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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 western North Pacific is the basin with the most frequent tropical cyclone activity in the

world. Tropical cyclone activity, including heavy rainfall, is one of the natural phenomena that
occurs in the East Asia. There are many institutes and/or organizations that work toward predicting
seasonal tropical cyclone activity over the western North Pacific. Most of these institutes and/or
organizations predict the number of tropical cyclones and Accumulated Cyclone Energy (ACE)
but do not cover seasonal tropical cyclone forecast tracking. Studying the variability of tropical
cyclone tracks associated with large circulation is very important for predicting tropical cyclone
activity. This study analyzes the characteristics of tropical cyclone activity to predict tropical
cyclone track variability over the western North Pacific during the boreal summer (June to August,
JJA season).

The observed oceanic, atmospheric, and tropical cyclone best track from the National Center
for Environmental Prediction (NCEP), the National Oceanic and Atmospheric Administration (NOAA,
the Regional Specialized Meteorological Center — Tokyo (RSMC] and the Asia-Pacific Economic
Cooperation Climate Center (APCC) Multi Model Ensemble (MME) from 1983-2005 were used
as hindcast data. APCC collects dynamical ensemble seasonal production data from national
meteorological and hydrological services in the APEC member economies, and produces and
disseminates one-month lead three month mean climate forecasts every month, with four
deterministic and one probabilistic forecasts. For this study, the Simple Composite Method (SCM)
ensemble method was adopted, which is a simple arithmetic mean of bias corrected prediction,
giving equal weight to the predictions from each individual model. The performance skill of the
MME is generally higher than that of the constituent models individually. To define the dominant
modes of variation associated with the tropical cyclone track, Empirical Orthogonal Function
(EOF) analysis was applied. For the significance test, the Student’s t-test statistical method was
chosen for this study.

The first EOF mode of the tropical cyclone track pattern explains 13.2% of the total variance
and shows positive loading over the tropical western North Pacific. This suggests an above normal
frequency in the occurrence of north-westward tracks toward the East China, Korean peninsula,
and Japan during the positive phase of this mode. Negative loading was found over the South
China Sea and the Philippine Sea. The first mode spatial distribution is very similar to the tropical
cyclone track density during El Nino Modoki years from previous studies. The El Nifno Modoki
Index (EMI), calculated from observations, and the MME are highly correlated with the first EOF
mode Principal Component (PC) of the tropical cyclone track, with correlation coefficients of
0.49 and 0.41, respectively. The East Asia Summer Monsoon (EASM) has been considered as
one of the important factors affecting atmospheric circulation over the western North Pacific
and it is significantly correlated with the EOF first mode PC of the tropical cyclone track. Both
the observations and the MME are correlated with the EOF first mode PC, with correlation
coefficients of 0.53 and 0.48, respectively.

According to the characteristics of the tropical cyclone track using EOF analysis, in the first
mode normalized PC of the tropical cyclone track, the above normal year should be selected
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when the standard deviation is more than 1 sigma and the below normal year for less than
1 sigma. In an above normal year, the Sea Surface Temperature (SST) anomaly is warmer than
the climatology over the Kuroshio extension and Central Pacific ocean, but the SST over the
China and Philippine Seas is cooler than the climatology. Cyclonic wind circulation in the low
levels is developed near the Philippine Sea. On the other hand, the SST anomaly is warmer
than the climatology over the Western Pacific ocean and cooler than the climatology over the
Central Pacific ocean. Anticyclonic circulation in the low levels is developed near the Philippine
Sea during the below normal year. 5880-gpm can be defined as the boundary line for the Western
North Pacific High (WNPH) for two phases. The WNPH during the above normal year is located
more toward the east than the climatology. In contrast, the WNPH during a below normal year
extends westward. For a below normal year, a tropical cyclone can not move northward due
to the extended WNPH over the east China sea. However, tropical cyclones can move northward
in the above normal years.

This study developed a new index, the Tropical Cyclone Track Index (TCTI), which uses multiple
linear regression to predict the seasonal tropical cyclone track. TCTI is composed of EMI and
EASMI. TCTI indicates a 0.58 correlation coefficient with the first EOF mode PC of the tropical
cyclone track. The TCTI shows good performance in reproducing the first EOF mode PC time
series for tropical cyclone track analysis.

SA|H} ALz Afo]o] F2] Et e sfjastr| flste] mid SAEfsE ol At vl

3} 2o ZEsels Uk ohE 9 AtiAvleto] HhAeiet 1981 ol vl of 267)

o] gjFo] EAejg oA TAsI o] F oF 77%7} 6€A 109 Alolo] TElct, ;17}
Bl SAlE of| wh=d kel Bt 3719 EfS-o ]'H}Eoﬂ AH 22 Ao s

AUk EFS BIERE EuiA7Ike] A B a2 s 2 ek} HEo] tintE o]

e Foll 2=, 7] HSREE ol 2} ‘31171—311%k A" o] 5 A WS

E£3] ENSO (El Nifio and Southern Oscillation)~= H]A1& 0]

T\ ShEE BAHEeE BRG] B, A2, A4, el el At 9gE )4

= Alo® dHA glom o]= sl 20 A4 W3}, 4] Higk ]0], e 719,

H31E FHISH} (Chan, 2000; Wang and Chan, 2002; Carmago

Sobel, 2005; Camargo et al,, 2007), XL W2 oI LoflA] Fofrlof z|Ho| ke
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F= 2 Z-5ol El Nifio 54 wiel 2 2po]7F 3ol Bra ATt (Kim et al., 2009;
Zhang et al., 2012; Wang and Wang, 2013). T3t o|&|et g= 9 Aoj#7]|¢te] =&
109 ool 7] 719 WEiE w2 Aol e AR YEthKossin and
Vimont, 2007), EAEsHglA B 5 AeiA7]be] Ea2 S48k ¥ Yo} dfl5st
7] SRIAE T B W SdthAIere] B Tl TR Sl Thy] HEA HAol
Fastn, o vl o® ookt Al-F1E Y] SAA Ei= AthE FAo] Fasith

)

B 9 FoiA]7]9ke] WA WI=ot R ol thigt Al oS AIA 7S o-8%t
Statistical method, AR E-L 0]-&35F 95+4]Q] Dynamical method”} g8 A&
Ak, Ao= e e Q] A e B Al AR Qlste] ekl 7R ET= B4
2 7)ol HEHOR AGEOL, AT W AT /| olziet BAE FRal
CHgh AR ES o] 8]t st fto] Wol AlE=E|Al itk ESF 9 = 7HA] 7IE A&
Wl cEel T 4% wdl RS AN olgd BA-os Hybrid
Statistical-Dynamical method®]] T3t Sd517} &Ebs] ZdY=]al It (Wang et al.,
2009; Kim and Webster, 2010).

s

Zhan et al. (2012)2 74 AlA| A 718l M AlFsiaL e B 2 SHA7IY A=
off tigt FHE AR (Table 1), 22| A77|18S0] Algshe A5 23= &%

=]
=2 o A] (Accumulated Cyclone Energy, ACE), B % A7 2y 74

=
5ol 2 V¥ e A7 ol HREHA BiE Az digh A4S0 2] 3
E|31 QIt} Kim et al, (2005)2 A A wEk> (Empirical Orthogonal Function, EOF)
2 0]83 BAL Eajo] BFY] AR 4L Helsty BaAel Sk o] MBS B4}
%Atk Kim et al, (2010, 2011b, 2012)= S22 7IHS ARESHo] FA B ool A WA
oF i) A3 sfeS s B oi7] Aol whek ERstal 71 el GSAtE S 085t
ks o549 g§F A2 e oStk A6kl Kim et al, (2011a)¥} Jin et
al, (2013) July—October 7|7+ 52t FE B B FEHB S| Adeioll wel EPW (East
Pcific Warming), EPC (East Pacific Cooling), CPW (Central Pacific Warming) 3=
LRI 7} 9] s MRS WS AR A EES o] 8ste] A5Gty 11 Axt CPW
o= BlFol SE=thE AA iRt Uit Ato] g Wol Aurks AR UEyith ¢
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ATZE A 7173k A ATl o2 NSO Al o] gto] ok
A3 HH, Wang et al, (2012)2 ENSO7} 78 UER = o] AeS 7]% o7 6}01
EWP, EPC, CPW, CPC (Central Pacific Cooling) 3|5 A 2J5} 1L tha32] 654 gi&
NS Baek A7} OPW i} 1 Sjur SEFE A shils 9 R Maale
glEe] 2127} wo] Lehb 218 ) oA A2 ENSO 373 AREaHS wot
FA4e] ENSOS AHESILS Ul vlmslele ol 2 Aol Lehix) sietch

hL
ool

tlo

AR Aol B A= A5 ffall 29 F¢ et RSS9
AA 719 FHAR Qlsto] efFo] A =2 oSl Y o8e-Z 7HAaL Stk E3H
B Rl=ofl thafiAl thefet AR 7IRlE ol-8sto] 2T Wol Atk FA|o] X9t
oba] Aol ARSE WHE F TS o] R A= Wtk SAA 7S ol 81l B A=
P& floirle Aot 22 715 oS AR a= jit) ueby] & dtolAs 1A
US ARE ol8ste] HieH s th7] Ws] e WelaL, oF Adeol Hold
APCC (APEC Climate Center)2] MME (Multi Model Ensemble) A& o& A7E o]&
sto] 7k o548 HiS R EAS oS & 4= Sl A& /Wdsilth v AollA
© Aol ARGE S B 2E Aol Aol thste] ARsieitt. Al 3olM= 2
Ao AyE yEriglon, up|et AojA= AR B EES Assieich

Table 1 Information of seasonal tropical cyclone forecasts over the western North Pacific: agencies that
issue the forecasts, forecast models, forecast issuing times and forecast products (Zhan et al., 2012).

Agencies Models Issuing times Forecast products

» Number of tropical cyclones (NTCS),
Tropical storms [NTS), and typhoons

* Statistical Apr, Jun (NTY)

NTCS making landfall in South China,

and in the Korea and Japan regions (KJ)

City University of
Hong Kong (CUHK)

National Climate * Statistical * NTS
Center(NCC), China | = Dynamical Mar, Jun * NTS making landfall in china
Shanghai Typhoon * Statistical " NTS
InstitutZ[STI] i)F; China | * Dynamical " Tercile probabilities of TC
) ) o Mar, Jun * NTS making landfall in China
Meteorological " Fybrid-Statistical « NTCS affecting china, East China, South
Administration(CMA) -Dynamical ' '

China and Shanghai
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Agencies Models Issuing times Forecast products

: . L Monthly from Mar to |« NTS, NTY, and number of intense TYs
Tropical storm Risk(TSR] | ¢ Statistical

Aug * Accumulated Cyclone Energy (ACE)
E Centre f " NS
uropean Centre for
: P ) Monthly from Mar to |« NTY
MediumRange Weather | ¢ Dynamical A ACE
Forecasts (ECMWF) 19 ) .
* Mean genesis location
International Research
Institute for Climate and | » Dynamical Monthly from Apr to Jul | « Tercile probabilities of TS, and ACE

Society in USA (IRI)

One month prior to

National Typhoon Center | « Statistical « NTCS
) targeted season (May ) )
NTC) of Korea * dynamical * NTCS which may impact on Korean
i ) o for summer (JJA), i
Meteorological * Hybrid-Statistical A t for fall (SON) peninsula
ugust for fa
Administration(KMA] -Dynamical g TS total track density and anomaly

season)

2. g7 Xz & WY
2.1 g x=

211 &= Xtz

H AofA]= National Center for Environmental Prediction (NCEP) —
Department of Energy (DOE) reanalysis version 2 AHRE AR5 I 1983—-2005E
HukL o] B4 (June—August, JJA Season) 7] A E4514ch of7] #H<4E= 500
hPa A|9]31%=9} 850 hPa =% HIgrE ARESIleH, 5 A= 2.5° x 2,5%0[t}
(Kanamitsu et al,, 2002), SST (Sea Surface Temperature)= 1° x 1° =% ZAZ}9]
National Oceanic and Atmospheric Administration (NOAA) Optimum interpolation
version 2 (OISSTv2, Reynolds et al,, 2002)S AMEsIG o, 7] H49F 22 7|7F

B s WES HAsg

o] HUFA (Genesis) T} HIF2] A=

B 20 WE B4 B4 ¥
Witk HhE 7R B A 7RI U5k Belsre

(Track) W& 4o 24a ot

069




070

APCC RESEARCH REPORT

B, TS (Tropical Storm) oPFo= AH AFS 7oz sioich eig sl tigt
A= dE Ao YAt X GEH7|AAIE (Regional Specialized Meteorological
Centers — Tokyo Typhoon Center, RSMC) 2 €| 2% 212 X}& (Best track)S A&t
rom, o Am= B olF, 9Bk A, FHa SN, 4 HhSE Maximum
Sustained Wind Speed; MSWS) 52| W2 FAJE]of 9l on] 6AI7F 7HA 02 LA E|of
Uth(http://www, jma,go.jp/jma/jma—eng/jma—center/rsmc—hp—pub—eg/
trackarchives html), B39 == dukx o g ZA] o] &2 7|F O & Table, 23}
2ol v GAZ HREch dF Atollxd= vl DAL elS eiFollAl ek A7
(Extratropical Cyclone)®] &&71A] ILe{sHA|RE, & Atolli= et o] it
aesr] flste] GehA ARl 2 A 7192 Alfet A A7 | U BiEo= Aokl
o Bl SR HE= SARE D= Ui Fof 2.5° x 2,5°9] AR} vEoiflt), ZF ARR
oNA BF9 olsS AAY = HFol T2 AxE F ¥ ol FHsigitetE g
AUt Ao g2 7Hsgle), e X122 HA} (anomaly)w= 2 o] AREE 71Xt F<t
EF X=22] 7|3 7k (climatology)< ARE-SFATE.

Table 2 Tropical cyclone category classification and definition.

Maximum Wind Speed WMO Korea, Japan

less than 17 m/s
(less than 34 knots)

TD: Tropical Depression

17 m/s = 24 m/s A
TS: T L St S
(34 — 47 knots) ropicat storm
25 -32
[48015563 kn OZ/]S STS: Severe Tropical Storm STS Typhoon
more than 33 m/s
TY: Typh Tv
(more than 64 knots) yphoon

2.1.2 APCC MME 0|= Xtz

APCC= € 97l 1770 R 71389] 71505 Bdll AA5g 4ol Algd A&
BAsE] fIted, 470 AHEY dlEat 17h9] SHEH oSS 3R 571 Bl 7 S
7]% (Multi—-Model Ensemble) -§3to] ZAR| AH| S X725 APEC 3|¢=o] #|5-s}
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I Qi 2 Ao HE 2 olate] 1983-20054 EF 34 B= 729
S-S17) B RS STl M R ] A SIS, M
Ak 6-82 74 A ol ARolr], AARD o] sfo o] gkl T4
o] ik sHdmdo] that 37k s E W HAE A mEo] 1|0l ML Table,
30 Qlth, & aAtol] AME MME AF2i= 5712 A Hh & 71 9431 719 3 st
T 7R glom A4 Aok 7HE F-85HA AREEIAL Q1= SCM (Simple Composite
Method) 7S ARESFAT) (Lee et al., 2011). APCCOl|A ARESIAL Q= oMANE 7])H o
ik AukAQl &7 APCC EH|of&]ofl ARAIS] Lk glem (http://www,apec2l,
org/attach/ser/Forecast_Procedure, pdf), & -Lof] A% SCMo]| tjgt A2 th3att
aok (3.

_ X
Sy = O+ W; o))

o|H 5 H% ARKE 2, £, 14K o) i el ef2gols, 12w F e
O 27 o] fZ3t BE W AT goleh, N ol wel AeE veic,

Table 3 Description of the APCC MME models used for JJA season.

Institutes Model Name | AGCM | Resolution | OGCM Resolution M:rr:l':).er
APCC CCSM3 CAM3 T85 L26 | POP1.3 gxlv3 L40 10
MSC MSC_CANCM3 | AGCM3 | Té63 L31 | OGCM4 0.94°at x 1.41°lon L40 10
MSC MSC_CANCM4 | AGCM4 | T63 L35 | OGCM4 0.94°at x 1.41°lon L40 10

0.25° at the tropic, 0.5° northwards
NCEP NCEP (CFSv2) GFS T126 L64 | MOM4 and southwards F;f 10N and 105, L40 20
PNU PNU CCM3 T42 118 MOM3 0.7°-2.8°lat x 2.8125°0on L29 10
BOM POAMA (v2.4) VB3A£2 T47 L17 | ACOM2 0.5-1.5°at x 2°lon L25 10

3 29 A7 HEAL AE A0 3> (Empirical Orthogonal Function,
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ROF) $44 o} 831510}, EOF 4.2 Al- 37103 Zafete o] WE4 Fol o
A WS W5 o] $AROR BEe /] B BAS wE RER iy, 2} 37
A 2% 549 AEel WL Hohls Yol BOF 242 0|83 HE Az 1
HE] (Eigen vector) 2] A|7H4 W5 (principal component, PC)Z} |-t 7] H4=2] W5
o] AFAS 387] $1310] AP (correlation) A AAEIT, 2 Aol o)
7] =0 37 WsA B4t TEo] ENSO ¥5/dS th3Edt= NINO Index$} EMI (El
Nifio Modoki Index, Ashock et al., 2007)2] A B4 3I%TE EMI= AEFQI
ENSO A1) 72 910 thEollon], MRSl Bl nitok BelReF 53 42 A%
= 29[3hk= X, El nifio Modokis= B Y] 5 2 o= UeRdtt. of=iet a4
2 G0Ie] ool BEE Ho| glovt 90ur Sof gol ARk 9Tk, A2 Be @7
5o A7usle] €8lo] ofeid FHEY HE £ AHSS HIARS A0 B
Ik, 1 AT 2 eI gl oo 3 -2 A%0] AI/) e BV
AXFsl7] $18te] Ashock et al. (2007)°] gt 45 A-E3FATHA 2).

EMI=[SSTA],—0.5[SSTA];—0.5[SSTA], 2

o}714 SSTA = [160E-140W, 10S—10N], SSTA = [125E—145E, 10S—20N],
12jal SSTA = [110W-70W, 155-5N]2] g H 9] 4= 2= HALE B3k 42 o
EpTy,

Fobalol Ao}e 1 AAAOR GHE 54 7)% Aol % Sffoleh, eEe] A2 o]
FolAo} o6& E& (East Asia Summer Monsoon, EASM)T} A& g8k F11 Qi)
o127 BASM 7o19] t]7] 2k Qdrjxlelo m e YEd} F9IE Aol Ree] BE
of o3t 55 HY EAE HRlt}, & AtolA= EASMY] ZEE Wang and Fan
(1999)0] A 2]st EASMI (East Asia Snummer Monsoon Index)S A6}t EASMI=
[90°E—130°E, 5°N—15°N]1} [110E—140E, 22 5N—-32.5N]2] 2] 850 hPa zonal wind
Hxpe] A= yehd 4= Qlk (Wang and Fan, 1999) (4 3).
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EASMI= US50[E90— 130, N5 — 15] — US50[E£110 — 140, N22.5—32.5] (3)

S A]efgopol A -2 A|2]=2] Main Development Region (MDR)SIA] ¥AI51od
Folwm BASI) ofu) tlEo] Agk) Ae] 14 2 RS ulA ol aslo] gt
= (Steering Flow)©|t} (chan, 2005). A&} 3—5 km AFgofA] B 7)351 vigke: 2|gkH
2hal skt SejE S 7190 7PEARE wet £7] dhieell BEe] A2E oStk
- Fasich, of2let A5 RejEd 17|19 Wsde 2451 flste] Sui et al.
(2007)7} A 2JgF WNPSHI (Western North Pacific Subtropical High Index)2] A 2|5
0]2-5}9It}, WNPSHI:= [120E-140E, 10N—30N] 9% 42| 500 hPa A|¢1%E HA=
O-&SFATHA] 4).

WNPSHI= Z500[E120 — 140, N10— 30] (4)

o 7o) gt BOF 4jele] Al 871 W s
et A=A HIAES 9J5lo], Student’s t—testo] A

t—testi= SR AADo] t BES wf2m, 259 Bito] 47t 1y, 1, & oD

t= (5)

(S2/n, + 52/ny)'/>

4714 S 3 S, AL ny T ny= A =

W,

cl
(e
3
1o

<
M
r =
_>|.1_1‘
1o
o~
B
4
H
il
T
Kul
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3. HHLHE
3.1 EiZ TRO| AIBTHH HSY 2Y

< Azof tigh Al-37HA Wsd 2442 el
of AMEE EjF AZE 1983-2005 0w 11
U= AR A= Az = ]dnt EOF 24 2y} g5 A
Uehfl= A i 2es oint S5 s E I A7 ehteel A2, F5=slE
ek MBS iR A ollx ol HAE, Zejd o
=9 HAE Yt} AA WE49] 9195 AX 13}1 U= 7
59] 205 ol AmolA ¢f HAE UER

al
Rtk A4 W54 8,078 AYsls Al WA mEE %%%’81101]*1 7t o)
]

Holz A& Alefahd, diite] Aol S8 A2 A gt = wiAjet
Al WA HEo] e HiEe] A2 HMEds welet S8, $EEE At
<t ofFeol ek wEbA & Atolde HlE A=) A WA 8 mEo) 37 gl ARE

MEAo] UEHOE BAS AL oS hE WS s mER Fojsisr)
(Figure 1),

O U A ) HEOA 2 542 oEel o] B el i S B
7] 9]8}o] Normalized PC2] FFHX7}F 1 o]AFQl &l (1985, 2002, 2004)2} o]5}2] 3
(1983, 1995, 1998, 2001)E Z}Z} above year, below year® J-E3}99t} above year?l
3 Wt BZ o] HAYO]R|E= 15 6N, 140, 1E, below year?] 3= 16N, 130,282 L}eEpgct
above yearQl dfofli= El}5-0] below year SEUt} 10° A= FXHoj|x WSt FF5=8E
A gtz e} JE o 72 BEASH= HHH  below year 3fjofl+= above year SE T} 10° H &=
Aol A st Hejd Ak HE=dlE AA Fo® Btk HiEel e Zles
A E T (Figure 2), ol FHE=o] AR B9 Soe gt o5 Helt,
=24 (6-8Y) F U Fof] AA] B e oA 2] B B 4= 13 6702} 116702
ZpolS Holz] ARk, RHt= A= HiE Tl 4719k 0.7571 2 2 AolE Hitt
(Table 4).
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Figure 1
(b, d, f) for tropical cyclone track density.
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Figure 2 Map of TC tracks for above years (red) and below years (green). Black and blue crosses denote
mean genesis position of composed above years and below years, respectively.

Table 4 Genesis and KP (Korean Peninsula)-landfall frequency of the tropical cyclones over the western
North Pacific during boreal summer (JJA season) for above year and below year, respectively.

Above year Number ?f TC Number of KP Below year Number (.)f TC Number of KP
genesis landfall TC genesis landfall TC
1985 12 4 1983 9 0
2002 14 4 1995 9 2
2004 15 4 1998 4 0
2001 13 1
Total/mean 41/ 13.6 12/ 4 Total/mean 35/11.6 3/0.75
Clim. mean 1.2 23 Clim. mean 11.2 2.3

3.2 Eig ZIze} BF XIRQ| siY- 7| HEY 24

EOF 43 &¢t e J=e} sfiof-th7] ¥ 2+ vAIE 271 Sl8fl, eig A= A
WA e PCoF sfF B th7] Wa=0] AR A A AAISKIT) AR A
SST, 500 hPa A|$Jal%=, Z12]3l 850 hPa zonal, meridional wind®] thafjA] o]Fo] FT},
E3t 9] A E4ol= Student’s —test7} AREEIGICE B X2 B4 R WA B}
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ol
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1%
re
41

SSTE A% FHT Aehavh WAl 8 el S ehion], Relul shet
EiAgollA et 29 Aeke e (Figure 3a). 500 hPa A|95lkeh= SE=d1&
SEEReE A o] A HollA] Fol=EE 90% o] <] AAI7F YeRdT 1
G Qi ol oFt oF] A Heeloll 29 A, et wiolAl o) A
o] el = wavelike pattern®] Hej7} Ueldt} (Figure 3b). 850 hPa H[E-E zonal
I} meridional wind® BFHARS B&l|ste] 451t A zonal winds 535259}
Qi . qlolell ) $9] Ao ey, Telm aeelA] et ool Aol et
(Figure 3c). meridional windoj|A+= LW FZ Qo)A 29 At X HEH otof
A oFo] Afo] &Oo WHeoloAl eIt (Figure 3d).

i
flo

B A28} ENSO W5/ B4 WS A7-E5(Kim et al., 2011a; Wang et al,,
2012; Jin et al., 2013)o]A] CPW (Central Pacific Warming) 32| g% A& 7k}
& A4 ] EOFE ol &3t His A= A WA Zert wfe- fARE sfelS UERict
(Figure 4), & Q9Mll4= EOFE o84l S A=E A3t 31 WA 2=9f PCoF ENSO
HEAS T 351= NINO Index, EMI 7+o] AlHAS Bt} 11 Ay} g A= A
A WA RE EMIQ} 0,49, NINO32} 0,21, NINO4S} 0,40, Z12]1L NINO3, 42} 0,419
FHEAY e ALE YEhh 71E dlA = El Nifio A28 mE iR e
goto] 1o wh2 e M= HkS EAgh BhH, 2 Aol EOF HA4& Foto] eie
A=7F EMISF 7P Bdo] A Yehde 2l iRl

X

oljole] ti7] <akil e Awolo] A EASMISH WNPSHIS o] 8:31%ict,
EASMIZ} 9F0] Zh& Lfehd wf, A9I=0] 49 uieto] ofo] AE wn F9j=o] sl
%ol o] WAES Uehdt}, ofuf Wejwl 8] S-olA A7 w3to] Uenir ek,
oleigt A7I3My <Bhe HiEo] UEelm AEelA] Lol FEAE BAA7IE et
2 SH A0 ek, W EASMIZE 9] 7k 71 W, 31719k <edlo] waysle]
o] FEelm BAelA Eoli dEelm AEelA ek oleiet sl% el
qake TejT EASMIE BjF Ao} 0,539] & AWAS Tl Qubdow BlFol
ZolEe AR W, SEEeF 1790 PRl ket B2l A3 (steering flow)
ulg} o] F3k=t| [120E-140E, 10N—30N] A oA 52] A4S 71 W SAJegeF
71oko] BERE R BE5A Halol Hjo] ke 9 Yo BA] £& 2US

0.

N

M i
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AIXF, Wbl WNPSHIZ) ko] ghS 71 wl, BAEEer 27]10] EEwern] 1%
alo] ejFo] BAEjEe} 17I%fel Fhmuta BAksl] Foli WERelE WA o
1% A BAEEF 17191] X7} ESWNPSHIS) 0,559] £:0] Aphe L,

2 1zo} sk o] wWETe] AS BAel7] $151o] EMI, EASMI, WNPSHI
2 AMgaiT S Bl that ARAL wiAls7] $1510] 7t Index 7ol ATHES
A T AT EMIE OFE Index ST} 0,389 AL 714 uhE, BASMISH
WNPHI= -0,830.2 o} & #elo] Qi A0 it} (Table 5).

(a) Correlation between PC1 and SST (b) Correlation between PC1 and Z500
N
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(d) Correlation between PC1 and V850
N

e
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|
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Figure 3 Temporal correlation coefficients between the observed and normalized EOF first mode PC time
series at (a) SST, (b) 500 hPa geopotential height, (c] 850 hPa zonal wind, (d) 850 hPa meridional wind. The
black contour line depicts the region of significant correlation at the 90% confidence level from Student’s #test.
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Figure 4 Composed TC track density anomalies from [b) Kim et al.,, 2011, [c) Wang et al., 2012, (d) Jin et
al,, 2013. (a) the spatial pattern of the EOF first mode of TC track density in this study.

Table 5 Correlation between EMI, EASMI, and WNPSHI.
Corr. EMI EASMI WNPSHI
EMI 1 -0.38 -0.38
EASMI 1 -0.83
WNPSHI 1

3.3 EiZ FI22} MME XI2Q| aHY- 7| HEM 2N

MME 9|5 AL=25 o]t BlE A2 4= AAEh7] fiste], oF Aol B d=et
wdo] gl 5 A=Y Si-Hi7] Mol tiste] MME A=& o]-gso] HEA Ko
‘Jee ABIAH. 1 29} U5 A=eF MME Afelol| EMI= 0,88, EASMI= 0.72, 71¥]
3l WNPSHI= 0.799] w9~ &2 AHes Ueil A2 85 A=olld vehd 71+
IndexE 2 WLOJ5l= A 2= H7Pert (Figure 5, 6). MMEE: o-§-51o] Altke st 7]
e U35k IndexE3 EOF w45 F3lf Atk HIS U= 1 RES] pCe}t A
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BAS 5190t} (Table 6), L A} 1 mode PC= EMIQ} 0,41, EASMIS} 0,48, 12|31l
WNPSHI®} -0,279] Al Ureldit), ¥ 2kEojlAl= 1 mode PC7} WNPSHI} 714
E2 RS Bl ¥, MME zpaofils 7 W g S Bl 5 Almolile=

AR a7|e HEsdo] BiEe] Aol 2 G nIAARE MME Ah=ofA= 19

gl A2 242 shetl 2lol i th7] Index®] AIZHAQl Mg efof k4

HEAE o9 295t} wleba] ool A o)E tjF3l above year, below year dfjof Tt
T7HA Q] HlAYSE B4 o] R3St Figure 7-2 above year, Figure 82 below year

5
s

o] W=2 MME 12]3 MMES]| AR5 Zjdmelo] sH2} &} (anomaly field)o]t}, SST
= above year affof] Bej¥ oA o] WS Uehy, U2 557 FEAIL 4
Aollx= el HAE B3It} (Figure Ta). below year 3oz s5=allE RS AEHH
& tF-EL] A HollA] oFe) HAE UEtm, FEE ) FRAl S ol 5o Hat
£ UERT} (Figure 8a). below yearoll= Z 2| 3l|7k4] d7]& (warm pool)©] =] o]
el Z-0] above year®th AZof|x] Wol gt Ao FA] Hrk E5F SejEeF 117|¢e]
It Ax7) Bl 5880 gpmo| above yearofl= HARCTE £Z2 07 below yearol= A&
O 7 A=, below year A d FE|HGF 117]9F0] A&7 H=5PH A 9itofA A
gk EjFol gt 9 YR o BA4sl] ojef 20S FATT oF% v above
yearolli= SATEIEGOIA BiFo] B8] golates A7 E5-& Hi= W, below
yearolli= 17|94 5 W0 HlEol o ml= Wx|7] 318 ede 243t MME
© 85 AmEnt HAP A7) s AR vt Aeke Yehdiar Slct iR

A= PNU7} above yearofli= Be|H sl Hof|A] k2] HAE HIL, below yearofl= &2
HAE B= v /o] Uebkt, Z18]al NCEPZF POAMAZ} 5 &bt 7H FARE
& UEh STt

d

i)
)

Table 6 Correlation with TC EOF PC1 and observed and MME forecasted indies (EMI, EASMI, WNPSHI).

Corr. EMI EASMI WNPSHI
Observed 0.49* 0.53** -0.55%*
MME 0.41* 0.48* -0.27

* 95% confidence level
** 99% confidence level
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Figure 5 Normalized time series of EASMI, EMI, WNPSHI and the first mode PC time series of TC track
density for 1983-2005.
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u

(c) WNPSHI
3

25 Correlation = 0.79

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Figure 6  Normalized time series of (a) EMI, (b) EASMI, and (c) WNPSHI for 1983-2005. Black and red lines
denote observed and MME, respectively. The numbers indicate the correlation coefficient between observed and
MME.

(a) Observed (b) MME (c) APCC
o - -
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B

(d) MSC_CANCM3 (e) MSC_CANCM4 (f) NCEP
on

TE N0E T 1sE 160 EE I T T T T T T T
= = =
T & & e T & & e L
(9) PNU (h) POAMA

= -

Te0E 1E ME I 160

Figure 7 Composite anomaly map of (a) Observed, (b) MME, (c)-(h) individual models during above year.
Shading and vector in each Figure indicate SST and 850 hPa wind anomaly, respectively. In each Figure, dashed
and solid lines represent observed climatology and above year 5880 gpm, respectively.
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(a) Observed (b) MME (c) APCC

(e) MSC_CANCM4

Figure 8 Same as Figure 7, but below year.

3.4 HE ZIZ A™ oSS It Xl JHL

2 Aol A= s th7] Wl ThE EiS A2 545 7HAAL Q= EOF 1 REE
o =317] 9J5}9] 9= Z]4= (Tropical Cyclone Track Index, TCTI)E H Fstolct 9=
Ao W o AE 29 W (Multiple Linear Regression)2r ©|-8-8F3Itt, ths A3
39 S ofe Y SHHeES 7R shu] SERSE A5 fIRt 3 2
o[t} TCTI Zl= 7HEHE $J5te] = A=3t ohygl APCC MME A=A % e 212
A WA RE9) =0 AL UERE EMIQF EASMI A48 o]93l3c) E3 o] T
Alg= A=7to] o] Wol 3 AlS ol 2429 QIAE ARESE ol Agdsirtal
=G o AY 39 S ol8ste] ek TCTIS] ¥AIAE 4] (6)2 2t
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TCTI= 0.317 X EMI+ 0.396 X EASMI+ 0.007 (6)

9] TCTI:= 5% APCC MME S|SARE ©o|-§3F TCTI A= A4k fl8ke] APCC
MME Hindcast AF2S o]&slo] I3+t 1 A7} APCC MME AHE 0|83} TCTI=
EOF 245 &3t Hie M=ol A §A RE0] PCR= 0,58 o] & 4
om ol= 99% 4 Sl 2L o= HiF XE 1M =9} o] Q= T Wt
= o183 E o Hrb =2 S UEhltt (Figure 10). TCTI= 53 APCC MME
ANSAEE o]8ste] & 4= it} MMEE o83t TCTIZ} =01 H§ %

31 HE7F 55 U ER Bigo] 55 AA e 2 Ui s
go] At} WHf= TCTIZ} 24HoH, Higo] d5=dlE AA Lojd, HET o= 45

o 7Fs/dol F= Yuieith

r o)
ox.
tlo
=
=
b

Regressed Hindcast TC track forecast
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Figure 10 Normalized EOF first mode PC and TCTI time series from 1983 to 2005.
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= ollM= A5 SAEE Gl Tt olFdhs BT A2E S8
ol3}o], 1983 E] 2005 7R TWE ALE9 MME A o|& A2E o] 8slo] glE 22
oFe] S AR o1& S8 fRt A S Rl HiE AR MEde
= &ofo] o|FolFtt. HiE I2E WS HiEshe 3 WA e 37
= AAtoll A 51 El Nifio Modoki 39| g Z1=of vl ARl LIERAT.
o5 Efj& EMIE 233t ENSO Index¥te] A& ii\}fﬂ A} gl52] H=Z2 A A
HE= EMISH #3o] 7P w7 UERET HIE Zl=e] A ¥4 BE PO #S5 AlR
& d7] We/ds Ye= Index Foll 4] EASMI, WNPSHISHE 52 H&/dS LERIT
2 MME o EA}57F WNPSHIE A2 ELoJ3}2] 3519 0n, WNPSHIE= EASMI}
=2 WElo] 9= AR YEh TCTIE 5k 8402 Al2lH i

l‘_9.
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3 AT T HE 715 Sl o] BEAR, e APCC MME A2 of
Gato] B et s 7] BE Aleloll WS 2oL, ol EUE HiE A& oS0
0] B 4 Sk A ASISIEE, Al SRS TR TCT A vieo R
g5-0] A I2E oAf&Ssk=t| =wol 2 Ao 7|tieit] sHIvE AA] o =7]3e] Y
of| AE3}7] el A1+ TCTI R|4=of thgt A= (e.g. cross—varidation), training ©]$-2l
200658 FA7IA| 0] A oll&/d 5ol Bashet & At 7S TCTIof thgh
A A% Hgel  ATolqs Fu28 AasH 24 gF A% EOF 2, 3 WEO)
84o] Zxow Washhn weber,



APCC MME XI=2E 0|88t SAEHEY EiS TIZ Fe

0%
AT
1z
re
4

REFERENCES

Ashock, K., S. K. Behera, S. A Rao, H. Weng, and T. Yamagata, 2007: El Nino Modoki and its possible
teleconnection. J. Geophys. Res., 112

Camargo, S. J., A H. Sobel, 2005: Western North Pacific tropical cyclone intensity and ENSO. J.
Climate, 18, 2996-3006.

Camargo, S. J., A W. Robertson, S. J. Gaffney, P. Smyth, and M. Ghil, 2007: Cluster analysis of typhoon
tracks. Part 1: General properties. J. Climate, 20, 3635-3653.

Chan, J. C. L., 2000: Tropical cyclone activity over the western North Pacific associated with El Nino
and La Nina events. J. Climate, 13, 2960-2972.

Chan, J. C. L., 2005: The physics of tropical cyclone motion, Annu, Rev. Fluid Mech., 37, 99-128.

Kanamitsu, M., W. Ebisuzaki, J. Woollen, S. K. Yang, J. J. Hnilo, M. Fiorino, G. L. Potter, 2002:
NCEP-DOE AMIP-T reanalysis(R-2). Bull Am Meteorol Soc, 83, 647-664.

Kim, H. M., P. J. Webster, J. A. Curry, 2009: Impact of shifting patterns of Pacific Ocean warming
on North Atlantic tropical cyclones. Science, 325, 77-80.

Kim, H. M. and P. J. Webster, 2010: Extended-range seasonal hurricane forecasts for the North
Atlantic with a hybrid dynamical-statistical model. Geophs. Res. Lett. 37, L21705.

Kim, H. M., P. J. Webster, and J. A. Curry, 2011a: Modulation of North Pacific tropical cyclone activity
by three phases of ENSO. J. Climate, 24, 1839-1849.

Kim, H. S, C. H. Ho, P. S. Chu, and J. H. Kim, 2010: Seasonal prediction of summertime tropical
cyclone activity over the Wast China Sea using the least absolute deviation regression and the
Poisson regression. Int. J. Climatol., 30, 210-219.

Kim, H. S, C. H. Ho, J. H. Kim, and P. S. Chu, 2011b: Pattern classification of typhoon tracks using
the fuzzy c-means clustering methods. J. Climate, 24, 488-508.

Kim, H. S, C. H. Ho, J. H. Kim, and P. S. Chu, 2012: Track-pattern-based model for predicting seasonal
tropical cyclone activity in the western North Pacific. J. Climate, 25, 4660-4678.

Kim, J. H., C. H. Ho, C. H. Sui, and S. K. Park, 2005: Dipole structure of interannual variations in
summertime tropical cyclone activity over East Asia. J. Climate, 18, 5344-5356.

Kossin, J. P. and D. J. Vimont, 2007: A more general framework for understanding Atlantic hurricane
variability and trends. Bull. Amer. Meteor. Soc., 22, 1767-1781.

Lee, D. Y., K Ashock, and J. B. Ahn, 2011: Toward enhancement of prediction skills of multimodel
ensemble seasonal prediction: A climate filter concept. J. Geophys. Res., 116, D06116.
Reynolds, R. W., N. A. Rayner, T. M. Smith, D. C. Stokes, and W. Wang, 2002: An improved in situ

and satellite SST analysis for climate. J. Climate, 15, 1609-1625.

Sui, C. H., P. H. Chung, and T. Li, 2007: Interannual and interdecadal variability of the summertime
western North Pacific subtropical high. Geophys. Res. Lett., 24, L11701.

Wang, B., J. C. L. Chan, 2002: How stron ENSO events affect tropical storm activity over the western
North Pacific. J. Climate, 15, 1643-1658.

087




088

APCC RESEARCH REPORT

Wang, B., Z. Fan, 1999: Choice of South Asian summer monsoon indices. Bull. Amer. Meteo. Soc.,
80, 629-638.

Wang, C., X. Wang, 2013: Classifying El Nino Modoki I and I by different impacts on rainfall in
the southern China and typhoon tracks. J. Climate, 26, 1322-1338.

Wang, C. Z, C. X. Li, M. My, W. S. Duan, 2012: Seasonal modulations of different impacts of two
types of ENSO events on tropical cyclone activity in the western North Pacific. Clim Dyn.
doi:10.1007/500382-007-0234-0.

Wang, H., J. K Schemm, A. Kumar, W. Wang, L. Long, M. Chelliah, G. D. Bell, and P. Peng, 2009:
A statistical forecast model for Atlantic seasonal hurricane activity based on the NCEP
dynamical seasonal forecast. J. Climate, 22, 4481-4500.

Zhan, P. F., Y. Wang, and M. Ying, 2012: Seasonal forecasts of tropical cyclone activity over the western
North Pacific: A review. Trop. Cyclone. Res. Rev., 1, 307-324.

Zhang, W., H.-F. Graf, Y. Leung, and M. Herzog, 2012: Different El Nifo types and tropical cyclone
landfall in East Asia. J. Climate, 25, 6510-6523.



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)





