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1. M2
S A Foblled A5 BAHR HUT JUL AL Fad 1y BY
% ol 53] Sobalot AL Eeo] ofatalel A2zt Tfo]

|
V= ]X]“ E}Okﬁ} LR O]OHOM PI7t =gl 5o] A& H o] gith(Zhang e

Chen et al. 2004; Jeong et al. 2005). Zhang et al (1997)2 AlH|g]o} 117|¢2] H-5o
Ol5t kS AABFH S, Chen et al (2004)-2 El Nino/Southern Oscillation(ENSO)]|
st kS E A5, Jeong et al (2005)-2 Madden—Julian Oscillation(MJO)2] A4
Qb Bl ot gk AR vb Qict,

o
ko]

2009~109 AZoll= wi-¢- et etuprh e x&Eglon, v el 7t
717t &9t 715A 02 e wol Wl of2leh @Al disl =41 Al4=ef MJO<| <
T HE AH(Park et al. 2010). &2 S7F A= A SorAlof Ao et ks
Jhoko] deA QlaL, 7)ot A4S S4ol =S floll HA|shHs MJOS] $/do]
~3% BF Ut AR A7t S7kste Ae® dHA Sl=tl(Jeong et al 2008),
T 7HAl 270] 2009~109 A& qHap7h YeRd A7)0l 5515k Yk th(Park
et al. 2010).
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SH FotAlo} A|je] ghu} ik BaAa|A AE Ae] Bade] o we ATk
o]20{x ¢tH(Gong and Wang 2003; Jeong and Ho 2005; Thompson and Wallace
1998). Thompson and Wallace(1998)= =R1%= X7} S2fAof &2 A& 7|23 UH
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283 A S A Ve Aol FFE Al
Wang 2003). S%1& Al7F Al 2|0} 217|94e] E-54e WokAA TAsh= 12 9
5 A

ol et 24 %= A= A (Gong et al 2001). EJF =715 A2 H]

WA 3l M5 YER ™ (Gong and Ho 2002; Jeong and Ho 2005), Park et al (2010)
2 o2 F4F ol e di7] % ) ghuke] WY wlAY S P € 4 Uea
iz v 9,

2 34(2009/10, 2010/11, 2011/12) &<t SOk oS Z3kst

S 2y % 2 o
22 AL AT U, B9 Ll A h SO skl Funch v ke
2EZ FATUT, AT /| TIHES FURY F& Ago] BIoe] Lutsie] € o

oo

FQl 4~ Qlohar A|ekelar ith(Honda et al. 2009; Strey et al, 2009; Francis et al.
2009; Budikova 2009; Petoukhov and Semenov 2010; Overalnd et a/ 2011; Liu et
al 2012; Francis and Vavrus 2012), 8= 7|59 9% A 2 v HA o G243t
Haz s 55 7139 FF=o] AotEe Aoz ot th(Francis et al. 2009;
Petoukhov and Semenov 2010; Overland et al. 2011; Liu et a/. 2012). 3}A|qF 7|9
AAE R FHEFE 5= A9 2= Hse APgAom udshr|of B AHE 714
I SlHE 2 SAE A7 Bl 2 R 20 A iide 220 2k A e
o th=7] wizoltt, webA 2 Aol T A9 7] Wslef mhE JFE A4
2 HbgsE = Q)= A 7|22 0]83F A4(ART Index: Artic Temperature Index)S
5 A\e] gt vl0S Fo) FobAlofol LRt distel 3 A|e] 7|F
Astebe] AEaS RSkt

2. Xl=

E Ao ARESE O)7] AR+ ECMWF(European Centre for Medium—Range
Weather Forecasts)o|A] Al&st= A A tj7] AJEA 2= Q] ERA-interim AR 2 A],
G AR 7I7he 1979~201199] 8 RSt A Awoln, 27 A%} 1FE 15
X 1.5%]tk,

= Aol Lo W FopAlol ALH 7|50 oS AWET] ff8] = Ao A%
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AR 2% oheie] BRgrow et

ART A50ke] ulm B4 A T A9 st A4 sk TUF A5E
AFE3I5IE}. FAF A4+ Thompson and Wallace(1998)°] I3} Bl A2, He
A 20°N o] WBF S 719} opekele] that leading BOFS] 3 W) BT AALR
Hojet

2009/10 DJF 2010/11 DJF 2011/12 DJF

Surface Air Tmperature (K) Composite Anornaly (1981-2010 Climatology) Surface Air Tmperature (K) Composite Anornaly (1981-2010 Climatology) Surface Air Tmperature (K] Composite Anornaly (1981-2010 Climatology)
12/1/09 to 2/28/10 12/1/11 to 2/28/12
. .

uuuuuuuuuuuu

Sea Level Pressure (mb) Composite Anornaly (19812010 Climatology) Sea Level Pressure (mb) Composite Anornaly (1981-2010 Climatology) Sea Level Pressure (mb) Composite Anornaly (1981-2010 Climatology)
12/1/08 to 2/28/10 12/1/10 to 2/28/11 12/1/11 to 2/28/12
NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis

[a8 IF1]  Monthly-mean anomalous (top) surface air temperature and (bottom) sea level pressure in (a, d) from
December 2009 to February 2010, (b, €) from December 2010 to February 2011, and (c, f) from December 2011
to February 2012,
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71942 Aol Hm BUELe] AR A2 SR Folh F3EHA) Liehdh. 2009/109.8
20] SH% HE, 2010/11L ok 29 A% el °
375 Selo] A7AgS & 4 Gk ol FAFO

sk o 2A7E A8g elulad,

(a) 1979-2011, DJF (b) 1999-2011, DJF

[2® I-2] Correlation coefficients between the Artic temperature index (ARTI) with surface temperature during
DJF for the period of (a) 1979-2011, and (b) 1999-2011 in the northern hemisphere, The contour interval is 0,1
and shading denotes a statistical confidence at 90% confidence level based on a Student's t-test,
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[a8 3] Monthly-mean anomalies of (a) sea level pressure, (b) 300mb geopotential height, and (c)
(300mb-850mb) thickness regressed on the ART index time series during DJF for the period of 1979-2011, Shading
denotes a statistical confidence at 90% confidence level based on a Student's t-test,
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oF Aol =& FY(80~130°E, 35~50°N)9| A 7|2gt= HatsliA M2 A4
(EATI: East Asia Temperature Index)S % 2J5}3th ART Z|5=¢} EAT A= FA| Ak
o] 7P & & 7, ALl FAIF R Whdsial 93-S & 4= Qlrh SHANE A A
AolA ART7F A¥3e w7} EATIZE A PES wjioh A2l ez iAo Zst
U= o o itk ol& B4 S &2 ART7Z} EATIE A8st= 7

0.5 EAT: East Asia Temperature
( SAT anomalies
over 80E-130E, 35N-50N)

-0.15

AOQO index

ART index & :
i /

Barents Sea .

AO & ART Lead EAT Lead
(day) (day)

[28 4] Lead-lag correlation coefficients between the EAT index with AO index (blue ling), ART index (red

ling), and ART (barents sea) index (orange line).
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7HERR AR A BAZ AT S & 4 AUk ER SE Aeke] At
BAT A47h 9] AIZE A9 v o) e Abds ghe Holchrh, bo] A1zk A e
wkd o] wre ARG} S7H1A] 109 A1z Aeto] 91 o Hefgke FHm, 209744
Ao Wigat grom gAHh vz ol 7] W] u BukT 718 wate] Azt
Aol BAZ A, Gy Aol o] vz 9] 72 Aol Gl u] Fopalof Ae]

7120l gof ohwelh EsHA Uehe & 4 UEHaY 1-5),

_—

Arctic Lag
T = —10dy

Arctic Lead

[38 I-5] Lead-lag correlation coefficients between the ART index with surface temperature during DJF in the
northern hemisphere, The contour interval is 0,1 and shading denotes a statistical confidence at 90% confidence
level based on a Student's t-test,
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ART A|e}0] A7 E AR AL, Al SalA = A o] 5345 v Egl.
(3 I-1]oll Aok o] A=d 1979~20101 9] 7|3t F¢F S35 A9k ART Al A8A

G71 0,142 v g b LehbEd, ol 3%
eHe A ojuaith YEE PRAN JBHS AHRLS B 1299 0,292 71 2
GES Wol T, 29e] 0,042 7P WHE gEE Holi= izt Zol, 717ke] ufet Zol7} GIAIw
T

it
AN O R 11 gro] A7) ulite] FHF A0k ART A4k BYHOR Meks 982

i

[& -] Correlation coefficients between the AO index and ART index.

corr, —AOI & ARTI DJF DEC JAN FEB
1979-2010 0.14 0.29 0.21 0.04
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with AO index with ART index

[33 1-6] Correlation coefficients between the (eft) Arctic Oscillatioon index (AQI) and (right) ART index with
surface temperature during DJF in the northern hemisphere, The contour interval is 0.1 and shading denotes a
statistical confidence at 90% confidence level based on a Student's t-test,
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with AO index

100E 110 1206 130E 140E 1S0E IGOE 170E 180

with ART index

1Dﬂ[ 110E 1206 130E l-IEE 150E 160E 170E 180

| [ | |
-05 -04 —0.3 —02 -01 01 0.2 03 04 05

[a®8 I-7] Correlation coefficients between the (a) AO index and (b) ART index with surface temperature during
DJF in the east Asia, The contour interval is 0.1 and shading denotes a statistical confidence at 90% confidence
level based on a Student's t-test
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e AR G2 e AE, ol FUE BT ARTIL A2 SR WA AN
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ol F B0l Bo] mE WS Ao} glrh 22 elnlgitt, % Folulo} 49

pressure

level

[a® I-8] The zonal mean structure for the monthly-mean anomalous air temperature (shading) and zonal wind
(contour) regressed on the ART index during DJF, The variables are averaged between 0° and 130°E,
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[3B 1-9] (eft) Scatterplots between ART index and EAT index during DJF, (right) Monthly-mean anomalous surface
temperature composite of the (top) posttive ART index and positive EAT index, and (bottom) positive ART index and negative
EAT index during DJF, The contour interval is 0.5 and shading denotes a statistical confidence at 90% confidence level
based on a Student's t-test.
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[3& 1-10] The zonal mean structure for the monthly-mean anomalous air temperature averaged between 0°
and 130°E composite of the (top) positive ART index and positive EAT index, and (bottom) positive ART index
and negative EAT index during DJF, The contour interval is 0.5 and shading denotes a statistical confidence at
90% confidence level based on a Student's t-test,
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[2® -11] Monthly-mean anomalous surface temperature composite of the positive ART index and (left) strong
positive, (middle) weak positive, and (right) negative 400mb Artic temperature during DJF in (top) the northern
hemisphere, and (bottom) the zonal mean structure averaged between 0° and 130, The contour interval is 0.5
and shading denotes a statistical confidence at 90% confidence level based on a Student's t-test,

AAT 20| 4L ohiy] g5 B8] L& A50] 49 400nPa BId £
£ 71202 A 2F0 thro] BAST. 3 400nPaclq 23 71 Aol ek
A9(1std o1, oFak Aol Gl 90 ol Istd ofsh), & o] Y= A0 of3)
2 Ueo] B89 (2% -1 7 28] oiet AW 2w Hxel 4 725 e
Aole}, A%l 74 Aol Ueht A4S Balo] £ 45T} $9|E0] L= so] )¢
EelalA) Uehta, A5o] oFg Abso] Uit 49 $91E0] £ s7o0] UehfAg
AAo® ok o 4 9lth, Wh Ao L& s7o] UERt Aol L Aol
F2 o |ofo] RakEo] Uehta, F9JEo] whe-L ulg- okel] Lrepde, ol B2
o] A5at A ST AT A% LEO| Bk oj57L ujs- Fash 28eE oy
sk Aolct

16  APEC 7|SMIE




[ 238 2= HS0| 2= 7|0 0lxl= S

400mb ) 1.0std 0 ¢ 400mb ¢ 1.0std 400mb { 0

SLP

[38 1-12] Monthly-mean anomalous (top) sea level pressure and (oottom) 300mb geopotential height composite
of the positive ART index and (left) strong positive, (middle) weak positive, and (right) negative 400mb Artic temperature
during DJF, The contour interval is 0.5 and shading denotes a statistical confidence at 90% confidence level based
on a Student's t-test,
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[2® I113] Time series of normalized ART index (red line) and 400mb Artic Temperature index (olue ling). The

green bars denote the case of the positive ART index and positive 400mb Artic Temperature,
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[2® I-14] Correlation coefficients between the Artic temperature index (ARTI) with surface temperature during
DJF for the period of (a) 1988-1997, and (b) 1998-2010 in the northern hemisphere, The contour interval is 0.1
and shading denotes a statistical confidence at 90% confidence level based on a Student's t-test,
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(a) 1988-1997 (b) 1998-2010

Regresauon of ART on T(shading) & U{centour) Regression of ART on T(shading) & U(contour)

pressure_level
pressure_level

[ 1-15] The zonal mean structure for the monthly-mean anomalous air temperature (shading) and zonal wind
(contour) regressed on the ART index during DJF for the period of (a) 1988-1997, and (b) 1998-2010, The variables
are averaged between 0° and 130°E,
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[28 I-16] Monthly-mean anomalies of (left) sea level pressure, and (right) 300mb geopotential height regressed
on the ART index time series during DJF for the period of (top) 1979-1997 and (bottom) 1998-2010, Shading
denotes a statistical confidence at 90% confidence level based on a Student's t-test.
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(a) Artic temp. (70—90N mean) (b) diff. temp.
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[28 I117] (a) The vertical structure monthly-mean of artic temperature averaged 70°-90°N during DJF for the
period of 1979-1997 (blue line) and 1998-2010 (red line). (b) The zonal mean structure for the monthly-mean air
temperature difference between 1988-1997 and 1998-2010,
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4, z|Z(20004L 0|%) SO0} HE 2&2| SYE Hs}

A ekl upel obo} A% ol slo] 14 St Auelo} 1AIgke 1 P
b 3 ofskel Ao ool Sitk. el 23 20d 2t Alslelof m7IgHe 5ol
GoHS3L Sl AMelol Ao AR AR £ AN A A A
Ho)il 9ith(Jeong et al 2011), o]2]dt FALC & 2l 2| F 23} o2 mugy 9l yh=

S WAL HARAES AT SUSE WAL A, 52 0] S o7
S 712 ol TEER Ak, el @ 7b w8l D oliok 3 AU, olefdt
QA5o] A A7A0] ohd AeHel Weleht Holck, ALH st SsH: A
53] oAlof dhskel B2, ol chRe] B9 5 7RA0R AL ol ol F e

Ao FE A Yepdth, 1 29 A He] A 5]31 ALH et 22 5o
UL 55 7Htsi A= ¢F Eth(Hansen ef al, 2010), ©]= Qlsto] Fopalotel Hn|7t
AL ghukel Mo AR 20109 ASE A L%*'é—‘%”é o]F M+ AFH Bt 2=
7F Al HA R =2 ¥ th(Hansen et al, 2010),

EOV\]O} Ae =] 2 WS FeRE Ao A, 7 712 A2 SoroF A

co) 724 BAS AT SIBOR irolH ARuA WA, 312 A3 Aol
_1_7] QF(Siberian high)¥} &HAF # 7|9 (Aleutian low) 0.2 EAE= AHi15A g 7|9 =)
X9] 3%, el olo] SukEl FolAlol M1eje] BE ALe 45 olF = eslnl, A3
O A§ oo} HEE, e 9 gE Ao AX EAjst: At otdyl S AE
(subtropical jet)?] 73}, 1 & EA5l= A E(polar jet)d] A& el ksl &
Aol 73t 7]H(coastal trough)Q] etz Ae|dd 4= Ui 11-7).
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[38 1I-7]  SofAjot A2 23t IHE, ol¥E HEQS| BHNES LEHE 2AE

oMol Ag B =8 AI7IY 7 AAR AR & 4 Sle 8919 Ao}
719ke] Z(strength)= ThFRh aQlof o] ALd &b £33 AE W ¥HE
(intraseasonal variation)< X ¢ItHTakaya and Nakamura 2005), W- 5%l &J&t=]
Ql gl sl AJH2jo} 17]9Fe] vt 47 o o AetE S Wl a1 HAL
sh32) 27he $71709h @ Foilot Ao HHEL Aol WS, o|F Fof
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shit olrt, A1 7ol h2H, ASH(1~3%) S BFH o 8.45]2) T}
HAst, sotAoF Ag E 2] 7istel dA Wtk Wik ghutke] WAy 7kt
oMot AL E& o8 AHE A YEth(Jeong and Ho 2005).
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T2 AR s Aol ejE Y SiH 25 ol el WAsks 7] ahs] %
=, ofgdt) AE o] F ofF L AEHE A9 7] 59 IS WA Hrk
wheba] EHA aclof o) A Eo] 2A ] FeEug O o] w4 5= & &
ek, ol=et Ytk 7] s=e] BEAS e AFEEs W AW Madden
Julian 250 WZ o}dd] A E ¢ tfj7] —(_F—_ W3 (Jeong et al, 2005), A5H AEolA
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2912 Gt Jeong e al (20052 FAETH S5 WAL AuAS] Bt ATLZ
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[O8 1F9] E2 s x5 i M2 2™A X|EH 8M HF 2% (Stations where the composite anomaly

is statistically significant over the 90% significance level are denoted as large circle) (EX{: Jeong et a/ 2005)
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More inputs and less melts

Iz, 12,

[D8 18] sy 24 48 Aol Uetks A3 | 6154 Afo] 106210] i=giel, BA, RIBt 25 7|20l MY
7

28

0x

Would be, without snow feedback _ - - Criﬁcal level:
> e mean > OOC
&
Temperature ="
-
Snow Negative feedback Positive feedback

[23 N-9] RetAlot ZE5, Alel2lot KoM HEts 712-=He 2H 45 #stol| i3 2z

2ol et R ]2 Wate] 45 A%, aew nd Y 23E

(713 9]0k 22 Fehe] febrlol AHolA] 1L el Wake] 7] W

AAE) 2 4 Gtk WA H 7ol T A7k o

ofaf b} fEEAY, 2 7] 2oletil stelekE W & (freezing point)Heh
g

w9 ] o] 24 F7-eEel F7HE Bel A9A W2 HuE b e, ot it
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3 Aol Yhal 99 HEWOR Hgste] Lust HEE WA Hel A Hlee
245 gAEe] Ad F71kn Bt 7120] WA LE oHOR S Hi A7)}
S 718 Afolo] ool wEm, 2 FA LU Faol /1 3742 B L= FL

23] A A0 T ok F/4He 7|F B BL Fo o= A Aalo]
3 glouy, 54 A Bl wek AAs 2ARE ol

A7 T 2 2w 7o) AHA WARS Tefstgol), g e
o 7HIA RFE 2 Y- A7 71 sk el local 3| =U3} consistentdt %%
2 % 4 9tk Cohen and Fleteher(2007)] AXE MAUSE 28] 2w, 7123 §et
Aot =@ 9lo] Z7bhe Ao = AHskshe WA THrosshy wave)e] A4l F713k, ol
L 43 UK ATk R4 714 (breaking) WA 458 F9kE (polar vortexn) S
FAA7A Hik, ol 80 FUF AR 2 4 g, o]iE £9) gt A Hng
53 515, & thRAo] &9 FUF H(phase)S $UT 4 glom, o] BRI Hrhe-
A2l AR Ak A o] A713, A% 712 fetilol wHAe] FA AL 3o
AT AY, Z BT F 090 99 W2 A% HAeA B B3 g9 FAF
Apejd o) Aleloh 17190 FEE A e, 2t o] Hak A% coupling)o] F5HA| T

Aol ©J2F non-local ¥ =M T = 2 e fFebA|op A9 W] oj

¥0,
H @ & ™
Ar

ox,
N
-}
Q‘L
rir
P
o
U
ox
N
i
£

2-3. T FEE 0[S A3y AE o)

JA

27 o] 9] d7] U 7% IS 7] EEoll vidl A e® HAHE] Helsh= alY,
S, T A AE7E Aok w2 Aol ofErit, 53] Ay i A F(ENSO:
El-Nino, Southern Oscillation)®] &3}4] o]gl|7} S E|HA 67§ LA 197kX] 2 AlE
4 e sl && oS0l ZheslAL, ol 25 ol 37ME A=A A i =2
A& o Z(sub—seasonal to seasonal prediction)& 7FsolA| sFth SRR AlFA] Q=
o2 270 6kil) S S o] diat o7]e] Wl Z74 e e A ® o
sfeFoll A RH =] Qlom, 9 53] tiE Wi A oA sl 2o oJgt AE N
2o 278 o7 S AFHOIH LY MI-10),

1) o] H-& Jeong et al 2 “Impacts of Snow Initialization on Subseasonal Forecasts of Surface
Air Temperature for the Cold Season,” Submitted to Journal of Climate W82 dHZ izt
A4,
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APCC/CIiPAS MME Skill for 2m Air Temperature (1981—2003)
(a) JJA (b) DJF
60N =

40N

20N 3

0 60E 120E 180 120W 60W O

TCC — Persistent Skill
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-~ [ T T T e
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[a% M-10] 2m 7|27k =0} 170 2= o=(14 Clipass Model 2AHE) 71| 1981~20031 7|7 SOt ARIEH|.
OfFZ TS BA K| ofZ0| ABEAZEE(| Xjo| (EXL: Wang ef & 2008)

ueba] A dlSo 27HAQ a3 Asl & 4= Sl s 0lY] & A2
tjst IAo] AX 1 Ytk AA=H £3HAmbaum and Hoskins 2002; Baldwin et a/
2003; Folland et al. 2011), dl|")(Alexander et a/. 2004; Honda et al. 2009) 52| HEx
PR 717 WSl that BAlol /5, B8] AW 24 F A% 48 A40| o2
1712 (somi-arid) D% W Aol A o134 E AFT ASHL ATE 5 USE
A2 QIch(Koster et al, 2011; Koster et al, 2010b), £3| ALSH-EHZE o|ojX|&=
% Al (cold season) Fetol= Aot wAEH7E GHle ED} 25 S5 WIS

07 72t el GHS vE 5 9E Aoleh elA 9, olol T Cohen and
Fletcher(2007), Cohen and Jones(2011b), Orsolini and Kvamsto(2009) 5-& 243t

=dH AEE o8t A-FE AH 5 dSe &Y 7 dEe AASAH.

ojFA wH HHY 7890l F LA gl ek, AA Y ASA <

juy)
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a7} golsAon, ole] SHolAL wulel Arret w4l enon depth) A
2 H)ol e mk BA% Gk o2 AFstel o3 weE 7Y o
1

~—
o

(CMC: Canadian Meteorological Center
o wAbel 27|37} 7|5 2RE ol8% A
gy,

o] AolAl 71T o mAORL CAMI} oS EL}, B2 Hele] g 12w
= A A3 Y3t Hetoez AAE freeze—dry modification ®QH(Vavrus and Waliser
2008)0] A-&% HAS AFESFATH CAM39 AW L ZA|AE Community Land Model
(CLM)(Oleson et al. 2004)°] oJsf H431E=|, CLM3+= A w9 = 559 w35(4
0 55)or HARstH, Fofdl ofy] 9 AW zHo] weh uehe AFA, oS
(compaction), &3f(melting), & (freezing)oll &} 2t 52 Ho| ¥ Uk, o] 5=

’

wh A7k ikt ol = Hek

l

T F 7 AE, wAEI7E 2718HE AR s1ah 271371 §le A s20) tidt AE
hindcast A& o] AA =T} FZo] T&Zfo| AlFE = 1999~2010E 7]17F EoF =2 4
HOd~ol5dl 482 ez mis] 2t sfid d 1ol 607 & W2 371 d5=
AAslT}, S13F 82+= 27| 24, A 245 23T BE o5 27| FUsh, F
NEL] =/ eliwt Zpol7h Stk ty7] 7] 2712 F A E5F NCEP-DOE AMIP-II
reanalysis(Kanamitsu et a/ 2002) ARE o]-&5}to] of|= A|ZA )| 714 71718 16EFY
28] 9] tfj7] X}EE A& AR Amr 7HgskaL e 27 215 A6 AW

7] }—7494 tEH sl =S AAY R B 2RE AE6e 16%H AMIP
H A 221E oIS AR X]U:‘ 2oz ARSI ot St AE
HphE S0 dojil gk ARgs 2718ks) F=olTh &4 71kt
NOAA Optimum Interpolation Sea Surface Temperature(OISST)
V2(Reynolds et al, 2002) A7S AMESIY] o= A|ZA Q] anomaly”} 9= 7]7F 59 94

k= 7Hstel o5 717 E¢E ©] anomalyE 71$gtol Bske] AWSh= anomaly
persistent WS ARRE|A A2l

il

(2

{12d

off 1o m> P
o oot
o
Ho E
o
o m{w
r4r
rlr &

2
%
D
6=
fo
i

A& o] AMEE +Z10]= Canadian Meteorological Center(CMC)(Brasnett 1999;
Brown and Bruce 2010)9]| 4] A|3-3= +=719] analysis & A& ARSI} o] A=
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I, &= s/eil(snow-feedback) ZBO| T9|E, SLAIAI0F X% 7|SHS0| Ol st

WMOS| T U5, T3 w5 2EEA dofil wlo] ART T AR, 1998

SURE FA7IA] FHbt A ollA] 24km 9 SHER AFE0] i dojg S 2 A
AAA (grid) 2 HgHsto] ARgSIAT CMC AFRE WHl Q1% AR R ARgSl7]of ohA el
T B2 Atolel] EAohz HAE Aetetel B U WF4 BAE AAS] 913 anomaly
2A U (scaling) 2FU& HAISFIHH(Koster et al, 2011 i),

D: {

A

SAURE AH AEE ERolzie mEld ol8F 3 FEGnow lyer
structure) 7} th&3} & Ao g MAE Qo)

For 0,01<D=<0,03 : nsl=1, d1=D

For 0.03¢D<0.04 : nsl=2, d2=D/2, d1=d2

For 0.04¢{D=<0.07 : nsl=2, d2=0,02, d1=D—-d2

For 0.07(D=<0.12 : nsl=3, d3=0.02, d2=(D—-0.02)/2, d1=d2

For 0,12¢{D=<0.18 : nsl=3, d3=0,02, d2=0.05, d1=D—-d3-d2

For 0,18{D<0.29 : nsl=4, d4=0.02, d3=0.05, d2=(D—-d4—-d3)/2, di= d2

For 0.29¢(D=<0.41 : nsl=4, d4=0,02, d3=0.05, d2=0.11, di= D—d4-d3—-d2

For 0.41¢D=<0.64 : nsl=5, d5=0.02, d4=0,05, d3=0.11, d2= (D-d4—d3—d2)/2, di=d?

For 0.64<D : nsl=5, d5=0,02, d4=0,05, d3=0,11, d2=0.23, dl= D-d5-d4—d3-d2

o714 D= A £Z0lm], dn n¥A] £ FA, nsle 3 AL ol i
A (snow age)e] HIT HIE Gl WAR BE £ AH e okt YEE gerhy
ANSEL A B ke ARSI,

$3 29 A AREE vrehit, o

l [e]
FAH(climate drift) §lo] o= 7|7}
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= S1, S2 AN RN HA F A AEY 2% WA d54E Hlasto] 3]
o] 27137} Y AEgtel| nA= FFS AWAHoR AEdf Hokth A QS
Koster et al (2011) GollA AMEH R2 gk AHE-sto] 4H=5k9iTh, R2 #h2 AE HHtE
9] -&4/d(coherence)S HEHH= %/]:—C—)—E/\i, R2 %kol oS PE HHE0] oF A
(o] AgoA= =4l o8l sHA Be3e= Uehdth (18 IMI-12]94 = 29
7HA9] d|&Z o83l ZF 156U Bt ASHS %1’3}1, 9~10%, 11~12%, 1~29, 3~4¥

217} 717k9] B3k R2 3h ASET Stah s2 AW ALl o] R2 AjolZ vekilct,
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Potential predictbaility (S1 minus S2)
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a) SAF strength c) dALB/dSNOWC e) dSNOWC /dSAT
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o 7b e 7
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of AWuu ohiE o] L F2 L& W] 1 £y W Utz o
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S olth, webA] A go] A e, Auka o alY) 27]3510) 24 7)ozt
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II. & E|H(snow—feedback) Z20| 1o, ER2tA0F XY 7|SHS| O|X|l= Fe

oz BZog BEEE |7koR, (27]51%) £40] WA A1H0] o] S ¢ Bash
A2 ol Zol o AHALE slojelo] Aul s Msje] 2 AL FozH

= R
g R Z s yERe 4 Qo wEbA o] Al7]ole 2o digt w2iole] wi=
7SR o Ao, ool mEh A sS4 e] STt 7]ofele AR KAl

Predictability Gain (S1-S2)
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£ AkEste] S1 82 Afelo] AHE UEHH IH o R, A 27]ekE ST Al 549
F s et A 54l Bl s iolxl(noisy)?fF s o] A|ek, AR <l
SANA B2 Aol TEE. ole wAH 7Skl A% FA 540l dYiE
A SR ARE o ee BT A IS4 Aol Hig ¢l 27] 1~159)
Hat o539 ol vl WA U=, ol div] 271 239] o] oS x|
Aujzio]7] HZel Ao Holm, oSl ARgE t7] 7] 243 4H e Fxs|
E o ALk ]IS AR, HA S A 2} vRTIAI R SobAoF A GoA &
3] =2 oF 20% o] oI5/ FA7IAI YEUAL Qi olHe BiEE w30l 27I%E
3 et =gl FEE Roshe Ao RE Gl Y Ve 54 e
g = s & 5 A

e-Qh % w=w o]gfoli tro] 7H7l b2
F 9% o= §851 o8 4 92 Holet
] ket sfy A7) BARE olgo)
stream flow % 7Hg o] -8steh 2elA glet
(717 M5 S1, S2 43S Fof Qolal wafe) 27)8p] WE BA A% 48
o GAEAS eIt S o] Suchs A ow o Al Tdol Mg, o3 A
5| 4% ol& Faol WAL 712 oo vlaf ol 27ut & & o] F HA AEA
Z7h 3 et o)t i $3ho] B A9l EntE Holu], 7|2 dZo] %3k
AN & 54 Faol et BFol ekt

Koster et al, 2010a).
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Potential predictability gains for soil-moisture
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I, & =/H(snow—feedback) E20| D=, ER2IA0} X|Y 7|EHS0| O|X|l= &t
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Time series of Ice coverage [7O0N~S0N]
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719} ¥ 9jEl(Thompson and Wallace 1998; 2000) 0.2 AoJalglon B2 25S et
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A+ A Dol v|ste] 2~3ujjo] o] 2t eF M 1= per decade, Johannessen et al.
2004), SAY 2d3t= s s g e MskE 4o Bk ofy2K(Goosse
and Fichefet 1999), Z=o} A 719 2= AEE Fof tf7] tiedhol= JaFs &
(ACIA 2005), Thefst ™= A}#(e.g., Chapman and Walsh 2007; Monaghan et al,
2008; Steig et al, 2009)9} -] H¥HL o]&3t Al E(e.g., Holland and Bitz 2003;
Hall 2004; Serreze and Francis 2006)¢] =A|4} 2Usts HojsEal QIx|qt 1 WAy 7]2F
o G olshs obx BE3 Aol

A AFELS TRk AZE Fiof A G WEA(tropical variability)o] A L4t}
9} o] qlchar B a1skal utk(Ding et al. 2011; Lee et al, 2011b; Schneider et al.
2011), AR 2dste] oixAd ETA 7|ZQ]  surface albedo feedback
mechanism(Budyko 1969; Sellers 1969)1} &2] g% HFA o] &AH] 1-5(Rossby wave
train)& YO7]1, 350 SAY o] tf7] w2} Tof FHkE A HIE S
2% 2u3slo]| 7|od5HA| E T}, Tropically excited Arctic warming mechanism(TEAM)
olgfal: E&]+= o] 7|ZHLee et al 2011a; Lee et al 2011b)S A& 72| 157} ZAH]
TE A7l F08 B St T R} AR BEOR Tejslel AHoR e
A 2w sgo] S AAEIT FAoRe] dee Jofsin, M2 AR e

N2 w7 GE Rt 2o oE AN A 95 Rl
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Madden—Julian Oscillation(MJO)2 7] <21} 744, & 59| 40~50¥9 F7]=2

* Center for Atmosphere Ocean Science, Courant Institute of Mathematical Sciences, New York
University,
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MJOY] YA Wheeler and Hendon(2004)1} Zro] 872 L R o Q3AF 1(YA) b))
AefEE A9 i da(F7hel sigstct.

71 W45 European Center for Medium Range Weather Forecasts
ERA-Interim reanalysis(Dee et al, 2011)7} AMEE It ©57] HEAS FE317] Y3l
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27] ¢J3F Mean Meridional Circulation(MMC)S WrEo] =X|H} &% wH3}o]| 7)ottt
(Yoo et al, 2012a), 914 5= RIH =2 9% 60% oA &9 S7F5 HolH, &5%5%
ESH o] FElE HolEr) o]9F S EP flux®] W= tjFE planetary scale wave
o] Wzlof| w2 Z o= MJOQ] tFo 93t 213 & Q1 Ato|H, synoptic scale wave?]
o3t gk Al o2 ZthH(Fig. 8 in Yoo et al 2012a),
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Feh2 Helth, o|at Wakh 54 (5)9 2% gt FEY Jlolz 45T 5 Ut
oS Sol 2% olFeh T s1ATe el qata AF(ALM M) dafdr ) Ay
B8 AR of ofehd shaate) WSk 1) Bl HAREes A4)e) Wbt UA
o[BI, 2) L% ORG-S o] YA oR 2 7|o1S su, 3) vlesral tAgel
HIEHY 9P AEOE Zlof7k AXE, Yoo er al (20122)9) Fig, 591 Ho|Eo]

T2 By FolAE oot ZE A 7|2 SIS 4 Tk Yoo et al (2012b)2
GFDL9] dynamical coreE AF&35}9] initial value problem= &%t} o] A9 AH S
MI0S] A 5ot I Ao W LEote] QluliAE Kus] Al 4 glow, 3 Mo
ol gt = Ao W &= WSS AuE 4 ke Folth (S AR dEe
o2 MIO 940 4lo] 918). TS WI0S| B3 o] Tefex] gt AT} 7]
X% o] moist physics7} iﬂiﬂxl okth= dolot, AAlRt A HH-2 Yoo et al (2012b)
9] Section 29 g = o] U},

[19 V-5l MJOSH &2 Pk tifrh ot $of &EW 2= Weket 300hPa
geopotential heightE Ho|ETh & 590 MJO YA 5 Tof= 9F9] Pacific/North
Amerlcan(PNA) teleconnection ¥l 0] E*ﬂﬁ-ﬂ{ =+ A9 W 57} 275t YA

o]= MJO YA} PNA
—r]/:} = .,_/_\j‘o;_]- Johnson and Feldstein(ZOlO)QJ A3to} A= ] shy, 35 MJO A}
S Ao me L) WakE oA B9l B Axele UXTT Sweh 23] wabt
Iz)Hbo] o]2 A7F oF 10Y AHEZ o)A Aol Aol ¢ x|3cHHoskins and
Karoly 1981).
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V. MJO7} 2| HHRZ| == g3k

5. 2E

7] h3HS olalists ] 9lo] dr A1} HlgE A9S YRe AL $olsiT)

ol=H|gL: x]Yo] & Y HeF 2% ZHE = 2Ql&| baroclinic eddyo] 2J8l A|H]%E+= Ao
i, A= A9 il o3f 7] EHE—?}O] A4 %7] flZolth(Schneider 2006). }HA]
o o1l 19} of o]8 AT BFel, WE A5 HIUE AL o] 2R
T ok 9] Aol & 4= SRl Ek HEA QY HIte AN 2d3tol| & 7]l E 3tk
¢ A+= E3] @) (intraseasonal) A7 FX.9] leading mode?l MJOo| tjjsf] A &
At MJO A 12 1~25 Fof| = A tﬂ 54 A doy|H, dig2 QA 5=
2 9 B 2RO Z7E oET, oleld &5 WSKE R €d g o
o]t T 7HdE 3l olFoldE BS ZHE'-Q} A 2 ANE Fof AuETh 8
g FAHE Yol 4

& B 0|2k 22 MY Z| o] 2 AL 7 HAHe.g., ENSO)
oItk ApAo|tHDing et al 2011; Schneider et al, 2011),
MI09] S iR e Aol ozt 4FUAE BA 4 ek, 1 oz A2
o 7} Sudden Stratospheric Warmings(SSWs)2] ¥ Wl o= g3k w]3
4 okl B askal QItH(Butler and Polvani 2011), 0]+ 2 Ao A] AFHE MJOL} =
Aoz Agste ZAn] go] Aer) Ao 293t 9L & 2 9SS AAH

E3F 9 Ao =MI0] FAEE Fo B HELTL =
A EQIT SHARE H A YollA = MJOSE B ©@g7] WEAol ot
(Yasunari and Kodama 1993), o]= dx HEA3} = 2o HEA] 9] AMtAo] shA o}
T AR 54 Aol ofole B 4= &2 AlAlG]
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o, WE YA Yl F& PGS FE ol AFH oz Y Eo| vt 1 23} 1996
ds A2 SAY sHt AS5HM 2F w27t © ol HaskAl @A =3t
(Stratospheric Processes And their Role in Climate/Chemistry—Climate Model
Validation phase 2(SPARC/CCMVal2), 2010),
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Hep gatA oz g4 o A7he)ol LEF o HY 95 she = A4S5E 75 (polar
stratospheric clouds)2] HAS 57| W&Eo|th(Solomon et a/, 1999 #al). [18] VI-1]9]|
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o 7P7he- laoll BlEE Aoz of2g s k., Mokt Sl% Lt wynid A,

st gk olo] web Ame] wHs ASM T ga o= oyHEr
(SPARC/CCMVal-2, 2010),
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[# VI-1]  CMIP3 models used in this note, “Y” denotes the models that prescribe time-varying stratospheric
ozone (EX{: Son et al 2010)
20C3M A1B
Model Name (1960-1999) | (2000-2079)
CSIRO Mk3.0 2(Y) 1(Y)
GFDL CM2.0 3(Y) 1(Y)
GFDL CM2.1 3(Y) 1(Y)
INGV SXG* 1(Y) 1(Y)
MIROC3.2(medres)* 3(Y) 3(Y)
MPI ECHAMS/MPI—OM+ 4(Y) 4(Y)
NCAR CCSM3.0" 8(Y) 7(Y)
NCAR PCM1* 4(Y) 4(Y)
UKMO HadCM3* 2(Y) 1(Y)
UKMO HadGEMT* 2(Y) 1(Y)
GISS EH" 5(Y) 3(Y)
GISS ER" a(y) 5(Y)
BCCR BCM2.0 1(Y) 1(Y)
CCCma CGCM3.1(T63) 1(Y) 1(Y)
CNRM CM3* 1(Y) 1(Y)
GISS AOM 2(Y) 2(Y)
IAP FGOALS—g1.0 3(Y) 3(Y)
INM CM3.0 1(Y) 1(Y)
IPSL CM4 2(Y) 1(Y)
MRI CGCM2.3.2 5(Y) 5(Y)
[® VI-2] CCMVal-2 models used in this note (EX: Son et a/ 2010)
REF-B1 REF—B2
Model Name (1960-1999)  (2000-2079) References
AMTRAC3 1 Austin and Wilson [2010]
CAM3.5 1 1 Lamarque et al, [2008]

CCSRNIES 1 1 Akiyoshi et al. [2009]

CMAM 3 3 Scinocca et al. [2008], de Grandpré et al. [2007]

CNRM—-ACM 2 1 Déqué [2007], Teyssédre et al. [2007]

E39CA 1 Stenke et a/. [2009], Garny et a/. [2009]
EMAC 1 Jockel et al. [2006]

GEOSCCM 1 1 Pawson et a/. [2008]

LMDZrepro 3 Jourdain et al, [2008]

MRI 4 2 Shibata and Deushi [2008a, b]

Niwa—SOCOL 1 Schraner et al. [2008], Egorova et al. [2005]

SOCOL 3 3 Schraner et al. [2008]

UMETRAC 1 Austin and Butchart [2003]

UMSLIMCAT 1 1 Tian and Chipperfield [2005], Tian et a/. [2006]
UMUKCA-METO 1 1 Morgenstern et a/. [2008, 2009]
UMUKCA—-UCAM 1 Morgenstern et a/. [2008, 2009]

WACCM 4 3 Garcia et al. [2007]

110 APEC 7|SMIE




[ VI-3] CAMS sensitivity tests (EX: Polvani et a/ 2011)

Integration Ozone (yr) SSTs (avg range) CO, (X107
REF1960 1960 1952-1968 317
OZONE2000 2000 1952-1968 317
GHG2000 1960 1992-2008 369
BOTH2000 2000 1992-2008 369

dik 2F 0| IS 7] izt olxl= St
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Highe] A7) Wsks HojEt, olF BYPES & &9 Aty dehE ApAlE] 1

4 0z0) FAT ULE ofF ¥ mAelT Tk

917] W] A 40W7F Y=
VI-3a), £&9] 7= 1097 oF 50hPa A HolA 71 & IS Kol
A AR o 4 Aok 229 o] we g s e

O
£71%) 745 Wrke BRI VI-3b), ol d Lxo] sl oz

Ar
o

& & g A= AXE FaL 2AseH], ol shE Aol FAbl gt Azt A=
(time scale)7} /FF3] AL = 2= (polar vortex) 2] T whE &J3H4] 7tgo] &.F &9
Ot BAR Wzt RS sl vhieo 2 f5Hoh o714 3 7] S83% 2 Loy

£ 25 YSUWIA FAR0 oI Mok Hts ol o

g, Ol 1‘%‘101]*1 ki 7}11 %ﬁfﬂ Zﬂ% T8 HF’*«] 7?*01 401]‘4

T o
SRS Aol o AT T B

L REESL

9] ohegke AHgoR v ¢ LS o

111




——————————————| 2012 Young Scientist Forum =2%|

(@) [Oslso-ess trend: 1960—99 (b) [Tleo-ses trend: 1960—99 (¢) [ulr-ses trend: 1960—99
0 20 20 1

2001

500 5001 ()
850 850 8501
1000 + 11000

J ASONDUJFMAMUY JJASONDUJFMAMUY
Month Month Month

Pressure (hPa)

[a8 VI-3] Polar-cap ozone concentration, polar-cap temperature and extratropical zonal-mean zonal wind
trend from 1960 to 1999 as simulated by CCMVal-2 models, Ensemble mean trends which are greater than one
standard deviation of inter-model difference are shaded in grey. Zero line is shown with a bold line, In the x-axis,
starting month is July (EX: Son et a. 2010).
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[a3 VI-4] Zonal-mean zonal wind trend in DJF over 1960-1999, Deceleration (acceleration) is shown in red
(blue), and climatological wind is shown with thick contours, Contour interval is 10 m/s and zero line is omitted
(ZX: Gerber et al 2012),
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[a8 VI-5] Multimodel mean trends of the SH summer circulation as simulated by the CCMVal2 and the
AR4 models, The mean trends and 1 standard deviation error bars are shown for (a) September-December(SOND)
50hPa polar-cap ozone, (b) October-January(ONDJ) 100hPa polar-cap temperature, (c) December-February(DJF)
tropopause pressure, (d) DJF jet location, (e) DJF Hadley-cell location, In Figure 5a, ozone trends are not shown
for the AR4 models with time-varying ozone as they are neither archived nor documented, In Figure 5b the observed
temperature trend near 70°S for time period of 1969-1998 [Thompson and Solomon, 2002] is shown with a cross
for reference, In all plots, multimodel mean trends for the CMIP3 models with high vertical are indicated by triangles,
Note that negative trends in Figures 5d and 5e denote poleward shift in westerly jet or poleward expansion of
the Hadley cell in the SH (EX4: Son et a/ 2010).
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[a& VI-6] Trend of (left) precipitation, (middle) evaporation, and (right) precipitation minus evaporation over
1960-1999 for CMIP3 models (top) with and (bottom) without prescribed ozone depletion (£X4: Purich and Son
2012).

115




2012 Young Scientist Forum =2%!

4, E9

4 W& 715 Y PAE BatS EE 71T Aotk BYolA &5 e
= 57 29 A9k 23R ¢ A9-E dee mlast A, o7]dls & WAl
olek, vl zt7te) myol A AT U Be] o] A TETH: Holth, mySe] mE
Azt710l 2% Wyt 242 haA) mAEl) 9ly) ] w3 25ke) Aol &
&% o3t Aolzk e 4 girk,

a: ozone forcing [2000 — 1960] b: polar cap T response
¢ " @® OZONE2000 - REF1960
—_ ® GHG2000 - REF1960
E . ® BOTH2000 - REF1960
g 2r % 10
% 0 ® .—.—.—.7 % 0
§ ¢ ™ L4 ¢ § °®
g_z— d g 75;_10— ‘
5 . H
-3 -15
J J A°s OND J FMAM J  J AAS OND J FMAWM
c: SH jet response e: Hadley cell edge response

IS
~

@
)

S

g

g =

) 3

& 2

S 1t = osf

8 £

5 S

0 3 0

£ 5

5 S

§7 n

2 > -05¢ *®

c IS}

9 =

5 ol ." s 4l

@
-3 -15 ®
L B

J JAS ONDUJFMAM J JAS ONDUJFMAM

[a8 VI-7] Ozone forcing and its impact on stratospheric polar-cap temperature, extratropical jet location
and Hadley cell location as simulated by CAM 35 (£4{: Polvani et a/ 2011),
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[a& VI-8] A schematic representation of the impact of stratospheric ozone loss and recovery on the
tropospheric circulation in the SH summer, Changes in the extratropical tropopause height and location of the
westerly jet, storm track (and associated midlatitude precipitation), and the poleward boundary of the Hadley cell
are highlighted (&X: Son et a/ 2010).
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[a8 VI-9] Time series of (left) DJF and (right) JJA-averaged Hadley cell boundaries: (top) total width from
SH to NH, (middle) NH boundary, and (bottom) SH boundary, Hadley cell boundary is defined by the location
of zero value in 500-hPa mass stream function,
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