www.apcc21.org APCC RESEARCH REPORT 2013-03

o Y
°®
°® ® o
°® °®
° @) °®
® ® o 0 o
@)
®)
® Y
o NAPCC o
. APEC CLIMATE CENTER
® o

RESEARCH o
“e, REPORT ¢

APCC

APEC CLIMATE CENTER



PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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ABSTRACT

The Arctic Oscillation (AQ) is well known as the most dominant mode in the Northern Hemisphere.
AQ is one of the factors which affects the East Asian winter monsoon (EAWM). In this study,
we examine the predictability of winter AO using seasonal prediction models from the APEC
Climate Center and WMO Lead Centre for Long-Range Forecast Multi-Model Ensemble. Also,
we show whether or not the climate models can predict the impact of AO on EAWM.

To represent the prediction skill of climate features in the boreal winter, the climatological
means and standard deviations of sea-level pressure (SLP) for observation and individual models
were compared. The observed climatology shows the Siberian high and Aleutian low around East
Asia. It is the most important pressure pattern which determines the intensity of EAWM. The
temperature over the Eurasian continent is relatively cool due to the differential heating between
the land and ocean. The anticyclonic flow at the surface, which is induced by the Siberian high,
leads predominant cold temperature advection in East Asia. Each model has biases from its own
systematic errors, etc. There are positive biases in the Arctic region surrounded by negative
biases in most models. Other models have dominant positive biases. In the observed monthly
variation during the DJF season, there is more than 5hPa of standard deviation in the North
Pacific, Tibetan Plateau, and between the Arctic and Greenland Sea. This means that the monthly
variations over these regions are relatively large. The ranges of standard deviation for most of
the models are similar with those of the observations, but a few models differ. The variations
over the Tibetan Plateau are smaller than those of over the North Pacific or Greenland Sea.

Observations and models represent the AO mode as the first of the EOF modes of wintertime
SLP over the Northen hemisphere. The observed AO explains 25.2% of the total variance, however
the models have much larger variances than the observations. Models can predict AO patterns
for not only the annular mode of AQ, but also the three centers of action over the North Pacific,
Arctic region and North Atlantic, as well. While only 5 models have significant temporal correlation
between the observed and simulated AO indices, the others cannot predict the variability of AO
indices well. This means that current seasonal climate models can predict the AO patterns but
not the sub-seasonal variabilities of AO indices well.

Thus, the 4 best models were selected based on the PCCs (pattern correlation coefficients)
and TCCs (temporal correlation coefficients) for the AO patterns and indices. The first mode
of the EOF using the best models’ MME (BMME] explains 47.5% of the total variance. However,
it is still around twice as large as the observed variance. The intensities of the centers of action
over the Arctic and North Atlantic are weaker than those in the observations, while the intensity
of the North Pacific is similar to the observations. The TCC of the AO index between those observed
and simulated by BMME is 0.70, which exceeds a 99% confidence level. The PCC and TCC of
BMME are higher than not only the mean of the prediction skill of the individual models, but
also the mean of the skill of the best models.

We then assessed how well BMME predicts the circulation features associated with AO by
regressing both the temperature at 850hPa and zonal wind at 200hpa onto the AO index compared
to observations. The observed regression field shows the opposite temperature corresponding
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to the AO phase over Eurasia and North America. BMME represents these features well but
the magnitudes are smaller than those of the observations. The jet stream over the North Pacific
is weak associated with AO in both the observations and BMME. The weakening of the jet stream
in BMME is also smaller than in the observations. Nevertheless, BMME captures the circulation
over the Northern hemisphere well. Due to reductions of noise and errors, the variance of the
MME is smaller than the variance of a single model, but the prediction skill of the MME is
higher than the mean skill of the individual models (Yoo and Kang, 2005).

To examine the predictability of the impact on EAWM in relation to the AO phase, composite
fields corresponding to the positive and negative phases of AO were shown. In the observations
for the positive AO phase, EAWM is weakened by the warming signal due to the southerlies,
weakening East Asian trough, and meridional gradient of the jet stream. The opposite atmospheric
patterns can be seen in the negative phase of AO. BMME did not capture the weakening of EAWM
in the positive AO, while the patterns of BMME are similar with those of the observations in
the negative AO. The PCCs of the negative AO phase are much higher than those of the positive
AO. This means that the models cannot reproduce the opposite patterns associated with the AO
phases but the models do capture the strengthening EAWM in the negative phase of AO well.

The EAWM had experienced a climate regime shift due to global warming (Koide and Kodera,
1999; Nakamura et al., 2002) and has been weakened since the late 1980s, along with a reduced
intensity of the Siberian high (Panagiotopoulos et al., 2005). Analysis of 40 years European Centre
for Medium-Range Weather Forecasts (ECMWF) and NCEP/NCAR reanalysis by Wang et al. (2009)
suggests that EAWM was strong from 1978-87 and has experienced a significant weakening
since 1988c . It is known that the variation of EAWM is closely related to variabilities of mean
atmospheric circulation at mid-latitudes and that its changes come from the different variabilities
of the Siberian high, Aleutian low and AO. However, we could not consider the climate regime
change in the scope of this study. The common hindcast period among the models is not long
enough to consider the decadal change of EAWM. It may be useful to investigate the predictability
of the impact of AO on EAWM in association with the climate regime shift in further studies.

FOMA|ot A& H<4> (East Asian Winter Monsoon, ©]8} EAWM)2 EHMLO] A-&4
e dofuh= a7 A F stuE & dEA AL, ol AlHEor ar|e] Astet
SHakE Eukstol Uehdeh, Zhang et al, (19978 AL30] )2k sjore] HE7jolo]
&) TF=o) A FaE YA Y A] (available potential energy)”} EAWME =2]o]& 714

= Btk 8 do] A= Aol Aol fAIskaL, At v A
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oF HH o] &= o] local Hadley 8lof] Fa& . o] QoA HZol it
AH|2]oF Aol = cold domeo] EAICY, FobAoF A E, Al#|2|of 217]%Y, 500hPa 7]
S, AR 2 Y] B0l A= BEEe] EAWMO] fAHTt

EAWMe]| F3F& v|2l= 583 281 F dhh= Arctic Oscillation (©]8} AO)©|tt,
Arctic Oscillation (0]8} AO)= BRI AL-4dof| Q38 & = 3112, Thompson and
Wallace (1998)¢f oJaf Eult A4 2] sl 7ol thet A WA empirical orthogonal
function (EOF) REQo] &}g Attt Solr|o} t&E2] X &% 7|2 HEL North Atlantic
Oscillation (NAO) Ht} AO9t B Aol &= ol o] dte AR
HIThA A1 A)3E 7|23t 7 S5 2k oleTel= AO9F TR o] Ikl AAFHT,
0] 59 Ao A= EHFe} JH9] annular mode”} 54 % geopotential height
o FAS B Tk ofye}t HE St he HjstA Hes HRTh (Thompson and
Wallace, 2000), &+ Ao W=, fakA]o} th&2] 7H&3 snow cover= A& AO
9] oA W s W3tk & A Qlt} (Cohen and Entekhabo, 1999; Saito and
Cohen, 2003; Cohen and Barlow, 2005; Cohen et al., 2009).

Gong et al., (2001)2 Arctic Oscillation (¢]8} AO)I} EAWMS] HEAJo| A= T
wo] & H=tl, AOZF AH[E|o} a17|9ks F8l EAWMe] 3k mIdle dobdltt,
webs] A0 AlHlE]ol aL7|4at EAWMS] WHate] 583t ¢g-& 3ith Kim and Ahn
(2012)& ERjE Y] sl 2% olede) 7t FoAlof A=A 7] w|R]= Gkl tish
A 913l Bf Ql=dl, AOLE EEH ) sl 2% o7t ASE FolAlob 712t v
& A, o] Atell =, SONA|Z]2) e s 2529k 1199] A0 A4
7F O] VA W Aol a7]9Fe] ZFETt oFsA|aL o]i= EAWMS| oFStE Zefisto]
AEH FotAlote] 7] o] uhksit), o] JEjE s 257t A0 PRk mIA|AL
olo] wke} AlHje]o} 2|24 9] continental—scale =¥k A|H5te] FoFAlo} X 2o] A<
713 Wsof g3k v|AA HS ¢Jv]dith Jhun and Lee (2004)+= A|E 7|79} ¥=E

300hPa®] ‘g4 wind shearE RBFQsto] Fotilof AL #-0] M-S AT = Q=
ZolrJo} AL EL X4 (East Asian Winter Monsoon Index, EAWMI)S & 2J8}%ich

=)

o] oA Se7Ike] S74-E o) EAWMIS interdecadal i20] A0S 2473

FARRS AAFE, =S 9E At B8 53l AO7} decadal time scale®f| A 72 <=
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AOSH THAE A+ &, st el o] 8sto] thefRl Aol o3t A0S Hhg-2 A
B TaRt meloA] Urehbe A09] |ZAS Almls o7t T 9lgieh Gillett
et al, (20022 5749 7% WAL olgae] LAZRA Z7to] mHE A0 40] WA
AFE gt vk Qlnh o] F 47l B AR Gfaf oFo] A0 1S Kol WSS
SolskA LERRSIEE o] ATelAs A7k HAHOR ols) WA Ao
= AE]3L polar vortex7} 7l A A] oFe] AO7} S7kectal Adwstal Qlt}, Ahn and Kim
(2013)2 3k s 23] 27)gol BULOR Wk ope 48RS Ule] Hut
T AEE A09] of|S4do] Bk 3 4= e HSIth Xin et al, (2008)-> IPCC AR4
9] “Twentieth—Century in Coupled Models (20C3M)" 0] Zroldh= 237)2] A3} tf&st
o] ARk AL (JFM)2] AOE 2413 vt ik, tiiite] HEgE2 ERkt F9=
712 70 5ol thek A A FOF SLER A0S 2 AR, Hegege] st
A0S center of action® & LteHIth, 1eLt A0} $ebAlo} Hlge] vlx|t e
AR £ SAS Bt

O

i

o

uepa] E A LoA= APEC 7|3 AlE] (APEC Climate Center, ©|3} APCC)2F WMO
A7 R crErdokAE MEME (WMO Lead Center for Long—range Forecast
Multi—model Ensemble, ©]8} WMO LC—LRFMME)o|A Z}ZF 48H= Al of|& B3 s
o] AC dIEAS A E A} geh, 2|3l Al olE EYo] AOS & IETthH AO7}
EAWMe]| v]X|= 93 AA] YE=AE dokazt g
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H Lo A= APCCF WMO LC-LRFMMEC|A] ZF2t 427]8H= & 16719 A dd|Z
Lo A AAFE hindeast ARE ARGl A&H A9 AE HIS/dE BrIskL, A0S

& oS5she BE50] oMo AR Eoll viAle T E 5T 5 JeAE Lok
3

> ml
i

il

A2} st B RFR= 1983/84 5 E 2001/02W E919] A-&4 (December, January,
February, ©|&} DJF)o] thet AR =A, o]= 1199] 27|20& ARESto] 25 A
%= A WA leadFE A HA] leado] sfFdstc} zF B E0) gt AAgH AH-E Table
o] Uepigieh, 2 BP0 B Es 2.5°42.5°2 U4t sto] RE7ke] vuE
BolsH ot &Y oS Aifo] izt A5 AmE ANSE #5 AR+ NCEP/DOE
Reanalysis—2 (Kanamitsu et al,, 2002)2, 2 &oj|A BAl5l= 7|71} Y%t 199 Fot
of ¥ DJF A2 AGSIITh TE0] 2% S oA Bt 28 2,52 5° olch

of AlEoS HY52] AO o54e H7H8ISth MME«= 2 B3E50] 7HA AL Ql= AlE4]
b Foll ogt dFe] S o7l ¢Ft WY F SR APCCe WMO
LRG| 44 A1 B4 I M 71U 24 ok o
TRsAIE i ol whet Y 7t vjdY 7o R SLEER=|, o7 AF 71
Z0|| A% simple composite mean (SCM) 7|H& AM3Ic ol= 7} 7143t MME
e, 2t mue] oz go] BUT /FAE Fe ol

B oM v 29 YA (Multi—model ensemble, ©]5} MME) 7|H& AR5}

I BRPe, o5 FIl HYPE0 7}?(]1 ‘21
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Aitsto] ®gEo] W& Hlalsto] AOE duhtt & dl&sl=A15 AW RSl o]

TRl TS APEEY Ale]of] ACS] T Y A|o] A HEAE S8l AOE THE F oS

gl 2 le] ByS Agsioltt, o|gA AYE RYES o|8ste] MMES 43stal

AO9] oSS AT EQYTEH AO7F ALH XM 3o n|X|i= o] MMEA = e}

U=AE #5T) v)asylet, E3E WS04 Y= Fobilor AL E<of tigh A0
P MMEZ} 2 | &31=A] dotH i},

Table 1 Summary of models used in this study
MO::lr[niPC] Institute / Country Slzztsinnltflzn::g::ti:; Hindcast Period
CPTEC CPTEC / Brazil 2-tier (10) 1979-2001
BCC Beijing Climate Center / China Coupled (8) 1983-2007
POAMA Bureau of Meteorology / Australia Coupled (10) 1960-2010
MSC_CANCM3 Meteorological Service of Canada / Canada Coupled (10} 1969-2002
MSC_CANCM4 Meteorological Service of Canada / Canada Coupled (10} 1969-2002
HMC Hydrometeorological Center of Russia / Russia 2-tier (10) 1981-2010
GDAPS Korea Meteorological Administration / Korea 2-tier (20) 1979-2012
TCC Japan Meteorological Agency / Japan Coupled (10) 1979-2010
NCEP National Centers for Environmental Prediction / USA Coupled (15) 1981-2004
CWB Central Weather Bureau / Chinese Taipei 2-tier (10) 1981-2005
NASA NASA / USA Coupled (11 1981-present
PNU Pusan National University / Korea Coupled (5) 1980-present
APCC APEC Climate Center / Korea Coupled (5) 1983-2011
SINT SINTEX / Japan Coupled (9) 1982-2004
SUT1 Seoul National University / Korea Coupled (6) 1980-2001
UHT1 University of Hawaii / USA Coupled (10) 1982-2003




LESRYLY=E 018et A0Q| AZESY Eriet SOt ZHE==0f nlXl= & A+

350l
7] 3l A=de] 7153 Ms/dS vlasioin. ¥53t
200113 9] & DJFe] tigh R 9 (20-90°N) sR7|Ye 7543 EHAE
Figure 10 YERITE P41 59 7|1 98E AR, A2jop X 9E FHo2 fet
Aot tisoll QA sk 2719 (Al=]oF 7|9t Hefg el ol Y1AIsh

o)

Hog 3oy o] A7k F717t AlHglof Ao FAHCR THEojRl AV EES
EFaL 9bA] FopX|otoli= Y ©]5F (cold advection)7} S-AlSIT (TR 02 Ho|R|= ¢
&), ZF BYES AA|F & 504 U= climatological meang 2 Ho{sEal 9]
o}, Tyt ZF Byo] ZHA| AL Q= AleE @A 5 (systematic error)oll ©]8lA] bias7}

ZAshzHl, ol Figure 2014 AHA13] Argszlct,

Figure 12 Sw17]0ko] 7|54 Mt of e}, 73 mgo] AL ¥4 sw7|gel
WEAS AR7] $I8) BEEAE Uepich 7} mg EEEAE Ak o s A
weizke] s R Tefsiolnt. BEolAE Beloknt el 1Y, 1e)3 Box e
JRREE el 24 shPa o] EETAZE LheRc), ofiz o] A Kelo] Lhehhs sw]
oto] A2 Y Ao Ak A ojulgith, mRE0] W5 oA BET HAH
sejgokn} e oA A Uehks Aol ik, T1elut Eul o] WEAe
ORI mOfsiAL, Ao) e ohrh WEAl) AR Bl W] mawAle] vigie}
$AKH RYSE QA9 BOC, NCEP, SUTLE Bo] Hls] w54e] 277} ok ek,

mEoA &3 sH7IdT BEE SH7ISE Abelo] 7157 2koQl mean biasE
Figure 20| YERYSITE. CPTEC, HMC, POAMA, PNU, APCC, SUTI:= F& H=lof| oke]
QA7 EASHAL, 60°N ZAOA] &9 LAt B FAAL Qlrk E]F TCC, CWB,
NASA, SUT1E= 9] LAt B8 F4os Xt tiide] BygES RejE Yol
&) A= 7HA|AL §len, TCC, CWB, PNUQ| o= &9 a7 vephdt
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1 2 3 4 5 6 7 8 9 10

Figure 1 Climatology (contour) and standard deviation (shading] of the mean sea-level pressure for observation
and individual models over Northern Hemisphere during December to February
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Mean bias of the mean sea-level pressure for individual models over Northern Hemisphere during

Figure 2
December to February
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4. AOQ| Ol I}
4.1 JjHEEIo| AQ OIEAM

e ALE ] 32 ®EQl AOS AWs| I8l EOF 45 433513t Figure
32 EOF A HA| R=of gt sjel 2, o] Thompson and Wallace (1998)¢f 23}
g2lEl AO FElolr}, ISollkl= A0S 37]9] center of action®] Y7} HEHY, H=,
23l EojAoFo)ar, oof wE annular mode”} 5 YERATH EEEo|E A0Q)
annular 2<£50] ¥=1}F GARSHA YER AL, center of action®] 97| T3St 2 Hojzc)

Zo|| A A0 HEE A2H BulL Fur|et ohtta|o] AA) MESF &£ 25 2%2 AHst
‘3}. 2ol thsiAl= AOE 35| fI8ll EOF 45 34sieitt. 2o 735
uhet A A Reeh & A HE7uo] Y| StER REoA UEht a3t
% HE  PEo] BOF ez} 71 A A AOR MG, 2, o] 2w
ROF sjelal =3l 3 ) 9 T v BOF sl Zzinte] FURE Fotel AnARt
F REE AOR 7H51gie), tiiite] o] AOE A WA EOF RE= Uehf=t],
CPTEC, NCEP 2 UHT1-L &= w#] EOF W= A0z Uehflch 167] 2& % 12717}
A0 W ETS 5ol vl =7 UrE}LHL ZaFe] AL, Y A] 471 BFL- A0S HE
<= TS0l vlsf WA yepdct, ISt vl wslks of SUT19] A0 ®swo] 25,3282 71
Ape- ApolE Holar, MSC_CANCMZL—J HEEE 24.3%% 7P & AolE Hl

Figure 41 7 2 3 WA EOF m=of st PeAALS B33} 37 Lehih
AOR, oliz AO A4 Ofufsith. Tl B ek 4, 7 HRE Wk Mo T
Sllck, BB AAS 7k Aol Tt AR UeolA] 57} A7) 7F me]
o183 A T390ttt AO A1-9je] A AHPIES e, A Tl )
L e} e 22t EAR O 95%, 99% ol olate ojulitt 1674) 1Y % 47Ho)
auto] PS5} EAH O fofat A4S ZHed), HMCSH TCCe] ARAles 42
.34, 0.430.2 99% o]A) 8-2J5}a1, MSC CANCM32} SUT1S Z+7} 0,32, 0.30°0.2 95%
oA SO ARASE BolErh o] 5740 WAL Aleje UmMAEE A0 A|40] WA
2 & moJsH) B} B3] CWBS} APCCE BAH O FOI5HA A% 217 0,16,
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o] HojZIt}, Figure 31} Figure
BolsiAlgE, A0XI4:

O
_1

ol A1 S 209 L2

—0.078 &7} 20| 4]
49| AxE B, dA) A4

9] month—to—month ¥EAL 2 olstA] i},

22.6%

CPTEC

23.6%

25.3%

The spatial patterns of the first EOF mode (which are AO patterns) of the wintertime (December-February)
monthly sea level pressure anomalies for observation and single models over the domain poleward of 20°N during

Figure 3
the period of 1983/84-2001/02.
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BCC (0.14) 6% CPTEC (0.13) % GDAPS (0.12) 32.5% HMC (0.34**) 34,99
E 40 g 40 40
204 20 20
00 4 00 00
20 4 20 20
40 4 40 40
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MSC_CANCMS3 (0.20) 31.9% MSC_CANCM4 (0.32%) 49,5 ICEP (0.07) 16.3% POAMA (0.19) 46,49
E 40 40 ] 40 g
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40 40 40 3
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Figure 4  The PC timeseries of the first EOF mode (which are AO indices) of the wintertime(December-February)
monthly sea level pressure anomalies for observation(blue) and single models(red) over the domain poleward
of 20°N during the period of 1983/84-2001/02. (* and ** indicate 95% and 99% confidence level, respectively.)

correlation coefficient, PCC)E x=O& 3}l ZFH AOXGY AIZHAS:
(temporal correlation coefficient, TCC)E y=2.2 k= AFHEE Figure 50 YERHS]
t} 2go] AOHE o) th3t PCC= POAMAZ} 0,552 714 Wil PNULF HMCZ| 0,922

7F¢ =t POAMAS A3 B HPSL2 0.60 o2 &2 PCCE 7RIt ol X
S0 A0S WfEl e IS} frASHA| Bttt Zle oujdict, mgE AO A|4=9] TCCY]
AL CWB7}-0.1628 7F& Wil TCC7} 0.430.8 714} =0 AFmhe molc}, 167)9)
3 = 57uko] 95% oAb 805t AIZMANIAISE Zh=d], CPTECH} SUT1®] 0,30,
SC_CANCM47} 0,32, HMC7} 0,34, TCC7} 0.430]t}. o= AZH o & mE o] A0
SRS T By, Ae) APASE T A 23S ulaich mebd Pocs)
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TCC7t Aol 2 X3, & A0Q] Hj§la} 2|45 FAlof & A&5dl= RS 249
2% (best model) 2 AA5}Ich AAE best model-S HMC, MSC CANCM4, TCC,
SUT10|t},

AAE best modeld ©o]8&3l] thERFUSAME (best models’ multi—model
ensemble, 0|3} BMME)Z ¢t & EOF #4135 =33t A= Figure 69 YERHSICH
BMME®] AO R Ei= A WE F 47.5%5 Agsk=t], ol #5o] d¥sks Msddd
25.2%3} ¥ st 2v] H= w2 grolth, IS PCO= 0.81% #& A Hel
BMME®] AO Tj8l-& =04 Ho|= annular modeE 2ZF YERNIL Q131 center of
action®] 91| E3F FARBICE 11 5 BEfE o] YISt center of action®] et Tof
HE7HA YehAIE, F=olu BeA9) center of action®] 7= 5] HIsHH ofs}
o}, BMMES} T2 7+ A0 #|4:9] TOCE EA|H 0.2 99% 0|4} 9-0]a} 42291 0. 400|t}.
BMMEo]| tfgt PCCL} TCCE ZF B& o] HA el skillgk (PCC+ 0,71, TCC= 0.18) X T}
=2 Mol olug}, best model?] Ht skill (PCCE= 0.80, TCCE= 0.35) Hote =}

.—Wl

FIT
N‘

BMME®} 7H8E 3 50| lead timeo] W o542 W3S AW E7] 9fs) A WA
lead €] Al HA] lead®] T3t AO index®] AZMIHAIGE Figure 72 YW SITE, 2t
RREo] ofet A0 A14-0] ALHARAGE lead timeo] e} ZHAEE HRS melc
e} g sl 3 A va] WA lead time?] 1o AT} R} St

L o] Fulge}, RO BIEITL tfito] wHEo] 0% oA} frelet AHkg: Mol
A Q. o] BMMBS % A lead time7} A5 90% o] §ojgk 2] AlZbi
A7k RABOZH, A mEol B3] B cfEAo] 22U A, TPoRs
Lieh) e29tA1et, BMMES] the A9 AO ARet A ) A5 Tefat A0K el
RS 0,400 Hej2je] he vlgahe), el ARBR drs 172 95% Al
G20l R9I5H QAT monthly A4 95% AlE|zolA] fLoRHTh o] BMME
7} month—to—month variatione 1&sle] AAEG 7] WjE oz AyzH=Ech
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PCC vs. TCC [Dec-Feb monthly]
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Figure 5 The scatter plot of pattern correlation coefficients (PCC) of AO patterns (x-axis) and temporal

correlation coefficients (TCC) of AO indices [y-axis) between observed and simulated results. The horizontal
dashed line indicates 95% confidence level.
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Figure 6  (Top) The AO patterns of observation and BMME. Pattern correlation between them is 0.81. (bottom)
The timeseries denote their AO indices of observation [blue) and BMME (red). The temporal correlation is 0.40
which exceeds 99% confidence level.
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Figure 7 The temporal correlation coefficients between observed and simulated AO indices for each month
during December-February period. Dashed line denote the threshold value for the 90% significant level.
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& AollA= A0S HfEl} X5 oS0l BMMEZF A0S Rl SR 2bg
A W 12) ke wheha B3 BMMES] 850hPa 59} 200hPa
Aol His A9 294X 2IE Figure 8 HER T

QA H2of e = 2TE AR (Figure 8(a)), A02] WAl ufet SebAjoket
njo] w7t W& vehdt) oS o], A7} %) A uf GefrloRs L) wli:
SlaL Hu|thE-2 7R BHH AO7F 3-9] fldolH fepalote] 7|22 wol] 1 Ju] 7]
wSsa Rk, T35k SejE ekt S gl fIxIsk= subtromcal jeto] oFafzict, o]

& FoMot AL Ee Ak Alof AAE = Qletl, EfEtalol 2199 850hPa

7} ol WoP A1 200hPa?] jet streamo] k3l () A= AL Folrlof AL H

¥ (9] A0Y o oFsf ()M 2nlgict, BMME: (Figure 8(b) H&ollA] Kol
Eaekalotel HultiEe] Rt $14e] 7]20] Yefth= A3t e FC] jet streamo©
okelA= 54 molstal qltt. Ty TSl Hs| W Fo] At #AZo|A= Ha

5 Ao A F &2 YER= cold corele BUMEO| A= YE|A7E FAH 0= sht
gk vepdTh S jet streamo] OfStEl= $JA= TSI fARHY, 1 37)7F 2
BMME£ ETHA%F jet stream®] oFsh= 2 Wolsx] Ral=d], vz HefjEfe] jet
stream®] ST 71A] FFE|o] oFsf 2= AAY Helrh, o= Bkl AR A<
e A5t FAkSHE

A

[A

o r}o Jlm rlo

|
I
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(b) BMME
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Figure 8  Regression fields of temperature at 850hPa (shading) and zonal wind at 200hPa (contour] onto
AO indices of (a) observation and (b) BMME.

5.2 A0S} BRIE! SO0l 7S 2ol oiEA |

2

5. 18004 24 2] mgE o]8gt MMEZ} AOO] 23t BHkt AL <8ke] 7t
Al S]] gt olEAdol = BTk o2 AATE Fol Fotrlor 4|92 gt vk
olL} FoMof AL E9] MES A0 Aot FAFORE w2 S Hols Jor
dHA =l ik ez 59 A0 Al7|olle A=E Fotof tiEe] A YolA A
= o] 73t ofsf gyt 2ar Fdof| vl A3 7]&o] WolA|aL, ¢Fe] A0 Al7]
= o]} vt & wEEst AL-o| UERAT) (Gong et al., 2001; Jeong and Ho, 2005; Park
et al,, 2010). webx] 2 Hoj= AESEF o] HA| PSoA Uehte 9 AC B
=2 A0 AI7IE & ol &SheA], E3E I A7]9] FofAloF AR ol S vAl=

ofg] di7] ¥eg Al & dlSsheAlof dis] dopE A} gt

o=

#29] A0 (47} HAWEAS] 10 (EEHAD o142 ThE positive A0, —1o 0[5}
IS negative AOTFAL A Q|5}al, BMMEOA = HA] Z-& Al7]E 217 positive AO,
negative AOB}IL A5ttt F 57 (1983/84-2001/02¢12] 12, 1, 29) Z 7719 Eo]
positive AO, 10719] Eo| negative A0 33t} Table 20] ZF AO §Atof ks BEEE
ALA8] Ve i,
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Z} AO S1goll whE Fofrlot A|9of thet 850hPa &%= oReHe]9f 850hPa HIEHE
o] o] S A EIIT (Figure 9). BSollX= AOZF 9] 9144 o (Figure
() Forleloll= Ee AlE] Higo] folEo] ek, A&, S5 55 12l gAJof
7] warming signalo] LERF %5 WA of} bt i Sxje] @b Wopdrh
HHH AO7F 9] SV W= (Figure 9(c)) ‘SO0t 53 AlF 9] vigho] S-Agte] wheh
S7F 9L A b Sl 7o) SEith ISollAE A0S il wet sotA
oo} 7] 2t uigdo] thA#Ql sjeS HojEth BMMES 2] AOY o 5okAloFe] 7]
o] Fdof Hlgl| EoMl= BG5S ASsHA] Folal S BAofol| 235]8 7]20] Yol
E3E Fototel] SAIRE EE ADE Bl 2 HolFA] Rt &9 A0Q A%ofl=
(Figure 9(d)) RHIF=Q} Uidof| 7]20] Holx|e Hgo] Holal A7} HieojjA e H&2
SARSPA Fulnch upe 57 et el ShbmolA] 35 B0} ejkjorz
oot cooling signal-& 2 LiEhtA] Rt o= 7ol ujs) SEAe) ufto] o)
) e whzoleka AztEIck, 4t A0S| SYAJol mHE i) silo] B Liehix] ghc

oFo] A0Y W] 500hPac] Eolr|otd] $Jx|EH= 7|9 (East Asian trough)-2 Ho
vl oFsfA]al (Figure 10(a)), &2 AOY W= FdHr) o WeRlit) (Figure 10(c)).
Sol Ao} A& Eze] ME} BolAlo} s Bast Asian trough7} Zo1AHE Az} Ul
o] Ql=1] (Qiu and Wang, 1984), AO2] $JAtof| ufe}A East Asian trough”} ¥s}s}o]

oMo AL ol IS & 4 AUk

BMME:= 9F0] AOY o (Figure 10(b)) East Asian trough”} oFsfA|= H<52 2F
Hojge, Z|digto] w&a Blasto] oF 50° ke w5l f1xJ8l 1L 2thgre] 7] ®=3F
oF 0.4gph H&= At} Z2] A0Q| 7% (Figure 10(d)), =]l HI8| East Asian trough”7}
g ZofX|AE, 912 &9 AOo|| HIshA] TSIt FAlStT) E3E 850hPad] 2% k=
g sielg HojEr)

Figure 11:% AO9| $Pdol| whet 445 A|E AA] ¥t sflS HojF=t], AO7} 9]
Al wi= 200hPa AIE7|F2] YEAE} oFsiA| 1l (Figure 11(a)) AO7} 2] AT
= jet stream®] HEAF =7t HE ATt (Figure 11(c). 43 AES] E5 e A
2o} 117|¢3t o] Q)=t]| (Jhun and Lee, 2004), 9] (%2) Y W= jet stream
O] HEAET} Aol A (ARA) ForoF A o] oFsid] (Faid)e Sfnlgith
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BMME+= AO2] 9}ofl W jet stream®] @& F=E & YeRfA|T 1 92|17} th=ct
(Figure 11(b), (d)). 9] LAY AL U=of A= positive core?] 40| 150°E, 50°N
220 X|5}aL negative core:= 140°E, 30°N 2]o] $]X|3l= Wb BMMEE HA1Z0
2 XA * A] positive corer= 80°E, 35°N Lx|¢f|, negative core== 80°E, 20°N |||
gAjgict, 1of Wl 29 Shgel AL BT FAKE Hlold

BMME7} 2530} vlalsto] A0S 1] W Fotor Ae s SAe + Se
d7HrES duid & ASSk=AE A BolF=7] sl A AXE Al ¥ (850hPa
21 500hPa Z|9]al%E, 200hPa A8kl thgt PCCE Figure 129 YERHATE, BMMES]

&S s W] tisto] 59 A09] 797t 2] A0 Hr} ¥ 2t o] & 1] PCCr}
A= 0.17 (200hPa FAHFE), FAk= 0.69 (850hPa &%) %= Zfo|7} Ut 53] g2

A0 T 850hPa®] 7]9-2--0,019] PCCS ZH=1|, o]i= BMMEL= oFo] A0 w]o] 70
& e Z5 Tk 24 ojeleith e 200nPad] SARIER] POCE 0,570, ]
A0 TS et stream®] AR o}g31o] Sopilo} AL He0] RS a|Eat 4 9192
ofulgich. oA oIkt 80 AOL SobAlol A% Eee] Asiel Wishl ikl
QJit], BMME A0S} Thisl Foblo} A% Feo] Zou sele 2 ofaic) 4]
WE 0,68 0[] HO PCCE Ho| 1, E3] 500hPa A9|TESke] POCT} 7F t}. o)
ACS] 9| SV FobAlof 7]o] ol Hlsl WobA|aL, jet stream®] HEAE7}
AR|1L, £3| East Asian trough7} © ZojAle= AS & oS3t & 4= Quo)

\

il

Table 2 Classification of positive (> 1o ) and negative AO (< -16 ] in boreal wintertime (monthly DJF)
during the period 1983/84-2001/02.

Positive AO Negative AO
Dec 1988 Jan 1985
Jan 1989 Feb 1985
Feb 1989 Dec 1985
Feb 1990 Feb 1986
Dec 1992 Feb 1987
Jan 1993 Dec 1995
Feb 1997 Jan 1996
Dec 1996
Jan 1998
Dec 2000
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(a) OBS [+AO]

S

(b) BMME [+AO]
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Figure 9  Composite anomalies of temperature at 850hPa (K) and wind at 850hPa (rmys) of (a), (c) the observation
and (b), (d) BMME for positive AO phases (left panels) and negative AO phases [right panels)
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Figure 10 Same as Figure 9 except for geopotential height at 500hPa (gpm).
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Figure 11 Same as Figure 9 except for zonal wind at 200hPa (m/s).

o PCC [60E-180, 20-70N]

0.8

0.6

0.4

0.2

0.0

-0.2 | | |
850 z500 u200

B +AO -AO

Figure 12 Pattern correlation coefficients between observed and simulated composite maps of positive and
negative AO for temperature at 850hPa, geopotential height at 500hPa and zonal wind at 200hPa.
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6. 28 A E9|

AR A $8ho] 328 HEQl A0 ALE Forfoh ol ¥k miAl= 84l

T PR A Sl & Atolds APEC 7] 5ATE 2F WMO A7 g A&

ArAlEo] Fofshe A o5 2P S| AH AC AI54dS vl Ade5mgo]l

AOE & o5 1] AO7} Botrfol A ol vAls G HAl & dSTheAlE Gotki
ol—r;]..

Al 2 B Eo] SR AR 715 S dSthe sHE dol] 8 As
o}

of 71 F4T} E4S BET ALt B 7| AL FolAoLS

b

A o]
SHOR A|2jof 7|3} dFAF A7]o] R, ol Fotror As 222 A
£ 23l S8 didolr. diEat sfre] B|E Aol oJ3f tise] 37le Aoz

A1, B2 3R] AlH|gjot 117]¢to] SEsks 117|9Hd Hlgko 2 Q| Folxlof
o= gHolF7t Akt TiE B ZF HYo] 173k AlFH 2| 5ol 28] bias7t
UrEP)rE} 2ol BYs2 STl o LAt e, dF BYEE 50 oA
e E3 ofd HFL Foof oF LA EAStAL 1 ] 5] At SRt
) e e $oe B402 49 03P A, B0 2 vEse
Hel SejE e, Bl atel, T12)al B MRE RIS sfofl A 5hPa o] e
RS Hl=dl, ol of Al A1) it A S9te] #iedo] e Aol vlsf Atk
£ AL dujght, RPEL &I} FARE BEUAO] WS Hollf, E o] RPEL
2 nc} HEo] A9kt wah efoymt TRikEse] Wi A, el wele
HE/d2 ool sy 7o) yeRtA] eRsltt

}i

)41

i

3l WS BPEC] A0 HHlI} A4E AT E |, BE HYPES
HSoA2t ol A ¥R HEE A0 HERE YeR|SIT BSolA= AC BETL AA HE
o 25.2%5 AAyehs v, W By Eo| WSl vlel A0S MEwke A Uehks
7ol qloleh 7t BEE2 HEol U= A02] annular modes & Hof=t]|, L
B, =, iAol fIxIsk= 3709] center of action® 2 &3}, LUk AO A4
+ 57§9] HEgRto] 1%7 BARLCR 95% o) 5t ARMFIAIRE Holal U
2 YepgiA] Z3ict o @A) AdCSREE2 A0 e

ko
ol
i
flo
g
)
3
1o
FE
>~
mlo o



CISRHYAES 0183 ADQ| AHOISY Tytet SO0} #E2A0| DIXls ¥ o7

rlo

2 el ke A0 %14:2] sub-seasonal WEAS & LERA] E3ths AL oy
o,

whebA] A0Q sfE H ut ofe} A0S A|le 2 ol &5k 4719 RS Ak,
ol=°l s MMEE ~3§5}%itt, BMMES] AO == AA| W5 5 47.5%% AHl=
o], o= #ZHh= o A3 2871F =2 Fhollth BMMEY} HoJak= A0 He B
ojL} BjA|9F action center®] 7= oFsht B H O] center of actionS T}
FARRE ] s UEth AOR e S FAR SR 99% o} oJRt 2l
0.402] A7H}A4E B3t BMMES] th3t POCe} TCCE: zF M3 o] 49l skill
Hr} =8 Bl olug}, best model®] B skillRthE =t}

o

ol AOE & l&3h= BMMEZF AO9} ¥ ERbEo] ol oJA] & o &5h=
A A E7] 9]8f 850hPa 2=} 200hPa FAIRFES AO Aol A3 39 A1 s
w2} |Eellh, BEolAE geblolel Hulo] £mvh vt SRS HolT BMME
S o B4 & mojsht 1 wEEo] Ak HejHa] SI3F 200nPa] jet stream
O] 73, AO%}H HRIE o] oFl= BG5S WS BMMECIA & 4= QIRleh 7123t mixzt
A= BMME®] ¥-5-35-2 5o Hlsf| 20t 13 ol= E5-5k1L BMME= AO°] 23t &
U A Y] S side] digh ofE/do] qlvkal AZHEH. o= MMEZE
ensemble spread= Z7A|7]| A9, ©]of W} ensemble mean®] variance: Zo}R|&=

EAE 7HA]7] tji#olt} (Yoo and Kang, 2005).

A B4 U= A09| §1oll et Foprlol A ol ¥ WA= o
7] W59 dlEAde AuiEr] f18l, A0S 1ol wE e 24 R A0}
X 1Y, ISl Sototell EE AD S Higho] F-Y% 0] warming signal©]
LER} Al East Asian trough+= 2F3}E| 31 200hPa jet stream@] HE A= oFs[ 7o
w2} FotAlol A E<mo] oFsiAirh AO7F 59 1Y dl= Wie Jﬂ A5 Helh
BMME®= AO7} 9Fo] V¥ wi= oleiqt siels 2 YehfA] SahAlet, 52 1ol thsh
e IS5 FARE g Btk Aoe] el whE SRS Fll BMMEE &
o] AOY W& of&/4do] Fe] A0Y wf H} ¥ &2 Ae 21T

r
(o]

I

¢
d

4 qlgleh. o] Ak
m8o] A09] §Ate| whet Foalo} Bo] siElo] BTz ek e 2 mofsiA]
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FaAT, 9] A0Y 1) FolAlo} AL Bl Ao AL mojES ofulg,

BOMAoF AL Ed AT 2R I8f| 7]% W] (climate regime shift)E 4%
=19 (Koide and Kodera, 1999; Nakamura et al., 2002), 1980t} o|&= AJH|Z]o}
a17]9to] eFsfjRle| ule} Fola|o} AL g AA] oFslE| 9t} (Panagiotopoulos et al,,
2005). Wang et al, (2009)= 40 2] European Centre for Medium—Range Weather
Forecasts (ECMWF) A|&EA2}52} NCEP/NCAR A|EAAFEE 0]-85}e] 1978-87W =
QRS AW ForoF AL <m0l 1988 Aol oFsflE Kl vl Qlrk sopA|oF AL
0] HEd S9=9] Bt 7l dat 9eh AedE 7L Qs Alos o
o] ofefeh Wit t7leEre] Hak Allelol TSk A AZISE 9 A0S
5739 Aol& vehA "ok, 2y 2 Aokl o] =gt climate regime shiftE
514 o=, o= M E0] FEH hindeast 7]7F0] 1983/84-2001/021d F2te]
1990 2 regime shifts 1&s}7]ol= HE 7] wjiEo|th 320 climate regime shift
£ 3125t} AO7} FotAlof AL ol miAle 9 A A7 B8 Jlow
yorek

R S 0 T

R

S



LESRYLY=E 018et A0Q| AZESY Eriet SOt ZHE==0f nlXl= & A+

REFERENCES

Ahn, J.-B. and Kim, H.-J., 2013: Improvement of 1-month lead predictability of the wintertime AO
using a realistically varying solar constant for a CGCM. Meteor. Appl., n/a.

Cohen, J., and D. Entekhabi, 1999: Eurasian snow cover variability and Northern Hemisphere climate
predictability. Geophys. Res. Lettt, 26, 345-348.

Cohen, J. and M. Barlow, 2005: The NAQ, the AO and global warming: How closely related?, .. Climate,
18, 4489-4513.

Cohen, J., M., Barlow, and K. Saito, 2009: Decadal Fluctuations in Planetary Wave Forcing Modulate
Global Warming in Late Boreal Winter, J. Climate, 22(16), 4418-4426.

Gillett, N. P., M. R. Allen, R. E. McDonald, C. A. Senior, D. T. Shindell, and G. A. Schmidt, 2002: How
linear is the Arctic Oscillation response to greenhouse gases?, J. Geophys. Res., 107, D3, 4022.

Gong, D.-Y., S.-W. Wang, and J.-H. Zhu, 2001: East Asian winter monsoon and Arctic oscillation.
Geophys. Res. Lett, 28, 2073-2076.

Jeong, J.-H., and C.-H. Ho, 2005: Changes in occurrence of cold surges over east Asia in association
with Arctic Oscillation. Geophys. Res. Lettt, 32, L14704.

Jhun, J.-G., and E.-J. Lee, 2004: A new East Asian winter monsoon index and associated
characteristics of the winter monsoon, . Climate, 17, 711-726.

Kanamitsu M, Ebisuzaki W, Woollen J, Yang S-K, Hnilo JJ, Fiorino M,Potter G.L., 2002: NCEP-DOE
AMIP-II Reanalysis (R-2). Bull. Amer. Meteor. Soc., 83, 1631-1643.

Kim, H.-J., and J.-B. Ahn, 2012: Possible impact of the autumnal North Pacific SST and November
A0 on the East Asian winter temperature, . Geophys. Res, 117, D12104,
doi:10.1029/2012JD017527.

Koide, H., and K. Kodera, 1999: A SVD analysis between the winter NH 500-hPa height and surface
temperature fields. J. Meteor. Soc. Japan, 77, 47-61.

Nakamura, H., T. lzumi, and T. Sampe, 2002: Interannual and decadal modulations recently observed
in the Pacific storm track activity and East Asian winter monsoon. J. Climate, 15, 1855-1874.

Overland, J. E.,, J. M. Adams, and N. A. Bond, 1999: Decadal variability of the Aleutian low and its
relation to high-latitude circulation. J. Climate, 12, 1542-1548.

Panagiotopoulos, F., M. Shahgedanova, A. Hannachi, and D. Stephenson, 2005: Observed trends and
teleconnections of the Siberian high. J Climate, 18, 1411-1422.

Park, T.-W.,, C.-H. Ho, S. Yang, and J.-H. Jeong, 2010: Influences of Arctic Oscillation and
Madden-Julian Oscillation on cold surges and heavy snowfalls over Korea: A case study for
the winter of 2009-2010, J. Geophys. Res., 115, D23122.

Qiy, Y. Y., and W. D. Wang, 1984: FProgresses in the research of medium-range prediction of cold
surge. Proceedings of Medium-Range Prediction of Cold Surge. Peking University Press, 1-10.

Saito, K. and J. Cohen, 2003: The potential role of snow cover in forcing interannual variability of
the major Northern Hemisphere mode, Geophys. Res. Lettt, 30(6), 1302.

061




062

APCC RESEARCH REPORT

Thompson, D. W. J., and J. M. Wallace, 1998: The Arctic Oscillation signature in the wintertime
geopotential height and temperature fields. Gegphys. Res. Lett, 25, 1297-1300.

Thompson, D. W. J., and J. M. Wallace, 2000: Annular Modes in the Extratopical Circulation. Part
I : Month-to-Month Variability. /. Climate, 13, 1000-1016.

Wang, L., R. Huang, L. Gu, W. Chen, and L. Kang, 2009: Interdecadal variations of the East Asian
winter monsoon and their association with quasi-stationary planetary wave activity. J. Climate,
22, 4860-4872.

Xin, Xiao-Ge, T.-J Zhou, and R.-C. Yu, 2008: The Arctic Oscillation in Coupled Climate Models. Chinese
J. Geophys., 51, 223-239.

Yoo, J. H., and I.-S. Kang, 2005: Theoretical examination of a multi-model composite for seasonal
prediction. Geophys. Res. Lett, 32, L18707.

Zhang, Y., K. R. Sperber, and J. S. Boyle, 1997: Climatology and interannual variation of the East
Asia winter monsoon: Results from the 1979-95 NCEP-NCAR reanalysis. Mon. Wea. Rev., 125,
2605-2619.



APCC RESEARCH REPORT 2013-03

« A study on the Prediction of East Asian Summer Rainfall in Relation to the
Western Pacific Convection

- Seasonal Predictability of Artic Oscillation and its Impact on the East Asian
Winter Monsoon using a Multimodel Ensemble

- Seasonal Track Feature Analysis of the Western North Pacific Tropical
Cyclones using APCC MME

APEC Climate Center

12, Centum 7-ro, Haeundae-gu, Busan 612-020,
Republic of Korea

Tel: +82-51-745-3900 Fax: +82-51-745-3949
www.apcc21.org

HI0HE:
94550

9 “‘/88997 H 333950 “

ISBN 978-89-97333-95-0

ISBN 978-89-97333-92-9 (MIE)





