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ABSTRACT

The environmental factors related to the genesis of tropical cyclone (TC)
are known as absolute vorticity, vertical wind shear (VWS), and vertical
wind velocity for dynamic elements and relative humidity, sea surface
temperature (SST), and maximum potential intensity for thermodynamics
elements. On the basis of these factors, the genesis potential index (GPI) and
various predictors have been developed and widely used in researches on TC
activity. However these factors cannot exactly explain temporal variations of
frequency and activity of TC as well as have different contributions to
variations of TC activity according to basin. This study investigates the
environmental factors affecting interannual variation of frequency and
activity of TC, focusing on examining their interbasin differences, for the
western North Pacific (WNP), eastern North Pacific (ENP), and North
Atlantic (NA) during the boreal summer (JASO when TC activity is active)
for the period 1970-2015.

Correlation coefficients of frequency of TC and components of GPI are quite
different for each basin. This finding is caused by interbasin differences in
the variability of atmospheric condition and the average of thermodynamic
factor. Power dissipation index (PDI) meaned TC activity is the lowest
correlation with VWS and SST in the WNP, but in the ENP and NA have
the high correlations. Furthermore, the correlation spatial patterns are
characteristic forms in the WNP and ENP. In case of the WNP, the factors
in the eastern area of the main activity region (MAR) contributed greatly to
the interannual variation in PDI. In the ENP, the thermodynamic factors
showed a high positive correlation with the PDI, but abrupt decrease in the

positive correlation was found in some part of the MAR, in which frequency

_Vi_



and activity of TC was concentrated. This 1s because monthly SST data used
in this study included SST cooling effect by TC activity. Therefore, through
a experiment of removal of TC-self-induced sea surface cooling from the
monthly SST data, the decrease of correlation with PDI and thermodynamic

factors is reduced.

Keyword : Tropical Cyclone, environmental factor, interannual variation
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Fig. 1. The number of tropical cyclones (NTC) over the (a) western North
Pacific, (b) eastern North Pacific, and (c) North Atlantic basins in
1970 to 2015.
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Fig. 2. Genesis locations of tropical cyclones (TC) over the (a) western North Pacific, (b) eastern North Pacific, and (c)

North Atlantic basins in JASO (July, August, September, and October). The box is the area used to define the

main genesis region (MGR) for each basin.
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Fig. 3. Same as Fig. 2, but Power dissipation index (PDI). The box is the area used to define the main activity region

(MAR) for each basin.
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factors of GPI in the MGR of the western North Pacific, eastern
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North Pacific, and North Atlantic. Bold face indicates statistical

significance at the 99% level.
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Table 1. Correlations between TC genesis frequency and environmental
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Fig. 13. Same as Fig. 12, but correlation between sea surface temperature and PDI.
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Table 3. Correlations between PDI and environmental factors(vertical wind
shear and sea surface temperature) in the main activity region
(MAR) and high-correlation region (HCR) of the western North
Pacific. Bold face (underlined) indicates statistical significance at the

99% (95%) level.

Factor PDI&VWS PDI&SST
MAR 0.1699 -0.1147
Total
HCR -0.4085 0.3823
MAR -0.2159 0.3407
Multi—-decadal
HCR -0.3333 0.5590
MAR 0.2256 -0.3982
Inter-annual
HCR -0.3959 0.3337
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Bold face (underlined) indicates statistical significance at the 99%

(95%) level.
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Table 5. Correlations between PDI components and environmental factors in
each region. Bold face (underlined) indicates statistical significance

at the 99% (95%) level.

VWS SST
1970-2015
MAR HCR MAR HCR
Frequency 0.0274 -0.3644 -0.2291 0.0848
Intensity -0.0139 -0.3535 0.0467 0.4284
Duration 0.3712 -0.4539 -0.4797 0.1685

ole1gt AyE HQl HCRO 3ARIAE] HFEEsd & FAEES 2= A
tgte] 3287 Zo] FARNAES WEAd dgte] A& a3t Fig. 14
© 1 232 HCRO AAntgtaols} s d MedS MARY Hlus] H
gkth HCRE dA#utEHoj+= #Heol 10 m st ojA o, FFHAE 9 2 m s
foldow uetuth ol MAREU F H} o H= A7]olH, dA WE=7]
AA] 65m s7TH(75-14 m sTHE HWA =& HEAHES BTt 5, HCRY A2 uf
g4 ol7F MAR Btk A4 W3ty wied] EAsEY B3dsd dgyo=

43 oz Alg¥th HCRY dlFdSx=E MARS Hirro oF 05C 7M&

£

s & g Avk(Fig. 14b). =, MARS] e o538 &t 129

pIv
rlo

_35_



g
At AiHoR W £& REF wel UERT WE) slolshe w} v

Sgell o EMEEGF dA HEds Moo 2 dFE v AL

HCRel A A7 BlE50] A&HAIbe] da, e wdd F£2 23S K37V
=

(a) VWS (b) SST
16 + 208F T -
|
5 Es J !
s 206 | e
14 T
. 204} -
13} L
12} . 202} T
£ ' 7 i
§ HE T 1 » a9l ] -
1 I
10 | - !
; 288F | -
9t 1
al o 28.6 T
¥ £ |
1 I
L4 S ! 284} T
A4 =i =
6 E L L = L L
MAR HCR MAR HCR

Fig. 14. Same as Fig. 10, but box plots of (a) vertical wind shear and (b)

sea surface temperature during JASO for each region.

_36_



o}
ol
At
o]

A

_I(_)I_

=
s

o]

7

200 210 220 230 240 250 260 270 280

M oz 3 Ho ~ -
s HTade sl
B3 EM I R A o
%no; ™ = W o Mo T o .
ooy G I w4
GRS G Wm oo Rm
q ﬁ:._ ﬂﬂ AO HT_ f ﬂ-ﬂ < ,I_,Ar ‘mﬂ #
I T e JCA-
ER- - VR
CO O m R gl
) <0 e o o X ﬂﬂ
) E B
T 4 o A o T A B
T i L N )
B o G- o o0 "
S P TR T N o I o
L oF WX = Ho
w_oc Mr o Nro 50 e Wuu % o = Ho
: ;oL = ﬁo 0 X =
of 9 Hu S = C = mﬁ Gl o#_n_
NE ok Mrm LY LY W o Moﬂ ﬂ
o = T .
ﬂ%ﬁi%aﬁﬁwmmbtﬂw
T A R
B I T R
TN Wy o T U
L 9 2o o] ) 2
o PR L F - B
= { — = i R X
Low % o m?% = W ° ,% o %ﬁ Y
T ~ : Py o !
= H»*PEdwHzgx8 ol o -
Bo 3 ~ = N (N.) spnye
i - ol o T Wm o - i o3 N.) apnjije|
_ = i SR w
—~ %ﬂw_r_muﬂa@wwwdmmw
= Tt # Jﬁ ﬁ no® ) ﬂ
= OB % N & < o o B o

_37_

longitude ('E)
intensity and PDI. Dashed line indicates the low-correlation region

Fig. 15. Same as Fig. 12, but correlation between maximum potential
(LCR, 10-20°N, 235-262°E).
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(a) Mixed Layer Depth

60°N

48°N

36°N

24°N

12°N

00

120°E 160°E 160°W 120°W 80°W

100

80

60

40

20

Fig. 16. Climatological mean of (a) mixed layer depth (MLD) and (b) D26

in JASO season. Black box means the LCR.
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