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Abstract

The purpose of this study is to define areas having a high correlation with the
annual variability of the Tropical Cyclone(TC) activities in the Western North
Pacific(WNP), the Eastern North Pacific(ENP) and the North Atlantic(NA). Also,
oceanic and atmospheric factors, which are highly related with TC activities for each
ocean basin, were selected and then possibility of predicting annual TC activities was
examined using the selected factors over defined areas. In order to analyze TC
activities, the Accumulated Cyclone Energy(ACE) was used as the index in
consideration of duration, intensity and frequency of TC. The factors having an
influence on ACE consist of the Sea Surface Temperature(SST), the Mean Sea Level
Pressure(MSLP) and the Vertical Wind Shear(VWS). Overall, correlations between
the ocean/atmospheric factors within the Prime Genesis Regions(PGR) and the Main
Passage Region(MPR) where ACE/TC frequently pass by was insignificant. Based on
existing studies suggesting that the El Nifio-Southern Oscillation(ENSO) has
influence on establishment and development of tropical cyclones, the El Nifio-La Nifa
Main Passage Region(E-L MPR) was additionally analyzed in order to sort and
compare the factors showing high correlations per each sea area. Concerning E-L
MPR in WNP, it is neither SST nor VWS in MPR that has an influence on the
magnitude of ACE. It is rather the outbreak location of TC that counts as an
influence. In ENP, the reason that oceanic and atmospheric factors of MPR show a
high correlations with ACE is different by ocean basin. from other sea areas, the
chance of TC reaching land is small due to the influence of trade wind. Therefore,
the influence of ENSO on the establishment of TC is small as well. As for NA, SST
in PGR, 500hPa RH and VWS show high correlation with ACE. The Multiple
Regression Equation(MRE) was used to sort ocean/atmospheric factors having a high
correlation per each sea area. In WNP, the factors of E-L MPR showed
0.74(correlation) with ACE. In ENP, the factors of MPR showed 0.76(correlation). In
NA, the factors of PGR showed 0.61(correlation). Such results are considered to make

significant contributions to the prediction of ACE.

Key words: TC, ACE, MPR, PGR, E-L MPR, WNP, ENP, NA, ENSO, MRE
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Fig. 1. The typhoon track in Northern Hemisphere (1979~2014).
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Table 1. The results of correlation between ACE and SST, MSLP, and
vertical wind shear in Main Passage Region and Prime Genesis Regions of
Western North Pacific, Eastern North Pacific and North Atlantic.

Factor Region WNP ENP NA
MPR —0.5 1 0.5 1 0.23
SST-ACE
PGR -0.06 0.39%
MPR -0.24 —0.52xx -0.34x*
MSLP-ACE
PGR -0.35% -0.34x
MPR -0.05 0.09 0.05
VWS-ACE
PGR —-0.59%:x —0.59%x

Significance at ** 99 and * 95 percent level

el el 9] MPR SST+ -0.519 &9 A3, MSLP$ VWSE 95%
A FTAA FolskA kil HE e g e MPR SST+ 0.51, MSLP&
-0.52, VWS 93] e 3848 B tHTable 1). HulA oA 2] MPR
SSTeF VWSE  #F98kx  kar MSLPE -0.349 &9 A#s Ht
Emanuel(2005)°] A3 HMe|g gl o] PGR SSTE F9odhA &gk
MSLP+ -0.35, VWSE -0.59¢] A#=2 Blth Bl s el PGR SSTH
0.39, MSLP¥ -0.34, VWS -0.59¢] ##=E Hdu. sz Jaert
PGRZ} MPROIA tf2A vYelvs 902 37] 93 6€olA 11¥9 SSTS
ACE9Q] &9 e Lo th(Fig. 4).
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Fig. 4. Correlation spatial pattern of SST and ACE (a) Western North
Pacific (b) Eastern North Pacific and (c) North Atlantic. Green lines
indicates areas where the difference is statistically significant at the 5%
confidence level.

Fig. 4% 399z 1979948 2014 7]17ke] SSTe ACE¢le] AdwEyE
HolFETh 95% AlFGFdlA fFold o] IS Holx FH oA SST
Adwiso]l Aejg g vlaste] 7] wie] o] Aejxe] SST Wsh= TCAA
A s AT F Yk HFBAFY AL BE

<

- I
H ACES} ENSO9MY] FaAdEs w7

rr

_



R = 0.33

Scale(Index)
0

1979 1984 1989 1994 1999 2004 2009 2014 1979 1984 1989 1994 1999 2004 2009 2014
Year Year

R = -0.39

Scale(Index)
0

1979 1984 1989 1994 1999 2004 2009 2014
Year

Fig. 5. Standardize timeseries of Nifio 34 index and ACE in (a) Western North
Pacific, (b) Eastern North Pacific and (c) North Atlantic. Blue lines indicates ACE and
red line is Nifio 3.4 index from NOAA CPC.
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Fig. 6. Composite of Vertical wind shear for TC genesis (a) Strong El Nifio
and (b) Strong La Nifia. Red point indicates when the TC genesis location
strong El Nifio and blue point strong La Nifia.
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Fig. 62 AuUx(@sh SUtkb) Al71e) VWSS Bxgolm wzba e
A A 7lel) TCRASIA, sheba] [ e dhlupal7]e] LagIAlolt). 5
AU A 7]o] FEHOR TCH HASIL, gipa7els BA%on ofFdrhs

(Dong 1988; Wang and Chan 2002)A ¢} A3t} o] AL E A e ol A

AMZ7 25 719 52 sk (Lander, 1994), VWSe] 74 7HClark and Chu

2002) 711 87] W o= wra xn} 9l
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4, <98 E-L MPR &3

4.1 EAH¥HE L9 E-L MPR &3

WNPA A TCEE9 J&s 5 2 HFol AUrtes TR ol
TC ¥ AX7F T8It o= SAFoA Fo| HAst= 4 TCHE9
N7t g7 wEel FE oA TC/ Ao dex dta A&7 %
Ao A At 194 AE FE k= RS ENSOo|th

(a) ()

uuuuu e

Fig. 7. Track density of Western North Pacific (a) Total, (b) El Nifio, (c)
La Nifia and (d) El Nifio — La Nifia. Dash blue line indicates Main Passage
Region and red line indicates Prime Genesis Region and solid green line
indicates E-L Main Passage Region.

Fig. 72 EAeE Gl AAHN2AETE ¥ (a), AURAI7]Y ANZ2HERE
(b), FUUAI7]e] ARR-ERF(c), dYxA7Ie a7l e] ZFolE el

Aed i 3E (Do)
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Table 2. Classification of strong El Nifio and La Nifia year.

Type Year
El Nifio 1982, 1987, 1991, 1997, 2002
La Nifia 1984, 1985, 1988, 1998, 1999

Aol i) 71 A ZAEIS 9] Nifio 3.4 (5°N~5°S, 170°W~120°W)
A9 s 2% HA7E 571 o] 0.8T ol §AE A¢ Ik, -0.8T
olats: FA& A% dvketar BoJetitiTable 2). &4 42 MPRo|la &
A AL PGRelth dYmsier guvksie] Afeol2 yErdl ¥baE E-L
MPR(E!] Nifio-La Nifia Main Passage Region)® AR o2 YeRa HY
= (12°N~22°N, 130°E~160°E)o. & A3}ttt WNPe Z=2Hls Bxg v
AUmA7]oE ofrolZo R AHFS= TC7F B 2 ur7le] oz AHE
3= TC7F ¥t}+=(Wang and Chan 2002)d -9} < %] 3lt}.

Y Al7lodls F9Fe] Feljx] Ame] Aol ofstHa wEedk =0
B el XAl Hof FHdol Hlal AFo] AstAl yEk, A7 3] o
A e= A o] el st dnt. o] I8 AYx Al7]= TCZF Bdd
vl geol M dAshs d3& Holial(Chia er al, 2002) Uk Al7]el=

-2t (Chan, 1985). HAE]E FellA] A a9
TCE +F ¢ A3 A==z 3% A&EE FdFo] di(Camargo et al.,
2005), TCY =27l HdEu dEEHox 3JofxA ®rhSaunders et al
2000; Elsner and Liu 2003; Wu et al. 2004).
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4.2 B=gge E-I MPR &3

Fig. 8. Track density of Eastern North Pacific (a) Total, (b) El Nifio, (c)
La Nifia and (d) El Nifio — La Nifia. Dash blue line indicates Main Passage
Region and solid green line indicates E-L Main Passage Region.

Fig. 82 HEHHEYoA 9] AANZLERE(a), dYxA7]e] W2LEEE(D),
S 7] =D =R T (), Y A7 G 7] 9] Aol & vEr =
AR E(doley. b Hxe MPRolar  HAAAe E-L MPR  (10°N~17°N,
135°W~93°W) o= Aefslglty. HetH YoMl M=t £Xs Hol fhyukss
WA s MEete 2 ARshs TCr7F Bal AYnsls SdHEdgo R olFsl= TC7
Bl s glM e TCEES Mg TCEEo] o o Sk 73ks Holal
(Elsner and Kara 1999) duUxA|7|o] Z43st TC7F 571 3PH(Gray and Sheaffer
1991), A& o2 o]sdh= Zdo] AthIrwin and Davis 1999). S AYA]7]d
ALH o]F 2~3 A& Holl Heeiddside] do| WEEo] TC7F 43} == olf=
FTE vAUFY] Ao I8 Aw xFoA FAFATE vhsolA] gk TCo

Aol FEfgt F7140 ES ] Wil Ao = YA tHin et al., 2014).
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Fig. 9. Frequency location box plot of El Nifio and La Nifia in Eastern North
Pacific (a) General El Nifio, (b) General La Nifia, (c) Strong El Nifio, (d)
Strong La Nifia, (e) 1997, 2002 El Nifio and (f) 1984, 1985 La Nifia.
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Shapiro AZ< &t F7Hdo® Ayxmael 1997d3 2002d 18]ar #hufafel
19843} 19850 ¢ 1
SFAtHFig.9).

Eb W% GRe) o] AbE FAbHoR A

Table 3. The results of Shapiro Wilk test.

Classification p-value
General El Nifio 0.02
General La Nifia 0.05
Strong El Nifio 0.05
Strong La Nifia 0.09

1997, 2002 El Nifio 0.08
1984, 1985 La Nifia 0.81

Shapiro Wilk test® A4 HEC 2 p-valueZ} 0.1ET 28 uf 90%A 245
o2 AAE 714stA "ok dukdel duyeel gk, A Ay el g
199733} 2002139 AU %= v EEES ®Qlti(Table 3).
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Fig. 10. Frequency location Quantile—Quantile plot of El Nifio and La Nifia in
Eastern North Pacific (a) General El Nifio, (b) General La Nifia, (c¢) Strong
El Nifio, (d) Strong La Nifia, (e) 1997, 2002 El Nifio and (f) 1984, 1985 La
Nifia.

o1 A7H o E915k7] 18] Quantile-Quantile plotO.® z}zke] Al71eh 91w
BEBYAAL ARz FHAEA FARATFig.10). Q-Q plot
7

=
AVES} |EARI AR RS PEAW AFELE wn Wojxy

_18_



o
=i
M
5|
il

WA erhal AR 19843 19859 U LRA 7] o] 9=

ASBa FAE At HATFRES wer,

M
==
il

Table 4. The results of Wilcoxon rank sum test.

Classification p-value

General El Nifio and General La Nifia 0.005
Strong El Nifio and Strong La Nifia 0.007
1997, 2002 El Nifio and 1984, 1985 La Nifia 0.563

e SIS Al 7ML ] ] E327F Aok vk 7S A S
7.
o] 1= 2= prvalueZt 0.050]sk=4 ofet 7MdE 7|7Ritk 19972 2002

o] Iy ieol 198493 198519 ko] $jmd Ry folakA @sk
(Table 4). AYAl7]k ehvkAl7] o] 91l RXE Apol7h L dwkael 2k
)=
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4.3 BEiA%e E-L MPR &3

(a) ()

00000

Fig. 11. Track density of North Atlantic (a) Total (b) El Nifio (c¢) La Nifla
and (d) El Nifio — La Nifia. Dash blue line indicates Main Passage Region
and red line indicates Prime Genesis Region and solid green line indicates
E-L Main Passage Region.

Fig. 115 HulAgelre] AARIZE =Y (a), AYA7|e] =L =i (h), St
A719] BN (e), AYEA7SE 2 ua 719 ztelE b Rz i (d)olh
g e MPRo|aL W7k AL PGR, A48 E-L MPROJUL Htha el
E-L MPR& (10°N~22°N, 60°W~22°W)o.2 Aolalgirt. Hi kel ehyurl7lele
A91mollA] wAste] F#]ol= TC7F Wal YA lol= SAFRoR wAste] o] 5eh=
TC7F Btk el8d ENSO %2 ml=el 45sk= TC “(Bove et al. 1998; Pielke
and Landsea 1999), TC 7%=(Landsea et al. 1999), A ¥(Elsner and Kara 1999)
E JEFS vk Fo2EI TR FH|OE FEERs|bA ofze|Fh Fete|
ol2= Aol 8~99 o] 1T & uwrltt TC RIket A=sE I 52 49%
Z7Hler FlelaE] 3 ol TC 4% 45% S7FHS ®3itKSaunders and Lea

2008). o] A4E W AT Helg HAAH] Azt FAR B Wl



5. A HRY, EEUREY, AR ty], AFAR 54

5.1 |H9¥ ACE® &%
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Year

Fig. 12. The time series of ACE from Western North Pacific, Eastern North
Pacific and North Atlantic. Red lines indicates WNP and blue lines is ENP
and green lines NA. @ indicates El Nifio and B is neutral A is La Nifia.

Fig. 122 dAYxaiel gk, FHOZ trolx] 88 ACES] AlA|d el
WAL AYeAY], EAAE By, SRS FRolth B E s el A
o] AYxAZlol= ACEZF AX AL ghypelli= 2hobA]= @dido] F3lshAl Kol
A FL AYxA7]olE= ACEZ} ZopAa ghuikell = AX= @4o] FEisk)
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Fig. 13. Monthly mean velocity potential anomalies JJASON in 2014.
Turquoise soliding indicates divergent and brown soliding indicates
convergence and red marker is TC genesis location.
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5.2 A9E d7], sFAA 44

g 7], sz AES 9] MPR, PGR, E-L MPRA| 93} SST, MPI,
Tmix60, Tmix80, Tmix105, Tmix120, OHC, MSLP, GH, RH, VWS¢} ACE<}¢]
FBBAE T tH(Table 5,6). A##AS Fdus= 95%0]d Fo3 F=nt
3Lt WNPQ| sl atol| s Fe4=4le] F2olr Qe o=
TE w2 dUEE 2on I FolA MPI®H OHCZF s28kvh ENP+=
Q@

Ql Tmix80¥} Tmix1057} =& AUEE H T NAJdAM= 2449

=
ofj

oo ol
fo

nrh geiie] FeoR B4 gyl dglen] MPIY FS 05124

il

WNP2] th7]1xtell s 150 XQurrth oo Xunr) £ Ades
B o MSLP7F -0.530% ¥ AUEs vyt ogd 29 Au#e TCr
T2 AsHE Aol Yepb S Sl MSLP7F Yrar 47|94 ol 7t
XS w TCHA W=rp otk AL ou|dt). ENPolME F5U7]<d
500hPa%] RH¥= A E7b v wekoemn 850hPa RHE 05562 H2 A4S
Btk o= ENPO| TCi= wi- 2k eie] 7helarg] 301739 elgo] HAe)dadn
o} wo Wixz wAlEty] wiEo]ti(Table 7). NA®] VWSE MPR#} E-L MPR X
tF PGRelA -0.599] %2 A#=7F yetwth. PGRoA = TC7F 2 6t7]
< A IS AAMEITY e QIAES] PGRS AF 9 FaAdS BAlth

off
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Table 5. The results of Main Passage Region and Prime Genesis Region
and E-L Main Passage Region correlation for SST, MPI, Tmix60,
Tmix80, Tmix105, Tmix120 and OHC in Western North Pacific,
Eastern North Pacific and North Atlantic.

Factor Region WNP ENP NA
MPR —-0.51#= 0.5 0.23

SST-ACE PGR -0.06 0.39%
E-L MPR —-0.54#x 0.36% 0.4 15

MPR —0.6%: 0.5 -0.09

MPI-ACE PGR -0.12 0.5
E-L MPR -0.61%#x 0.28 0.51

MPR —0.45%x 0.62: 0.11

Tmix60-ACE PGR -0.36%= 0.35%
E-L MPR —0.57%#x 0.53 0.35%

MPR —0.45%x 0.6 1 0.11

Tmix80-ACE PGR —0.49%#x 0.31=
E-L MPR —0.59%#x 0.54 0.32%

MPR —0.47%x 0.6 0.08

Tmix105-ACE PGR —0.55%x 0.26
E-L MPR —0.59%= 0.53 0.28

MPR —0.47%x 0.59#x 0.07

Tmix120-ACE PGR —0.57#x 0.25
E-L MPR -0.58%#* 0.52: 0.26

MPR -0.56%* 0.62: 0.04

OHC-ACE PGR —0.58%x* 0.33x
E-L MPR -0.63%#* 0.57 0.33x

Significance at ** 99 and * 95 percent level
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Table 6. The results of Main Passage Region and Prime Genesis Region and
E-L Main Passage Region correlation for MSLP, GH, RH and VWS in
Western North Pacific, Eastern North Pacific and North Atlantic.

Factor Region WNP ENP NA
MPR -0.24 052+ 0.34%
MSLP-ACE PGR -0.35+ ~0.34+
E-L MPR 0,54 -0.45% ~0.39+
MPR -0.29 ~0.08 ~0.08
500hPa GH
PGR -0.04 -0.1
-ACE
E-L MPR -0.26 ~0.06 -0.1
MPR -0.3 ~0.28 -0.33%
850hPa GH
4 PGR -0.3 ~0.22
~ACE
E-L MPR ~0.53%+ -0.4x -0.28
MPR -0.27 -0.37+ ~0.34%
925hPa GH
a PGR ~0.33+ -0.28
-ACE
E-L MPR 0,534 042 ~0.33+
MPR -0.32+ 0 0.23
500hPa RI
4 PGR 0.07 0.34
-ACE
E-L MPR -0.2 ~0.04 0425+
MPR -0.18 0.55%x 0.19
850hPa RH
4 PGR -0.09 -0.04
~ACE
E-L MPR ~0.17 0.01 -0.02
MPR -0.14 0.26 0.16
925hPa RH
PGR 0.17 0.18
-ACE
E-L MPR -0.09 ~0.19 0.22
MPR -0.05 0.09 0.05
VWS-ACE PGR ~0.59%+ ~0.59%+
E-L MPR ~0.54% ~0.23 ~0.5wx

Significance at ** 99 and * 95 percent level
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Table 7. The total genesis frequency and category three, four and five
genesis frequency.

Year Total genesis frequency Cat3,4,5 genesis frequency
WNP ENP NA WNP ENP NA
1979 17 10 9 6 2 2
1980 18 14 11 8 3 2
1981 23 15 11 4 1 3
1982 21 18 6 10 5 1
1983 21 19 4 6 8 1
1984 26 18 12 8 6 1
1985 21 22 11 4 5 3
1986 21 16 6 6 3 0
1987 21 18 7 11 4 1
1988 23 13 12 6 1 3
1989 26 17 11 4 2
1990 26 19 14 7 6 1
1991 25 13 8 10 4 2
1992 30 25 6 12 6 1
1993 24 14 9 7 7 1
1994 30 18 7 11 4 0
1995 24 10 19 3 5
1996 24 8 13 2 6
1997 26 17 8 10 7 1
1998 16 13 14 5 6 3
1999 18 9 12 3 2 5
2000 22 16 15 6 2 3
2001 24 15 15 10 1 4
2002 20 12 12 8 4 2
2003 18 15 13 9 0 3
2004 23 11 15 11 3 6
2005 20 14 28 9 0 7
2006 18 17 10 8 4 2
2007 20 10 15 7 1 2
2008 21 15 16 5 2 5
2009 20 18 9 6 4 2
2010 13 6 19 4 2 5
2011 15 11 20 6 5 4
2012 22 15 18 9 3 2
2013 26 16 13 11 1 0
2014 14 19 8 6 7 2
Sum 777 536 436 271 128 93
Percent 34.9 23.9 21.3
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AA A o2 WNPe NAE E-L MPRo] MPR¥ PGRET & A#AAS
Bl o ENP+= MPRe] E-L MPR¥} PGREUF H& A#dAS HAT o]+=
ENP2] ACEE Nifio3.4 SSTe} J##A 7 2HA Yelga SA 2 453t TC7

7] wiolt},

Table 8. The results of selection factor in Main Passage Region, Prime
Genesis Region and E-L Main Passage Region of Western North Pacific.

Ocean Factor Correlation

MPI —=0.6%:x*
OHC -0.56%x*

MPR
SST —=0.51#x
500hPa RH -0.32x
Tmix120 —0.57%x
OHC —0.58%:x*

PGR
MSLP -0.35%%
VWS —=0.59%x
MPI =0.61#x
OHC —0.63%x*

E-L MPR

850hPa GH -0.53*x*
VWS —=0.54x

Significance at ** 99 and * 95 percent level

WNPel Al MPR, PGR, E-L MPRolA A##A7F A Yebds alef, o7l
A2 AWE Az MPRolAE MPI, OHC, SST, 500hPa RHe]i PGR2
Tmix120, OHC, MSLP, VWS E-L MPR< MPI, OHC, 850hPa GH, VWS
7} AR = e Table 8). WNPeA = thEA91E T E-L MPRell 3+ 3%, of
7190250 AdBACE =W AL WNPOlA ENSO Alzzdo] A uj#olar
WNPe] ACE?9] A¥#4 A3 ACEE Z=ef A&7|7to] ZaA#AA7F =udch
olv= dYnu] EF] WAl FEFHol wAE o A

=9

ACE®te] 7k £9k7] mEoltt, Ay,
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, AE7IZEY] £x5 B WNPolM = Aol A[&7]3to] Aol& HRIG
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Fig. 14. Component analysis of ACE (a) Correlation of ACE and
frequency, intensity, duration and (b) bar plot in Western North Pacific.

40
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Table 9. The results of selection factor in Main Passage Region and E-L
Main Passage Region of Eastern North Pacific.

Ocean Variable Correlation
Tmix60 0.62x%x
OHC 0.57x
MPR
850hPa RH 0.55%
MSLP -0.52x%x*
Tmix80 0.54x*
OHC 0.57#:
E-L MPR
MSLP ~-0.45%x
925hPa GH =0.42x%x

Significance at ** 99 and * 95 percent level

ENPoll A4l MPR, E-L MPROAIA A#%7} =7 velvs g, d7]0xE A
¥3 A3 MPRo|AE Tmix60, OHC, 850hPa RH, MSLP¢]i E-IL MPR<
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Tmix80, OHC, MSLP, 925hPa GH7} A=A tH(Table 9). ENPS] ACE®]
BEwA A3t ACE: Wt A &7)3be] aaAzt Eskth(Fig. 15). o=
WNPoH= th2A] ENPolA = AYud gFo] A%ox o Ha] o]§3ste A
71Zke]l AojA i BFe] RER gvdEct o @elx7] wioltl. ENSO9
ko2 WNPS ENPO HE<] whgo] thES mlt)

b

o}o

(a) (b)

FRE  INT 1 e

®®®| =
- ® DUR

ACE
ACE

a0

i~ 1 m CAT3
FRE. @38 o0.02 [,

0

T. 0.38 |[*°
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@) i Fa Ba_
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Fig. 15. Component analysis of ACE (a) Correlation of ACE and
frequency, intensity, duration and (b) bar plot in Eastern North Pacific.
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Table 10. The results of selection factor in Main Passage Region, Prime
Genesis Region and E-L Main Passage Region of North Atlantic.

Ocean Variable Correlation
925hPa GH -0.34x
MPR 850hPa GH -0.33%
MSLP -0.34x
SST 0.39x
MPI 0.5%=
PGR
500hPa RH 0.34x*
VWS =0.59%x*
MPI 0.5 1
500hPa RH 0.4 2%
E-L MPR
MSLP -0.39%
VWS —0.49%:x

Significance at ** 99 and * 95 percent level

NAo| Al MPR, PGR, E-L MPReIA F#aA7} =4 Yelu= i, di7IAxE
A¥e Az MPReIAE 925hPa GH, 850hPa GH, MSLPe]il PGRS SST,
MPI, 500hPa RH, VWSe]®™ E-L MPR2 MPI, 500hPa RH, MSLP, VWS7}
AAHAHTable 10). MPR¥} E-L MPRXEtF PGRoll & s, th7]1Q1AtE o
ABBAAY A EAE olFE, PGRS HIFo] 2 #HE xYgojar ACES
AEEAS A8 u NEet Fert FARAE 297 WiEo g2 B4 HArh NA
A= ENSOC d&ds w7] widd Ay, T, gvke] Al7ld wet ACE
o AFS 7= WEe Bre] FRo| FEErh(Fig. 16). NAS <k, )79l
A5 Gray(1984, 1991)7F =43 vl T Fast Z8/4 942 4
I3t iR Abelo AAubgAlo], Y DU, FFHFE s

|

Ol

o[Nr

=
o

H

lo
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Fig. 16. Component analysis of ACE (a) Correlation of ACE and
frequency, intensity, duration and (b) bar plot in North Atlantic.
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6.1 tFsAA

A Z %) 4=(Variance Inflation Factor, VIF)¥ #2A2x<%%(Ordinary Least
Squares, OLS) 3]|FFA oA tha 344 (multicollinearity)®] HAEE = 3}s}7]

8l AFS-ETH6.1).

Myers(1990)2> VIF ko] 10 o]dolgtd tsaAdo=z A3t ZA47F A=
ou]sl, VIF ko] 5o]/del FAJsokst Awmo] A7} o= o|v| s,

Table 11. The results of Main Passage Region variance inflation factor in
Western North Pacific, Eastern North Pacific and North Atlantic.

Ocean Factor VIF
MPI 5.99
OHC 6.08
WNP
SST 7.57
500hPa RH 2.95
Tmix60 6.24
OHC 7.87
ENP
850hPa RH 1.12
MSLP 1.87
925hPa GH 2571.10
NA 850hPa GH 638.57
MSLP 704.09

_32_



#E A" MPRO sl 1AM VIFZF 5olakql 22 Qlate= Adsta
LI7HFE 3700l A 4707+ 9] ts8lF4s whao] diedte] 7 A ve

AE AAES AATIT. WNPAAE 47] SIAE Fol| s HAAd0R s
OHC, MPI, SST7} A##A7} o} OHC9 SSTE A|Aste] HE2 o= MPIg}
850hPa GHZ A3t} ENPAIAE Tmix603 OHCZF A#3A171 o OHCS
A A&l Tmix60, 850hPa RH, MSLPE A #3533 a NAo|H+= MSLP=
HFA o7 A5t tHTable 11).

Table 12. The results of Prime Genesis Region variance inflation factor in
Western North Pacific and North Atlantic.

Ocean Factor VIF
Tmix120 21.47
OHC 21.017

WNP

MSLP 1.18

VWS 1.06

SST 7.64

MPI 8.55

NA
500hPa RH 1.17
VWS 2.19

PGRAAME 43 oz AES Mg 43, WNPE Tmix120, OHC7}

Aste] Tmix120, MSLP, VWS7} M el & ¢l NAo] A

= SST$ MPIZF A7} =0} SST, 500hPa RH, VWSE HZE#ow HAs19]
tH(Table 12).
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Table 13. The results of E-L Main Passage Region variance inflation factor
in Western North Pacific, Eastern North Pacific and North Atlantic.

Ocean Factor VIF
MPI 3.84
OHC 4.637
WNP
850hPa GH 1.53
VWS 2.01
Tmix80 4.38
OHC 9.81
ENP
MSLP 63.97
925hPa GH 47.18
MPI 2.22
500hPa RH 1.22
NA
MSLP 2.31
VWS 2.01

WNPe] E-L MPGE MPI, OHC7} d#-aA|7} %o OHCE AlA st HEA o=
MPI®} 850nPa GH, VWSE A# 3} 3 ENPoll A= Tmix80% OHC7} A#-a-A17}
ol OHCE AlAs MSLPH 925hPa GH % MSLPE A7) Tmix80,
925hPa GHEZ A esqith. NAoAE 4709 ¢1x} B5% VIF7} 50]&to]7] o

== 3

WNEE IAZA 7P AdEe] £& QAE MEH Az MPL 500hPa RH,

MSLP, VWSE HZ#do =z MHs9tiTable 13).
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Fig. 17. Main Passage Region multi regression model in (a) Western North
Pacific, (b) Eastern North Pacific and (¢) North Atlantic. Red line indicates
observaion and blue line indicates multi regression result using select factor.

MPRo| A A QAES o] &3ste] a9 th%3|724E& Hlus 23, WNP
ol A= 0.66, ENPAA = 0.76, NAolA+= 0.379 A#LEE RSHFig. 17).
ENP7} WNPe} NA®RTH Z#A#AA7 22 gHFo] ol Ayris Ao

TC&Eol d&Fo] & Ao FAHA.
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Fig. 18. Prime Genesis Region multi regression model in (a) Western
North Pacific and (b) North Atlantic. Red line indicates observaion and
blue line indicates multi regression result using select factor.

PGRoIA AAHE JAAES o83t g g3 AxS vus Az,
WNPo| A& 0.53, NAGIAE 0.619 A#%E ®HYrH(Fig. 18).
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Fig. 19. E-L Main Passage Region multi regression model in (a) Western
North Pacific, (b) Eastern North Pacific and (c) North Atlantic. Red line
indicates observaion and blue line indicates multi regression result using
select factor.
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E-L MPRelAM AA®E A=< o838t gl ds3l74s nlal

rol

A7,
WNPAlA = 0.74, ENPolA = 0.63, NAoIA = 0.599] =g HAthFig. 19).
E-L MPR WNP7} ENP¢F NARUG #3747} 52 ENSO= Q1% HE
W17 EEE o R A E o] ACES] 7o kert debA|7] W or A E 3l

Table 14. Correlation coefficient of Main Passage Region, Prime Genesis
Region and E-L Main Passage Region in Western North Pacific,
Eastern North Pacific and North Atlantic.

Ocean Region Correlation
MPR 0.66%x
WNP PGR 0.53 s
E-L MPR 0.7 45
MPR 0.76x%:x
ENP
E-L MPR 0.63#x
MPR 0.37:
NA PGR 0.61%=
E-L MPR 0.59x:x

Significance at ** 99 and * 95 percent level

Y MdE ABAAFE JeERNQTHTable 14). WNPo| A= E-1. MPRA 99|
0.74% ACE®}e] A% 7} 714 =22 WNPY ACEE #Z%e} A47]7ko] ACE

o AHert Fob HEF TALAVE @EsEold WAste Aol Fastth(Fig.

ENSO=Z <13l x=dde] dsxnl 9lar WNPAlA ACEE

ENP9} NA9 @& Nifio3.4 A9k A#%7F Fol ENSO9| dao] =7] wjZo
E-L MPRo] MPR¥} PGRY.t} A#AF7F =9k},

ENPolA= 0.76 282 MPRe] ZWd olf&, §4¢ J&FS Fo] W= WNPS

_37_



i
h)
Lo

NASH g FAFor s MFowm olsaty] wiol Ao dTFs

o® EAEAT Ee BF LA 7 ENSO o] wAgle

Al Ak 9ol st ENPO] ACEE W19} X477k} A

WA A 7F Bl zet R gol WAlE= Zlo] ACE®] 77t 7] wlio|th

NAE PGROIA 0.61, E-L MPReIA] 0.59% UElt) oli= NAS] F2 gF9]
BAE = X937 ENSO7F 9&E i A 9go] fAFslr] wiitol] AaA4=7)

3 e Aoz BAEg)

_

r
H
N
iy
rlo

H) %=

Table 15. The results of final factor in Main Passage Region, Prime
Genesis Region and E-L Main Passage Region of Western North
Pacific, Eastern North Pacific and North Atlantic.

Ocean Region Factor

MPI

WNP E-L MPR 850hPa GH

VWS

Tmix60

ENP MPR 850hPa RH

MSLP

SST

NA PGR 500hPa RH

VWS

SAuEY, $EUEY, Huddel At we A% dY, grAES
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Fig. 20. Composite of select factor for WNP TC genesis (a) MPI anomaly in
El Nifio (b) MPI anomaly in La Nifia (c) 850hPa GH anomaly in El Nifio (d)
850hPa GH anomaly in La Nifia (e) VWS anomaly in El Nifio (f) VWS anomaly
in La Nifia. Red point indicates when the TC frequency location El Nifio and
blue point La Nifia. Green box indicates E-L Main Passage Region.
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Fig. 22. Composite of select factor for ENP TC genesis (a) T60 anomaly in
El Nifio (b) T60 anomaly in La Nifia (¢c) MSLP anomaly in El Nifio (d) MSLP
anomaly in La Nifla (e) 80hPa RH anomaly in El Nifio (f) 850hPa RH
anomaly in La Nifia. Red point indicates when the TC frequency location El
Nifio and blue point La Nifia. Green box indicates E-L Main Passage Region
and blue dash box indicates Main Passage Region.
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Fig. 23. Compo
El Nifio (b) SST anomaly in La Nifia (c) 500hPa RH anomaly in El Nifio (d)
500hPa RH anomaly in La Nifia (¢) VWS anomaly in El Nifio (f) VWS
anomaly in La Nifia. Red point indicates when the TC frequency location El
Nifio and blue point La Nifia. Green box indicates E-L Main Passage Region
and red dash box indicates Prime Genesis Region.
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PGRe] Aul&wrt ohs 3L L3379 E AAL 535792 o AXvs
g gusith, §S IR Qs A gHFol YA 2 5 e Al
Eo7th. VWSE YAl 7lell 100]38ke] VWSZF PGRel WAl &X23ke] B Fo]
HAEE QlE ol Aol PAHol dom dAYnAy]E gYuAl 7| E T
VWSol =17] wfjzol TAE 7] ofHrh, Hujde] MEe A& Gray(1984,
1997} EiFe] T el Fa3t B84 849 5Y3th(Fig.23).
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Fig. 24. The timeseries of ACE and multi regression model result in (a)
Western North Pacific, (b) Eastern North Pacific and (c¢) North Atlantic.
Red lines indicates observation and blue line is multi regression model
result using select factor.
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Fig. 25. Flow diagram of key correlations. Flow diagram showing a total
research summary of the key correlations.
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