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SUMMARY

It has been recognized reduction in frequency of tropical cyclones (TCs) over the
globe in a warmer climate state according to various high-resolution model studies.
It was also suggested that the probable reason for TC reduction is weakening of
tropical circulation due to stabilized atmosphere. Here, changes in TC frequency
and their possible reasons are investigated using another high-resolution atmospheric
model, ECHAMS (T319) from Max Planck Institute (MPI). The boundary condition
is evaluated from ECHAMS/MPI-OM, which participate for AR4-IPCC modeling
group. The authors utilize two different emission scenarios (20C3M and SRES
A1B) of green house gases for comparing the present and the future climate. It is
found that a distinctive contrast of a TC decrease and increase in the western and
central Pacific regions, respectively. This study suggests that synoptic disturbances
and low-level convergence are significantly responsible for the contrast of TC

frequency over the two Pacific regions.

KEYWORDS
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i Tropical cyclones, global model, global warming, synoptic

disturbances, easterly shear
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Figure 2.2 Intensity of hurricanes according to the Saffir-Simpson scale
(categories 1 to 5). (A) The total number of category 1 storms (blue curve), the
sum of categories 2 and 3 (green), and the sum of categories 4 and 5 (red) in
5-year periods. The bold curve is the maximum hurricane wind speed observed
globally (measured in meters per second). The horizontal dashed lines show the
1970 - 2004 average numbers in each category. (B) Same as (A), except for the
percent of the total number of hurricanes in each category class. Dashed lines
show average percentages in each category over the 1970 - 2004 period. Adapted
from Wester et al. (2005).
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Figure 3.1 Maximum sustained wind speed of
simulated tropical cyclones with  horizontal
resolutions of model. Adapted from Walsh et al.
(2007).
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Figure 3.3. TC-passage frequency for 20C and 21C for T319 ECHAMS5. (a) 20C, (b)
21C, and (c) 21C-20C. Passage frequencies are counted number per unit area, where

the unit area is equivalent to a 2.5 degree spherical cap.
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Figure 3.6 Climatology of sea surface temperature distributions simulated by
ECHAMS/MPI-O during JASON season. 20C and 20C indicate 20C3M and
SRES AIB scenarios, respectively. (a) 20C, (b) 21C, and (c) 21C minus 20C
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variances are evaluated from 2-8 day band-pass filtered daily vorticity field. Contour
interval is 10-10s-2. Shaded areas indicate 95% significance by Students’t test in (c).
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Figure 3.10. Same as Figure 3.8 except for precipitation. Unit i1s mm day-—1.
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Figure 3.13 Differences of genesis frequency of TC-like vortices in ECHAMb. (a)

AMIP(MW) minus AMIP runs, and (b) AMIP(SW) minus AMIP runs. Unit is
number per grid box (2.5x2.5 degrees) for 20 years.

ECHAMS5(T106) 9l Al 2ol e F 2] &Rl = (passage frequency) FHEXE9] 7]

5 =T <}
Fol A BlFe] WEE thah REstA RojE i, g AR Wke ¥
Al Zejdnt 2, o3k Aol HF e dE 54 WsE g,
Rhgk of 2] o] T},

g, slrHen AT

g, sled2e &3

3)
o AolE M 53, FHY
i:‘

=

[\

()

@)

fo

N o2

rlo ot

o, Mo
4
(03
o
s
N
do
ol
2
rot
N
o
N,
i1t
oo
lo
Anj
_O|L
s

Figure 3.132 HFHANIE F3247
Figure 3.13b= 21C A (AMIP(SW))oll A 20C A (AMIP)S] Z¥E w Zld],
N HolSo] mlg 7]

Fol BFel = A HAE)

o
=
p—
E
_E
1o,
N
o
il
I
'y
posk
ro,
jin)

(o]
2

o A, Aar2dst AFeA s
oM 4=7tA] S7FAAIRE, FEE Gl B 237 el o]
o s o]l e tH(Fig. 3.6).



J0M )

20MH4 -

10N /5%

| I
-1 -08 -0.6 -04 =02 0.2 04 065 0B 1

Figure 3.14. Variances of synoptic-scale (2-8-day) vorticity at 850 hPa (unit:
10-10s-2)in northern summer (July-October) for the 20C and 21C simulations
and their difference (21C -20C). In (c) shaded area sindicate the 95%
confidence level or above (an F test is used for checking the significance of

the variance difference field).



~

o
Hio
3
A

=
1o

™ Lindzen-Nigam ©°]&o°l 9

=
=

Irdes JEst Fof

A}
=

o7t o

A 5]

A A H

7F =]

A, Li et al. (2010)

Al
=

uj 7 o] =t

-
s

o

_Z#O

~
o

)

¢FA4 (conditional

wA "ok A

B

instability of second kind; CISK)S ZHsAl# Hj

™
T
\‘w
50
o
iy
Nfo
T
o

ol

B

ey, 5

uhe4] o) &

=

Clas

/g-

A el 4] €]
ol M=

= 4 29
AMIP(SW)-AMIP 2 & o] A]

Figure 3.15

44

AMIP(MW)-AMIP

-
R

Z717h YEhge, 2 o]

sz
3

o %

B

_Z#O

~

dl, ol HEe] wagel A

s

= 7t

Hhg 41 o]

HA Blth

13

TC
T3

aw.,o

AXE= &

3

(velocity potential) = A] Bl %

A
=

)

E

-
X

ZAE

]

(Fig. 3.16). L&]a &3

J)

F7HA1A

714 (moisture flux)<

/\&
T o

7Fz1 )

S
=

o] A ske] 23l (warm core)

Hio

™

7
o

=y
e

N

Aol ol

tel, AMIP(MW) 3 AMIP®] #}o]+=

J|

o

_Z#O

—_
fite)

2 =th(Fig. 3.17).



Vertical wind shear

(a) AMIP

S0 9bE 120E |
(b) AMIP(MW)

50E 30E 120E 150 180 150W  120W Suw gaw

e |

120E 150E 180 150W

1084 =
GOE 0L 120W

SON
20N 1
TON

SOE . GOE  120E  150F 180 150w 120W
AMIP SW}AMlP

180 150W 120w 90w  6OW

30F 150F

Figure 3.15. Spatial distribution of zonal wind at 200 hPa minus zonal wind
at 80 for JASON  (July, August, September, October, and
November)-averaged sea surface temperature (SST) of ECHAM5/MPI-OM
(T63) for (a) AMIP, (b) AMIP(MW), (¢) AMIP(SW), (d) (b) minus (a), and

(e) (c) minus (a).



Velocity potential and Wind

E . 12EJE ..
b) AMIP(MW)

[Tl

oor 120F  150E
&) F»MF{SW}—EHM[

!
K

105 4+
G0E 0E 120E 150E

—_—

5

Figure 3.16 Same as Fig. 3.15 but except for 200 hPa velocity potential and

surface horizontal winds.



Frecipitation

180 150W  120W

BOE  9DE  120E 15{lE 180 150W 120w 90W  6OW
(c) AMIP(SW)
/:] b 53

108 e : : . :
BOE  90F  120E  150E 180 150  120W  90W 60w

(d) AMIF‘(MW) AMIP

SON
20N
10N 1

e e o i e o
(e _AMIF’(SW} _AMIP

S0E  90F  120E 150 180 10w 120w 90w 0w

Figure 3.17 Same as Fig. 3.15 but except for precipitation. Unit is mm/day.



A 38 AAFA A S (genesis potential index) ¥4

Hl, IPCC Al 47} B el 3o s} =1 3 Azt S km o]4be] A
S BYelnm, 0 Ryl A%EiH HEL FEe: AL olgth BYA
208 BEe FE37) ANAE F9 AR o 100 km olvle] 3 LE RYo]

o L) GF"I(ANN,ECEP)

v i
20N - o %
by ‘Fm}
EQ' iﬂ%:::‘z
Tl
205 | by

60F 120E 180 120W 60W

(b) GPI{(JASON,NCEP)
N :45)

N #
20N . n
EQ e
h
2051 L2 o
60E 120€ 180 120W 6aW
L e -

0.5 1 1.5 2 2.9 3 3.2 4 4.5

Figure 3.18 Map of GPI climatology from NCEP/NCAR reanalysis dataset. (a)
annual mean, and (b) JASON (July, August, September, October, and
November ) season.



o] EAZ & ZA3sl7] ¢38te], Emanuel and Nolan (2005)0] 7§ek3t AJA A A 4=
(GPL, genesis potential index)& ©]&3tAt}. o] % GPIZ AE3t7]=2 stt}. GPIE
s 22 How mdEh

o714 & 850 hPadlAle] do] A~gEo%=( ), ¥ 600 hPaclA 9 FhHk
(%), 2 FAAL=m/s), 8L + 850 hPaZ} 200 hPa®] FHuigte] <4
hgrole] avjeltk o] go] w9l AT, B9 WA HELA Mg ojve
ARk, g A= dAZ ALS 2EA Gevh o714 A7 = (potential intensity)
= e o] xdHH
714, & dFHeR, = @EUIeE, = A2y wdAFE, & T
A8 A S, CAPE+:= FwW27)o] uls] oA Zalslo] 287 279 uists
= Fs AN A o), AAGEE

ZAol g #o] a1, CAPEE AAIZ 5719 o
TR, SRIsh deke 2ERLS H 2

= 2
719F, &&=, 29aL Hl55o deolBR, Hiso 2Ry Taid ¢ gtk

GPIA (JASON)

40N 40N

20N1 20N

» l £Q L ' :
120E 180 120W 120E 180 | 20W

Figure 3.19 Composite GPI anomaly for (a) positive SST index, and (b) negative
SST index during JASON (July, August, September, October, and November)

season.



A

o2 RE dojr GPIo|t}.

k<3
T

o 7]

=
i

NCEP/NCAR A &4 =}

-

T

Figure 3.18

(-
o

o}
0
g

Nfo

=3
"o

10S-10N) minus SSTA(120E-180,

stol GPIS| S4< 2w nsin.

o ©

2

SSTA(150W-90W,

ARE ©f

2] 2
bl ot
(SSTD

©

=

=

z
255 el
index
10S-10N)
SSTI7F 2

SST

Fed 1 &

3|

o] SSTIE A3k normalization)

o,

o

)

el
RS

|

B
Jjn

e
ﬁo

M
o}y

Jol A B A

puy

%o

ndl
H

o

al

Fig. 3.199 4] H.o]&= npe} 7t}

-
T

gkt 1 A3

ol

o

i

915%9)

=

A&

2t eoful7h gloj el

1

Gl

Ho

30N o] el afjmelA Aol dojupx] fdormz

A 2kgol o

-
R

1

1

2

1o

1

hy:
AR GPI

Hol=d|, =
GPI

o)
o

A
oW

™ )

vl 9l th(Camargo et al. 2007).

13 ek 28y, Ay &2 kel e

il
o

oF

£}
N

o}

N
_ZTI

7

71 A% A

Arks

=
=

e o521 (7TE5E 11

A
o

3}

=

[¢]

2070 9] =
- LUl

-
1

23702 Ze] Ak, GPI

5t

¢}

o]

1

pzs
=

-

=

=

717k 1900 d ol A 1999 71 4]

A1
]

ok

ol

A

It IPCC Al 42 H.aLA| 4]

IPCC Al 4%} B Ao A=

27F 24 2071

o



S upe, A7 Zasdg vk 729 H)gelt)

A& 238 beer_bem?2 0, cccma_cgem3_1, cccma_cgem3_1_t63, cnrm_cm3,

gt

csiro_mk3_5, gfdl_cm?2_0, gfdl_cm?2_1, giss_model_e_h, giss_model_e_r,
iap_fgoalsl_0O_g, ingv_echam4, inmcm3_0, miroc3_2_hires, miroc3_2_medres,
mpi_echamb, mri_cgecm?2_3_2a, ncar_ccsm3_0, ncar_pcml, ukmo_hadem3, —12]il
ukmo_hadgem1 ©| t}.

SSTIC tigh RE&S RH7] §l8te] SSTIC 3]+#€ GPIE 1¥ A3E Fig. 3209
2o Bynit; o= Ar zpolrb AAINE AR FEE G Fo HAE Bl

——— L ——
=i - e el DGEET et . —
< s w L .z
‘ -_— 'i.-_..‘.‘\z o — [ [ —
S L - i
o 7 L 1 /]
N g et R MEA — i
= L " - -
— e ) AL s
i~ . - —— iy | -
Y Wk ' | .
N p— bl i—— ‘;”--AJ‘ Y N, AT
- ar > T — | wk .
¥ |
. L I ke
’\.-_"'-"C_ e e - ih _& i : - b
i —— | g
1

Figure 3.20 SSTI-regressed GPI anomaly during JASON (July, August,
September, October, and November) season for different AR4-IPCC models.



. (a) GPI Clim. (JASON)

i) ﬁj}
15‘ -
EQ 1 W : z

205 - .
60E 120E 180 120W BOW

20N -

oy L8)_Rear. GPI on SSTI (JASON)

20N 1

EQ

205 l T
GOE GOW

Figure 3.21 (a) Map of climatology of GPI during JASON (July, August,
September, October, and November) season for 20-model ensemble of AR4-IPCC
models. (b) Same as (a) but except for SSTI-regressed GPI anomaly.

AR4-IPCC R &9 sjgFrig Entk ojye; di7jass Eydvint 493 & Ae

S HRAY TR ddd A% dFRYP dHiE olfste] Addsds Ay
Hedes A9 SA4A7E du 28y, o] RYEES GEAETdHY, 2EY o
(bias)E 93] =4 + dom, vud AfdE ZFolgta strets, P A2
o] AWAS AIs] =Y 4 v Figure 3.2laE AR4-IPCC 2071 R&ES AL
st GPL 71 $gtoltt, A% AFRFAS A4 u, GPI1Y] 7| FHdS #59 HF
A VSR Y s FAES & 5 Atk AR SSTIO| 37" GPI 9
Al 2070 REEs dAdEstel ekt L Ade dAdY dE SEE gl A Y
GPI 718 Rl A" FEE 95% A FFoA TAHCRE Fo3 dd9e
Uel=dl, ol TEHE SN GPI S7Hs %S 2o v =8k A Eolx



=
s 2

7
L oA o s

Moo
m_&oﬁo@aﬂo
MrmﬁﬁoEﬂe H
Poﬂ_:wot],% © oy
A%wmﬂﬂﬁuo o S M
- s < o
MM NE B ) 0 o Iy o o
. = ! w0 X 5o T el 7o
_wu.wn%ﬂ TN m N ATourw onaLdr.urm
Hn@_,%}mﬂ 3 = Mo w%%%ﬂ %]J%Lﬂl
~ 1rU,._ o) W OZO.A,AOO
- o 4R T 5 TETE T 4#%& F
- T Do 2 wﬁ_dx s e
ol b X ) I - rTh Tk
X B — lgo .m./lue HILIE ﬂrw‘lﬂﬂumiobf
~, :.L) jL Lf ‘Ur_m 1 _n:.o EO jans O_H ‘O| o )Aﬁ EE H
or — B ~ = m T ey  do O
W = & R o T . ~ o o g
TLG & N NE TS AT.EoEEofi_}
) L,Ht 00 z,mﬂ TRH ‘Ur ﬁL.L for
m o O .@A1lgaa%mﬁ
w T Iy S =} — 00 ay Lo W R J ol ~
o o P uljy = o N S g 4 % wp <
i & ~ ‘IﬂJI @) N ™ N < N ]

il T = o X [my 50 Zo o =R —_ ojm o
= T a2 e 7 X W OB LPJWHA
i ﬁomﬂwwge ﬁoﬂ %ou o_u%ﬁ. EMME#EGg & o

w0 o T A EH@,.
ﬂ.mﬂ%%ﬂu o ) ﬂr%Mﬂ%?HGﬂ%ﬂr
E%oﬁﬂ:%]% = M:Ml ol :;Wo%o:?%%ﬂmmﬂ o
M.”“ m A e MT \_/Zo 4 %ﬂﬂ\cwﬁoﬂﬂ,_ MMEFIWFLMT
#ﬂ%%% NG e ﬂz%WMJ#%W@%
Mﬂﬂ_pl @% Ezﬂﬁ 7BMMM_ :LOEH.W_l%oﬂmrmuﬂl.daiﬂﬂ
;1mo N E.E N . T = 1 :HT = o =) T =o Gty &® M.T mw_m
uomuLoTﬂmr B R %Q_.ﬂgo_a]m_gu
T BO JI7E o) = qZuLﬂ_vuAla A
Eo_ o X o) 2 W4 upy it Ko o W o= or Mo
Efr&wﬁq B o & % ﬂﬂﬂmﬂw%lw_%_d
NF M B = %o F T = T o & = = - ol ° E X
%o o i o ZR I
EWQ%% R S ﬂua? T -
= o = - o o - Hlo LB ) ) o
T Ho o B © A Nfo (S oy o= TS Y
Xw 0 o mo | o° J) 13103 ° ]—u o S m
EMLO — W\/ OE n,mom,_<oo 1T_/l‘_1
oy A w ! L%%LHEL%1 ]
E _— NIl ].ba oedﬂ
4 T ke B o
T Zd ,;olgm%ﬁﬂnﬂodr
‘Oloﬂﬂ%oﬁro‘l‘lrm_lfwmmﬂ,_
ﬁﬂﬂuﬂmme = 5
aaﬂlaﬁ‘_f j2e
N TS
ﬁ@;ﬂ
A N

- b -

o

=

po o

(<

O] Xé]a

P

=

o] 7] A
’ a, b
, ¢, 19
3l d
}L;j A) 2=
o'l‘o]q. l;q- }\1
’ GPI=
T

°] #ell log



A Fol GPIE AAFsHATh. 1
7] = 5 A odE 5o dsks vkl Ve xE
H, A adsell, dllwE, AR #2 VFHoR Fa, deks
Rb SSTIO tah A= 7kl gho o] GPIE ARt

Figure 3222 AEMAS2H5EH dojxl SSTIC| 3]+€ GPI HAE 7 AE=
stebuf B = Azl wel wskA] gfom

AR add g dd age BY, F
8 =7F gk A A AR A
7b GPL xS whsoidld Fask dxrE =,
s wEo] ved, Fa3 A7 A
wedo] glvt efusiu, HAd =

z
)
ol
%
e
el
re
o
o i
)
rot
B~
KU
)
o

AL

fa

2

>4

o

X
%)
=1
rlr
ox
18
o
i
o)
=1

>
fuj
o
0
2
>
BN )
(F do mfy o
ol B 1'“ >’
O
9 =
=2 b
o o
. e
o
=
to
o
=
)y

fuj
o,
(7
1o rr
ate)
=2
o
' o
ol
DX
3
=)
p
bt
oy
B>
o
rJ

by An (JASON) by ARH (JASON)

40M 40N
20N 20N
- F

EQ EQ

T by AVmax (JASON) 46N by AVsh (JASON)
20N 1 20N 1

EQ . EQ T

120E 180 120E 180

Figure 3.22 Partial contribution of each variables to GPI anomaly. (a) vorticity,
(b) relative humidity, (c) potential intensity, and (d) vertical wind shear of
horizontal winds from NCAR/NCAR reanalysis. See text in detail.



sl =] dAuighe] oo HEste®, SN A Jrrt Fad
B¢ AEE ] ez ddgte] Fo8W, A EE Fo1E 5 dH

aelpR SANE dAFHeE AR FojEW, AEE A ZFAZETE Fo
GPI®] o] AAE st dlLEEolst JUFErt 50 TR EY 49
GPI RA5 fr=gtth. e SSTIC 3]71¥ GPI i€ e] Figure 22.134 % 142

Partial contribution to GPI

30N
/'/_\—/ ) E\\ 1 .

20N 0.4 3 20N

%"3\& o]

-:ﬁ \
ek b CQ'E EQ Bt
fos] A SRS 105 |

? ‘n. r = E\

208 o u T T T 208 - + T T T T \
90E 1206 150E 180 150W 120W OOW  9OE 1206 150E 180 150W 120W 90W
(¢) Vi

30N

i

20N A
10N 4

EQGq %

N m b, ”-\ s R o s i

LHS v - . . . 208 v T . . .
90E  120E 150E 180 150W 120W 90W  ©OE  120E 1S0E 180 150W 120W 90w

105

Figure 3.23 Same as Fig. 3.22 but except for ensemble of 20-AR4-IPCC coupled
GCMs.



g

o

9] 7]

[e)

L.

oo]: oﬂ /\1 GPIQ

71? Fi
]’. Flgure 394
b2

]
=

o]

A=
LI

RHE
1 Oéo‘]{] GPIQ/] 710
o T

o

mEREX
1*@&%&0%50],
i ,Eaﬂjl A <ox X =7
awua@m%agg%am fo 5 o
Cop B N I To oo B g
o5 o@_r%WEMle%% uowr@ﬂ}a.%ﬂq
%%%%égvox7ﬁo o 1ﬂ@%7ﬂm§ﬂ@%%
> oW L,ogwoﬂuowf_} wﬂélﬁﬁ%%w%%i%ge 1
AF ooglpt_shgod_.ﬂurwixﬁ% o o X0 %O ~ H O~
Lz.e Vo_u B ,ﬂiolﬁo}wf_ o EEG ) o AL m o Eam,_ oF %
%ﬂar.wﬂ.% ﬂ@ﬂﬂmﬂy%ﬁ,%w@m«wﬂ% = B
o %oo]ﬂrﬂdrﬂlnnﬂ!7G],oLﬂH Emlauquxoi? T Ne o
%E}ﬁooﬂmﬂ,x o) Mﬁﬁa%ﬁ; @lmﬁ,%%mﬂg o M
‘I‘Aﬁo_/m\l/DTJE]ra,&uOfU#‘mﬂZAzT EEO_ZO XUUW OﬂﬂOE*q,Olﬁl
oR Njo K¢ o n { L — oTﬁJl oAE
b Hmwﬁﬂgo%ho op ) mﬂTmM%7ﬂLHaf7nzn7o D
ﬂotﬂ_/lyoo.] .mﬂLMﬂ mbtnmﬁmcﬂqxou%a;%u }ﬂuﬂnmwmﬁozo
T Iﬂ.71_tm_xd|oL c._oﬂ_pl = " i) M_/ ﬂuuiﬂw
@@@.@ﬁrﬂ %mamﬂﬁmqge %%xzﬁﬂﬁ}%Gﬂﬁw _
g mﬂ@% 50 ﬂme ]ﬂﬂﬂEaTﬂ .Eezo_/ch Sﬁrmﬂ@mmﬂm
ﬂeﬂtovdr]drﬂom_vuLﬂuMMﬁamred;ﬂeaWﬂﬂoﬂoESiuAl%%ooo
oo X ﬂvmﬂwﬂ@iéTLubﬂE#% }Nﬂgﬂq{%ﬂe P
Lkoﬂi o Jxlnon%wmﬂS_é b %7%_%22 o0 T
w5 o T w ™ S%%@P@?. x4 _L?ﬂéﬁ?%
On_ mwO OO Ju_ ol ,_Lu OﬁE ) ‘Jll’Jl ~ i G JulL Lf ot ,Ul =) ‘yAI,lr
Jlﬁox_!,uorEﬁLJwPOL ‘|,UIE:A‘|500ﬁ Etoijﬂhm 1ﬂ__.EH ATE.._W;‘IOFﬂHLﬂ
o X = = l%%mﬁokmﬂv ﬂrdrﬂxl mﬂAO%L%%k%
E._O 0 o i) " OA ﬂnm_n_l ;01_ AL file) _:1_ sy ol _Z#O — ;OE ol ‘a
o fo Mo W P Ei%JMﬂTOML GﬂPﬂTanﬂ o) ™
wé,i%w%qﬂgkg%w¢o h%,%%a%m¢iqg
ﬂwzmoEqHOWﬂW@w %%?W%maeﬁ,wﬂoﬂu%mw
D W oMo X o e N = v = o T oo O w X = w9 B =
ﬂm%Iaﬂfﬂﬁg%g%im_%% %ms}@ﬂae@m%}og
%MT%@QWLU_,%_M%E Exlﬁwﬂ% %W%,Aogﬂﬁow%mﬂsov
O#ooﬂ_/l o_u_n_/rm‘CﬂEdﬁdoﬂTJ:Hﬁﬂ%ooE@__EﬂoIWmoMouWW;ommea
iﬂHMi Nﬂ?ﬂ@_uz%ﬂomolm@@@ao&gwrﬂzarwg
MWGWMMMAWﬂmémﬂrwﬂ@mEﬂmﬂﬂHz@mtzwwomw
ASEwozljﬁo@Qﬂﬂ%wnﬂUiﬂ HLE%.W.@Q&%%Q%
Wﬂ“ﬁo_ﬂ.ﬂ @.ﬂmﬁ. ur_erﬂﬂﬂuGum%MﬂméF ,ﬂlﬁouthi
%gmﬂoamg@ %qwxmag.y%%ofWéz%%y
oo%ﬂﬂ%@ﬂnwnglﬂ%ﬁﬂrmﬁtiE,%oﬂﬂrﬂrﬂemoﬂ
g%%ﬂ;ggwu Wffsmmﬂ%%zﬂgﬂﬁaﬁ
o __Oﬂl7 a ~ s —
o%%gwﬂomq@ﬂ%ﬁﬂﬂ%qmgw
Emﬂﬂr.urzegﬂimﬂ.ﬂ we 2=
N sl i + = cal
5w 7e‘ﬂlﬂﬂu._ Y
o % M % © o g =
el s -
S
fis)

7t

==

[€)

7t

o

}

ol] A

- u7 -



o,
to
L
rlo
i,
i)
rlr
=
%
0%
k1
td
ot
=2,
>,
12
rlo
iin
&
to,
o
fet
ol
M
rlo
ol
1>
o
ftl
X

H
Bol 7hE sttt
g, GPIsh g ul 7hx] @AW WEE dofry] glste, thavh 2
wAE stk A7be) Wi e Al ZAR, ke REE JPRR
e mEAAE AL A 2 ER Zb ¥t sedsants wd W, GPLY
MetE AuEd 7 W] distel GPIZE vkt Wizl Wshs AE & 5 9l
o A AR Asel ekl o ghelMd o @s W e fgwa
ghol istel GPL AAAtell st 7| =g AR 7|4 = 74 s
BEAAE oM En. 2 Ad diisErF GPI fAE wee] usH, 7hd gt
& wedes & 5 AthFig. 325). @4, stk vhgkslols AEE gl GPIe
w9 #AS wEoUl=H T8 AT Ak oI A= 207 EYSs G
£ AR4-IPCC ¥ =9 Aztst 719 Zrh(Fig. 3.26).

Corr w/ SSTI - b -

(a) ¢ (b) RH

20N 1 fzfﬂ % s '%
10N ;E e
£0- 1

i
JF
105 :E : i
EAD rEJ N
205 g 205 4 / \ X
120E : :

l
20N \I { 3
I ’% G-

60E 180 120W 60W  BOE 120E 180 120W BO0W
(d) Vi
20N 2ON 7 ! o ‘%’__
10N 10N 4 ,&
E0 £ {E&'l . 1T
105 105 - :‘Wﬁ%}f‘x .
205 205 1 /IU \ \ e \
BOE 120E 180 120W 60W  BOE 120€ 180 1200 E0W

Figure 3.24 Maps of correlation coefficient between SSTI and (a) vorticity, (b)
relative humidity, (c) potential intensity, and (d) vertical wind shear of horizontal

winds.



AGP (o*—0")

Falin® g,
z 5
)
’ (7))}
L
= T
S !
Ry
u i -
o =
<] <]
>y
o a
= = o = = o}
= =) e =] =] (e
-+ £~ =+ o
g
=
)
P (7))}
= et
% s
.nlﬁu o
]
R
m -
=~ >
<] <]
> >
o) 0
= = = = = =)
= = Ll ) o L
=+ £~ =t (]

180

120E

180

120E

Figure 3.25 Partial contribution of each variables to GPI anomaly. (a) vorticity,

(b) relative humidity, (c) potential intensity, and (d) vertical wind shear of

horizontal winds from NCAR/NCAR reanalysis. See text in detail.

s

%ol GPIZ Z7HAA

3

3

A =

Hbtf = A

)

WA 7] &= 7}

=
=

o] GPI

o
T
ﬁo
B

o

ﬁo

ol Bl wpep o] M

=]

il



Partial contribution te GPl {(ot—0c")

40N

40M

20N 20N -

EC EQ-

205 y T ' T
BOE 120E 180 120% SOW BOE

40N (c) V“”‘f;w 40N

20N 20N 1

ECH EQ

205 T 208 r
GOE IZDE 180 120% 0w GOE IEGE 180 120w GO

Figure 3.26 Same as Fig. 3.25 but except for 20-model ensemble of AR4-IPCC
models.
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Figure 3.27 (a) Maximum sustained wind and (b) mean central sea level

pressure from RSMC best track dataset. Units are knots and hPa, respectively.
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Figure 3.32 Passage frequency of tropical cyclones in the western
North Pacific region during JASON (July, August, September,
October, and November) season for (a) 1979-1993, and (b)

1994-2002.
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to global warming
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