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Abstract

This study investigates the influence of large-scale background state on tropical
cyclone (TC) formation in western North Pacific (WNP), using OLR and the
ERA-Interim reanalysis for the warm season (MJJAS) of ten years (2000-2009). First,
synoptic-scale cyclonic disturbances are identified by 3-8 day filtered 850-hPa vorticity
centers that attain certain strength and area during its life longer than three days. We
identify a total of 165 cyclonic disturbances that eventually developed into named
tropical cyclones (TCq in the JTWC best track data) and 314 cyclonic disturbances that
did not (TC,) in the ten years. This gives a TC genesis probability [Pt
=TCy/(TCy4+TC,)] at 34%. We further analyze Pt in the large-scale background state
including low-frequency flow associated with ENSO and MJO, and n=1 equatorial
Rossby (ER) waves.

On the low-frequency scale, corresponding to the broad-scale changes from
unfavorable condition to favorable condition [(cold, normal, warm) years x (suppressed,
convective) phase of MJO, all six combinations], the number of TCq increases and TC,
decreases but the total number of disturbances remains nearly unchanged (~31 per 100
days), so P increases from 23% to 44%. For ER waves, both TC4 and TC, increases
from anticyclonic to cyclonic phase at 850 hPa but TCq increases more so P increases
from 23% to 41%. The influence of ER waves together with low-frequency background
is more evident: P is 50% (109 TCq4 and 110 TCq4 occur) when both ER waves and
low-frequency vorticity fields are cyclonic, while Py is less than 5% when ER waves
and low-frequency vorticity fields are anticyclonic.

Most TCs occur within the NW Pacific monsoon region (5°~20°N, 120° ~155°E)

where ER waves tend to grow and attain maximum amplitude. We analyze the
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composite ER wave structure relative to TCy and TC,,, respectively. Overall results
exhibit unstable baroclinic ER wave structure in the presence of vertical and horizontal
shear that is characterized by zonal wave # 6 - 7, SW to NE tilt, convection coupling,
and meridional asymmetric structure. TCs formed in the cyclonic center of ER waves
show a strong convection coupling with waves. Those TCy4 formed in the anticyclonic
center of ER waves are generally located in the SW and SE confluent flow east of
cyclonic center of ER waves, resembling theoretical ER wave structure. Those TC,

formed in the anticyclonic ER waves center are rather weak.

Key wards: Tropical cyclone genesis, low frequency background field, equatorial

Rossby wave, developed and nondeveloped disturbances, composite analysis

vi



s O B 2 N S e 1
e i1

ADSTraCT . . . e \Y
B B vii
e B B e e iX

L i S - 1
FoF R FTHEBEL R 5
2L R 5
22 MIO AR BLZe BB ottt 6
23 FHBAABERAFERLD 7

3.1 B L MMFEERFRZ A TR o 8
3.2 Aty MIO $H#84 F 522 S L 8
Frd GV CESERBH 12
41 EPYEREER DITCh. ettt 12
42 BT ER BRI TChu e 13
43 Y ER B E R ITCh et 13
44 BT ER BRI TC0 e 14
45 E R ERA BT L 15
B T R BB 16



..................................................................

viii



% P&

%1 2000 & 3 2009 &% 7 ONld#ice i=d #c3 % 4 ONI %+ & %28 05C »

% 3

§d HcF N & ONI M3t & E30-05C o izd ~ 24 ~Fd Eiran|ii &g
PHFEAENERLIATTERZ P T I ") 24
TCy#r TCy e Fo 4 # B -5 100 % chilic# ~ fcgr TC 4 2 4 % Prg o
FEELN T d #F A or TCyerdic® 455U B w #cF & 7 TChendikd o« =7 2
#ick 5 TCy¥r TCy % 100 X et frof A 5 Prge
#-TCy2 TCom &R ~MIOAp = ~ERFAREF A 2 #3] & &2 TCy

2 TC g 2 TC 24 85 Prg> A 3217 100 = 42 1+ -



Bl 1

" 2

i) 3

B 4

® 5

1] 6

WP &

/w5 2000 £ 3 2009 EewEE (7 P 24 ¢ )MIO A1 OLR o ff L 55T
B(os)BE B 52 RMMAp = (ER)2ZPFF A7 - #RMM 4p =B 528 % 7

> i %P8 OLR f BB #7442 MJO FEEAp = - 148 % 2 RMM % 4,56 4p

()TCq 22 (b)TCy - ER it £ A (1 #) 22 30 % i # T 390F & (4idh) 2 $cF W) >
Hm5 100t S H e E ERASIFEARL 30 X FHTIF RS 5 F
2 B A 0 e 31
MJO #BE4p i (@) & ~ () % 4 fe(e)i4 & 112 MIO 7 5 iEAp = fe(b)m
E~(drFEferE2 ESRed 185 27°Cr1 L 24 4 6 8 R (SST) » in
% 850 F bk %o % @R G 200 F -850 F ke b LE b 20 AR T

AR B 7o BEEE 5mMS o w8 i TCyodtpi% - E85 TC, i i

Ca TChZ 2 PR ARF BH2Z A Gr AR 283 47 TCy B #c
F#F 47 TC B LI 4708 FAVEAT TCH 2% Prg v &
R MIO 2 Bl 5 100 R R R R L 34
d EREiFARZ TCo &+ hER B> 285 4k% 537 .« o (@) 5 % OLR
(¢ rF o Wm?) S ER B H 2 OLREET (% @4 > FIE: 2Wm?)% 850 7
bl H(h 4% > ms™) o gk ki 0.3 2 b o (b) 5 ER &£ 850 F 4R
B(§FF - HEimish) %4 %55 850 F tofgdcd > §45 1.5x107 st 2
f4cH o mAL 15x107 st 2 45 £ 3 jna 4 57 850 F 2 b 3 o (C)F (D)
B> e 5 150 F #ao

VRS2 EF LA R T e 5 Blo(@F ERAKZBA



B¢ ) e BRI (EER > ARAFHHL P FEES 3X107sT) > (b) 5 ER %

BB RIET (4 H)S LD R Fo(S BN RE L EAg ) AEH

B h hPaS Yo 36
F7 FH5 2d EREFERZTCi S FFERBEH oo, 37
B8 FH6 zd EREERZTC S $HEREE e ..., 38
FO FH5 2d EREFRZTCoL FHERBH oo, 39
W10 W6 ied ERJFR2Z TCog $enEREE BHe ..o, .... 40
F1l E@5 ied ERFFARZ TChs $ERBH ..o, 4
W12 @6 ed ERJFR2ZTCo g $nEREE BHe ..o, .... 42

Xi



#4 F *x(tropical cyclone, TC) £ = 3t 51 3 LRI TR > chgu /303 B4 &

L gl 7] X F k see & F %24 & (tropical cyclone genesis, TCG) & 4p #e3s e F

CRFEFEF(UTHARE)F RIS R BRI E T RT F
R FEXRE FHFIAAR AR REESFE TCC Ty -

Gray (1968) /85 ix se3"§Fip 1+ B 3 1 TCG sk s> & 37 & & i (sea surface
temperature, SST) % ** 26.5°C ~ #ink Mg TP A7 € F ki ~ a5 77 k7 =
i g PR YRR Bl R E R s R S E R R A h S Sli(H At
A2 = B 5 &) - Ritchie and Holland (1999)# Yoshida and Ishikawa (2013) 4 7 & #*
+ - % (western North Pacific, WNP) + = & 732 TCG 2. fFF eraff 2> H @ 1 70%:h
TC 2 = 22 £ B # (monsoon trough) 7 B e+ = RILF-HieiE A £ X FRh &0
(monsoon confluence region) 2 % h B *» 4&2(monsoon shear line) - & WNP 7% b #®
(i & F 8§ 8 5 5°-20°N, 120°-155%E) » % b Hf chf %58 b+ (—0uldy > 0)¥ s b
i £ (Oulox < 0) ¢ FRX 4 = R4EHH B4 % (wave accumulation, Sobel and
Brethrton 1999, Kuo et al. 2001) 7 i€ # < & &5/ &2 3=ty 56 - ° b+ 5 1% WNP
Bp kg BRI E AL A AR o ¥ o> Wang and Xie (1996)% Xie and
Wang (1996)4; 11 F kb %l b 28 b *rs £ ERFLAFES G E RITLME A
ForEEEIRREE LB HRER > KT R R ERAF D AT
A i -

TC 2 2R E XL RRTPRE » 2% R T H R % (El Nifio and
Southern Oscillation, ENSO)¥t+ TC ##- @i 582 55 3% 5 # 3 (6., Wu and Lau
1992, Chan et al. 1998, Landsea 2000, Wang and Chan 2002, Chen et al. 2004, Camargo
and Sobel 2005, Chen et al. 2006, Ho et al. 2006, Zhao et al. 2011, Wang et al. 2013) -

Wang and Chan (2002) *t3* 7 1965-1999 & WNP #7 kb % (tropical storm) % & 2 }
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F1TC 75 #5 2 ENSO 2. ¥ e # » 6 P Fze ENSO #F WNP > # e TC 3B © &5
85 e s rElNifio (La Nifia) 5§ # 5 chTC 913 & WNP chik 3 (7 4) 10 ¢

F 5y ¢ P ENSO # TCG %2 48 4] (Landsea 2000, Wang and Chan 2002,

-

Chen et al. 2004, Camargo and Sobel 2005) > % ¢ ~ % ¥ & & & L ¥ SST oz 3¢ 4 pF
El Nifio 51Accn R & b JET € 4 M A KT h *7 > @ WNP ehZ b 3 5 ¥ »
R > AR 5 TCHF A WNPhdk & /2o F 2 » F @ A TN f 4 T%
SST g # 4 pF > La Niflaslden R AR IETHEHF TR > @ WNP chE R
e d 34 Eg s TCH 2 & WNP eha # 472

3 B % p = A& o Madden and Julian Oscillation (MJO; Madden and Julian 1971)
B2 TCG w7+ ¢ 5 3% %4 A 7 (e.9., Liebmann et al. 1994, Molinari et al. 1997,
Maloney and Hartmann 2000a, 2000b, Molinari and \ollaro 2000, Maloney and
Hartmann, 2001, Frank and Roundy 2006, Harr 2006, Ho et al. 2006, Nakazawa 2006,
Kim et al. 2008) - Liebmann et al. (1994) 4 5& g i¥gra « T MJO &2 TC 2 ¥
R ko B P ITC 4 S By BIRAp pEY F tasap pEdp (B 100 ® 2 B k) o
e §33 TCerap TC vt i Aggdp P82 % 4p & - R &7 MJIO 432 252 TC
his 3 B L 7 P A -Kimetal. (2008) 4 5 1979 # 3 2004 & § (= #/4 7 ) >
WNP + MJO #p = TC & B % > B % 51§ MIO $fiidp =3t WNP B >
TC 2 = #c§ 3 4c o & El Nifio el iz > MIO i EAp 5l AeenM R & 1
FETH AR TR T FRH > REFEFEHFE S TC ok -

#F 7 RAS(F FHE S F ¥ & equatorial Kelvin wave~ %2 1+ ;& Rosshby
wave ~ R & B2t — & 4 4 mixed Rossby —gravity wave)rZ 2 % § 2 & #2r TC
4 %% 5 ¥ Hd(e.9., Yamazaki and Murakami 1989, Numaguti 1995, Chang et al.
1996, Dickinson and Molinari 2002, Frank and Roundy 2006, Molinari et al. 2007,
Chen 2009, Chen and Huang 2009, Ching et al. 2010) - 3% Ching et al. (2010) %4 =
Wy hf & o Wheeler and Kiladis (1999) 4 47 &7 s do 22 $4in 1% £ > 3% A4
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B T2 R ST Tk (Matsuno 1966) 0 gt v @ * B Sk AT BA F T
AL f a2 FE# L d 5L o Frank and Roundy (2006)4]* Wheeler and Kiladis

(1999)# &gk = 3¢ > #- MJO ~ ER ~ MRG-TD ~ Kelvin = f# 4 # 11 TC 4 = p% %]
Y LB EFES > BB MIONER 2 MRG-TD & TCG B R AR o

THEFPF A EHEB A RBEEHTCCEE > e TCCX F £ RS
B 8ewT b - Ching et al. (2010)87 § 2004 # = * WNP gL 458 b 2 = R
Flo W g R ? e EINifio ~ * &t e MJO 7 4p 82 BB andh A 5 3% 157
FAHEFESFE S TC ¥ kB - rhy w Fg s s TCC vw § >
Br FEFTHEFLF ARTHEY o

WAL R duh v < SR H B TC A i B R 3R
22 &2 3 48§ > - Pengetal. (2012) 2 % Fuetal. (2012)4 %453+ 2003 # 2 2008
E- Q4T AT FERETA ST ER RV RFESTCE X #E = TC (g #
ZFBIRBEE o B R BT 3 ¥ EHF 3-8 X Rk 850 F tadptiE A - SST 4
P RRRER S AR FEEAFERG ] FEEEE B P
BARRESEAPHER S A A WNP  # BEH S A5 BES L
B e B 58A B 50 1) 800 F kol &, 2) 20°x20° 5 B TE A 5, 3) 20 & b K
IS 20°x10° = Bl -2 T 32:00/0y, 4) 20 % 12+ MAE TR 10°x10° F FI L E T35
f54c 0 B o WNP # 4 2 44 524 TCG AL 4 £ & o

EEFHIRFTEF IR LEWNP BB LR FRAERAFES TC TR

bR RRFARET BBV UFESTCOHA N RAH A RES

3

CREFARBH TCG dndh APt FEE A EES AL HE S fIr 10

BREF(T P D40 )REAF AN - HEABRF TR HOOERF &k ol

P ETCG -
AFPTAXT R o FFEPRY TN 3 FERFEAFERD
e R RFEHTFERGE BRSO R T SR H T et
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LA > 7 = ) 2| > 3 R
RoF R FRsEL

21 #7 FH

A 41 g ¢ ¥ X F FE4F ¢ o (European Center for Medium-Range
Weather Forecasts, ECMWF) #1# i &1 ERA-Interim (ECMWEF interim reanalysis data)
AT R T e 545 K nSST; # B A5 1000 hPa | 100 hPa £ 23
R oig TR RS LT FRG SRR CHIC R HRTREFARG
0.75°%0.75% P P B I & = [ P i@ * PR jE 2000 & 3 2009 o5 (7 » 24 # ) -
AP T RPRERY E2 RS F FEAFEE LA (National Ocean and Atmospheric
Administration, NOAA)# &% p ) FEw F £ 4§ 5+ (outgoing longwave radiation,
OLR) TR bl 5 $Fin 8 e indp ik 347 & 5 & p - 4 25°%25° @& * pFRF o L 2000
£33 2009 #E % o

B AT R RahAkg BUAE > AR+ Wheeler and Kiladis (1999)
o b el B O A 4772 - ERA-Interim § & & T2 OLR Jg &) MJO ~ ER &
BEF A F TR - MIO R E P S A B 0 3] 518 30 3] 90 * chd B350 S

ERAEB e ddicl 3] 10~ i¥8p 10 3] 40 % cd @5 o BEAR L 2 724 g )

s

MRG-TD & (A # 0 3] 14 ~ 38 25 3 10 % g @ 5) » R AP E pF g
B TCAHFFHEH > 3 5 5 F R0 A F 8 TCG ehbf 3> Ft k2 ¥ 3
313 MRG-TD # TCG @8- ¥ - = 6 > § &7 3 45 &t Wheeler and Kiladis (1999)
A B AFELS T2 A NG T g TC RS TREE (e,
Schreck et al. 2011, Schreck et al. 2012, Aiyyer et al. 2012, Schreck et al. 2013) -
Schreck et al. (2011)3% = A B4 F #4722 &2 = 2 ##F A &P TC R Fin

# "?ii/é% o2t iy dg o W id H A F TC sy R EL A A GE P IR BT A



FOHMOWRERK R 7 »TC AP LR 25T L2~ > @ B
i 4 ",ﬁvf TC 7 2 F AN H-# % phit i €2 % TC 5L ",4r? PR E 2

TR ATH G IR R TC A 4 ARURLA TR ACE o B KL IR SO A 4T

FAF VAR TCHRERE > wp o v E &g R TCRUEA E > Tl A
T F sk TC B A s~ 472 e 8 o

Y RieL EhESE AP £ Y NOAA f 2558 ¢ < (Climate Predict Center,

CPC)# 7 ONI 45 #%(Oceanic Nifio index, Xue et al. 2003) - ONI 45 #4_11* Nifio
3.47% 3 (5°S-5°N»120°-170°W) = B * ejfp f> L 32SST jp 4 § 13 @ 7 3| F T & »
ZEFRFET B OON Y B2 E05CTE FHE 2 (EINifio) 7 B2
Mt E-05CRI 5 F FEE #(LaNifa)o 1 5 1 & I F (T FI4 P )i
ZEWBLE I Y g E T2 ONI 33 03 C T R%E L HE» FosE T a2
ONI 3 -0.3CR| 2 & 5 /4 & - %516 2000 &# T 2009 #i% * 7ONI & 4+(% 1) » &
if* #- 2000 ~ 2007 ~ 2008 # _% = /4 # ; 2001~ 2003 ~2005~2006 # ¥ & 5 & ¥ &

2002 ~ 2004 ~ 2009 & % % 5 85 & o

2.2 MJO #p 2. Z_&K

1M S & MIO FEE 3 WNP ehig ik - 24 i #2000 = 3] 2009 = 0%
MJO it f i OLR & T 358E-T E (4 F 5 0°15°N ~ 110°-170°E)¥ RMM itk
(Real-time Multivariate MJO index, Wheeler and Hendon 2004) .+t $& - Wheeler and
Hendon (2004)41* # 3 + % 200 # 850 | o+ b # ¥ OLR “%-i ENSO £ 4
120 = vz bz MAAEL USSR R S Bic(empirical orthogonal function, EOF) 4 47 18 >
3 3 i 2 = & (principal component, PC1 &2 PC2):> ¥ 7_% % RMM1 &2 RMM2 »
HfcEv A2 MIO i st fp i gty > 29 RMM £4+5+6 4 =2 MJO

MELI R 3B F A I dTERRF B 1 5 MO AR5 OLR 6 ff T 25T
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B2 RMM Ap =2 pFRF B 7B > AP 2% OLREET B 4>/ 3t F 2 dehd e & 5
MJO EEEAR eidednp » OLR JET @ A3 R 2 s ch¥ e X 5 MIO AR e
PP R THE L MIO EEAR = AoBl 1 Ao 0 AP & 9 MIO EEEAR
ARTHERMM a1 456 4p (B LA %) > & MIO iER4p 01 #F 2 148

B R 7 & 5 MIO 7 AR 12 o

23 FHRBZAFREHFF L R

Peng etal. (2012)22 Fuetal. (2012)3t: 7 # B & A% B d § 320 # P ehiE
Bt L T L)F RSN IRIRenT I L T A 400 2 2 5 2) 3-8 X pEF ik A R R
2 10°sT Q) PR AE DA BELT CHFZ T 0L o 20 EFRFER
SHRE AT 0 A PRSE PR R S e > PR F R L T AIEE
1. ‘g4 3-8% pF R gt (Lanczos filtering, Duchon 1979):8507F *a4p %+ & & f =

5107t

2. %3t 10°sT Ap i A 2 do| 6 ff 16000 T 3 2 2
3. HYMEFLRF T2 )P
FOREAFEETREDG F B E XY E S# A § % (developing and
non-developing TC, TCqand TC,) » # " £ {345 % W% & 5 & g b & 47 ¢ < (Joint
Typhoon warning center, JTWC) #2000 # % 2009 # 3 # g i §2 /5 (Best track) 7 42
FEARF LG ELZTCr R TCr R s fd ek TCrriztE2d
g5 a1 165 B TCyr2 % 314 1 TCho 287 % % TCyerndsh £ it * JTWC & it it
EP - Lo =8 > TC R 3-8 % ik 2 AR R B i BB A i pEenpF

GRS EL TR

-
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= ca - F 3 SIS

3.1 i L MIFR ERIFRIZ £ ¥ ik
SOBNRIFIHERFTIFREHFE S TC bl - Ao 30 T
B T I0iE B ot & 2 MO R 2 ER A EE R L TCy fr TCy 2 42 BI(W 2) -
Bl 2.a% 2.0 4 w5 TCq# TC, i MHE H-27 ERiff A& 5747 # B°TCy ¥ § 66% (109/165)
PR B S FRESERFAY A2 (P B2az % - ) 1y SRAe
BB EERSER L) B0 K HERL S FEREERFAR 4 S
FLEHOERL S A MEEERY ERIFEAA S TRESDT FHFR S L
F 2o HMET MRS ERIFRAP 2T BHFER S § > 4B 22 77 >
Aararg TCyenB H 'y ¥ ¢ A ML+ = > W7 5| 7% (11/165) 1% % 4 = it
BEHHEALERFEAM T RIFA L DB - TC, ¥ R 5 35%(110/314)
LA H RS ERFR S E(R2b 2% - 49)> P 1847 A RE(F R ERS
JERB)HIT o TCeha ® A¥ ¢ e ML 2B T3 LB 4 BT AHE
BE LR T RFFA R OHE > F A L FE o ERIFAS MIESFFAR Y
ey JIF BB 22 % - %) B TC 2 5 [Prg =TCqy /(TCy+TCp)] 7 £
50%(109/219) » # *+ 4%, TC 4 = 48 % Py (34%, 165/479) o it it % % 32b8 7 M4E 3

BERMN AN L IHFESTCRE 1 HELE -
3]

32 BEgiter MIO H4F § 4 & i i

- HP NP2 2 2 TCyfry = A2 - ihTC, 2% ER F & &
MARHRER 5 L B JIRE 2 AQE 9 2 e TCq 22 ER I & &2 MO 3 & 4P 4c
TREOTFERTZSEY (Bl 2a? KR RE) o a B MRS PtLLk
f o> i s i (ENSO) 2 MJO » Bt 24 - TCyfr TCy 11 % = § %k end gt
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MJIO dp it {7 o » T4 - wenid %2 100 % 5 A B (BN - #m da 0
BWE R TR E BR (TC+TCh) e TC # 2 48 Prg > B %4k 2 407 o
BPANEZRCRY G Ry P ERFOTHR O TClkd A& ~ 2 £ 2
AEZRFAREZ A (EFHPATL0 5 121010 B) > ¢ % % ¥ Wang and Chan
(2002)% g 2> # it S dp i o v TC, #cB o 95 & L4 & f e 4o (B E L A
WL 182123 ) & 18 P d 8 & 1 40%3ER 5 4 £ 131% o j£_MJO 4p =4t
FHERF B CE A EEAR RES R ST R (S5 3231 )
REEEAR Y R ERAP = { 5 enTCy(13 B2 9 B) > Prg 5 41%22 30% > 4 7
MIO iFEEA R - { FaT R HRBEREL 7 &8 E = TCye & Liebmann et al.
(1994)# > # ipap 13k TC 2253 TC et i) & MIO eAp (=28 ifAp =38 2 4p b o1 BF
7 MIO $t3te 258 TC s F 3 B BT 2 WA » 7 A5 BEF P4 204k 5 71
BH AR PR FI R P ARRE R PR R 5 o AP s s
L MIO EEAP g F L SEBFR A TCo Li- HRp ik L RLES T

S F B S E 0 B MIO B A GEREAD 2 AR R e R R IT R B eh o

i

EaEvsgide MIO Aprp s APFRIhoEE -2 ¥ &AL E 5 & MIO

=5

EEA LG ARPEFREHEE(F 100X ¥ 52 32B)2 TCH S5 (Prg A
w5 40% ~ 40% ~ 44%) - § MJIO 5 7 EEE AR pF > TCq(TC)#icE o o & L ¥ #
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MJQ active phase in cold years (SST)
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