Project) FEN] B9 ZE-S A3Y 3}
Fegatsict. olwf MRS AAZRN A5= I+ e

2] AlE (Met Office Hadley Centre)l|A A|&-3l= 3l
T2} sYEE AEelth (Reynolds ef al., 2002).
383 oj 7]

gh=7] A234 13 (2013)

e B

719 BB dE I TAA FeldS gE3)
71 9130 §7le] e WHE AT HHE
HE NCEP R2 6X]7F 7H4 AR5 E-83le] A2 E}
2 87H«1 7] 27138 o83t A &
o] AL 197935 H 2012Lﬂ Alo]€] JCDASOI A Xﬂ—e—
Cla= é“é%k 4 A52RE 7S5 ETUAE
s olgA Aol HAHF AHAE A4}
ste] 2713} oA AMEsHAl Hh

2 Aollx akE A4 273 e §- 5 (2012)

950 s ol S e uma P37

HbH o 7 Ok ~4 -47(}
S Helt ol B Ay &
2 A4 U A Rofshe CAMS3
ot} g2o] 7|15 mdox dutr o=z HA
0] HSHT A ReJdthe AMES o 1
H# Ut} (Hardiman ez al., 2008).

L HYssol

oy

A

Z713kek HEo] A-CS Al
1': rHeEe) Y EEE A
galojol gt} ek 2RtE ks gy
AARRE A2 A2 sgsie v AR
7} Mot} B ApolNE Aol £ Aol ut
£ NOAA Optimum Interpolation (OI) Sea Surface

=7

AAER

Temperature (SST) V2ol A A|g5l= siFH 229} 3
WEsEE ARSI, ’5‘H—r”d%5t H 4 34

ARE A YR A4S A2 9 F7 AR
o A2 959 Ha Ang S0 g,
w7 Fig. 3 Y EwE o S5k woﬂ a@ =
}\h:o]q. D—]xﬂ 7]-;(} ﬁ:Loﬂ =
%= (Fig. 3(b)e] A %EO
11%5 A Fo) 5y

[e]

o‘_‘.,r

mlm

*éfi JMOH 1 7]
B w2
23 2EE 119 He s
kg3 2007d5H 20119704 1
Aol B3t (95 o145l 12°JHE1
Ho7b He 3974 93] 55 A3 A OFL goqL}
7} 2 AL EEE A 5= AlS ALEE)
Gtk A OHH],/] AR HE o B zqoﬂq] A=A
LT GEHE YERHA X < ey 2
29 thE si<lel vl =-7}e}sl (Barents-Kara sea)2t
A 2)8f (Chukchi seay= = W] sflod=} &2 Ad ¥

LIFM

7

53]



Extent (millions of square kilometers)

- ARS - HEA 77

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

20112012
2010-2(

2009-2010 —
2008-2009 —
2007 -2008 - -

1979~ 2000 Average —
+2 Standard Deviations

National Snow and ice Data Center, Boulder CO

1 L 1 L

Oct Nov Dec Jan

Fig. 3. (a) Sea-ice zone (SIZ) is colored by blue. SIZ is defined as the region occupied by sea-ice concentration over 15% at
least once during 1979-2011. Permanent Ocean area is also defined as green. Hatched area indicates Kara-Barents sea. (b)
Schematic representation for the prediction of sea ice concentration by simple relaxation method (See text).
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Fig. 4. (a) SST and sea-ice condition for October. Note that the SST and sea-ice condition of October is only used for the
model prediction. (b)-(f) Statistically estimated SST & sea-ice boundary conditions.
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Fig. 5. Scatter plot between sea-ice fraction and sea surface temperature (SST) over the Arctic north of 65°N from October to

March in the period of 1979-2011.
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