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Abstract The tropical cyclones (TCs) that occurred during 2002-2011 in the northwestern Pacific Ocean and the
connection between the moisture and their ability to subsequently undergo rapid intensification (RI) are investigated with
the NCEP FNL (Final Analysis) data and the best-track datasets of the JTWC (Joint Typhoon Warning Center), which is
organized into 24-h intervals of either RI and slow intensification/constant intensity (non-RI) periods. The environmental

and internal distributions of moisture and its transport at each interval are statistically analyzed to reveal their significant
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influence on the intensity change in the subsequent 24 hours. The results show that relative humidity area-averaged from
the radius of 3° to 10° latitude at 900 hPa (RH_3-10) can clearly distinguish RI from non-RI, which means the sensitive

vertical level of moisture in the northwestern Pacific Ocean is lower than that in the Atlantic Ocean. In addition, larger

RH_3-10 values and smaller horizontal moisture flux (F_all) mark the beginning of RI. With the consumption of the

convection development in RI, the environmental humidity decreases and the moisture flux is enhanced. The obvious

differences of the moisture distribution and transfer between the TC inner-core and outer-rainband region are also studied,

showing that the net convergence region of moisture flux in RI is larger than that in non-RI. The correlative analysis also

indicates that intensity forecasts and RI predictions in particular may be aided by the use of the moisture and its flux, both

in the environmental and internal region.
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Fig. 1 Averaged June-October 20022011 fields for wind vectors at 500 hPa (m s '), weighted averaged relative humidity (1000-700 hPa, solid lines), and

regional distribution of RI (Rapid Intensification) frequency number (shaded; red rectangles indicate the areas where RI occurred frequently)
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Fig. 2 Time variation curves of vapor flux of four boundaries (10°X 10°; 1000—400 hPa) and net vapor flux of the composite TC (0-24 h, 6-30 h, and 12-36 h

are three RI periods; 0, 6, and 12 h represent the initial time of RI, 0 represents the beginning of the first RI, others are the Non-RI time expect 0, 6, and12 h)
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Fig. 3 Radius-height cross sections of the azimuthal mean (a, b) relative humidity and (c, d) moisture flux for (a, ¢) RI and (b, d) non-RI, and (e, f) the
difference fields between RI and non-RI: (a, b) Relative humidity; (¢, d) moisture flux [horizontal moisture flux (shading), in-plane moisture flux vectors

(vertical motions are multiplied by 100)]; (e) difference field of relative humity; (f) difference field of moisture flux
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0, e NFEAFRT ) (Q,, 0, T VIR TT A R7K
VI & O, X IX R ¥ /KT e semy, RO O,
ORI J5 4E 400~1000 hPa FFR Sy, & XX ]
(iKY o WAMA S I O, I ZEAE

24T AR KE RSO
SERRW RI FEARMIX ] 1~5 # KT 3RS
X, 1M Non-RI FEAIKIEIRIFX AN N, A
IAEX ] 1~4 o 5358, TTEAKE Fouel ~5 BISAME
FIIARACER RIFEALEX ] 1~5 3Kk &,
RIL Non-RI [ KVARAF i )M A2 KT R 8K
Zesr MILAEIXTA) 1 F0 2 X3, JEILAEX ] 1
I RI KRG 5 B /T~ Non-RI, i 1 95%
BRI

%2 RI 5 Non-RI ZFXIFEHKEBEFRITIRWLER
Table 2
zone for RI and non-RI samples

Pt RI 5 Non-RI
M-W RIfH/ Non-RI#){H/ Bt/
(Kt B g s'cm'hPa gs'cm ' hPa gs ' cm ™ hPa

Net moisture flux statistical test results of each

X[a 1 0.000 0.036 7.89 10.66 —2.77*
X[a2 0.146 0247 1036 11.40 —1.04
X3 0385 0.479 6.28 5.65 0.63
X[a 4 0.033 0.030 2.96 1.93 1.03*
X[a5 0.005 0.012 0.12 —0.85 0.97*
X6 0.003 0.021 —0.51 —1.31 0.80%*
X[a7 0.051 0.055 —135 —1.91 0.56
X[@8 0530 0591 —1.77 —1.93 0.16
X9 0796 0.962 —2.07 —2.01 —0.06
X 10 0.983 0.787 —1.86 —1.86 0

*FK7~ RI 5 Non-RI #{H Z 10 1 ¢ 5 50 A M-W 356
MAFGRE B I ZE (B AT (] 3e) AT LA HIAEIX
] 1~2 WXHZE)E (700~850 hPa) HIXTIRE
RI /T Non-RI, TfiIX[H] 1~2 LIZk RI AHXHEE R
Ko A Carrasco et al. (2014) it KIL TC NJE
RWM (f KX 48D AT AR34 (34 kt K K iG H
(134242 20 BIAE BI{E 37.04~88.90 km Al
109.29~250.02 km (1 n mi=1.852km) W, K
AP s R, AR 1~2 X
B . BT LRI X 8] 1~2 [R7KVIR 75 RT3
TR, 7 BLIE I 58 kR 4 A kL 2 A i
X IR VAR Bl ) AT SR PR K 0 TC 5 e
PRI R
35 KASHEBRETILHHEXMES
SRIEARL S ON: TC T I O AR SR AE
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—E WA AL, B pra—pp HPAE6, 12, 18, 24
he LA RARER TC 9N, FUEBNERR
TC RGHsaBUR ZY . tHHE P AFEA (RT 5 Non-RD
WILE I ZI KIS EC S Bl S Ar I D) ) 38 2 AR 4K
FHRME (R 3 EUE AR RED, nTLUEH: 4
X R R AR I G, O BRI T 99%
(A BEAS IS, HRARZRMEAH OC REU /N, (H2 45T EA
O HAAROR R, o AR AR /), R TC
SRR ZY o KR B SR R R PLEA DS, 24 h Al
18 h A& DL IIAH SC RECE L T 99% 15 JERLK:, it
BT — By B) P 2 HH B om I o B i, 51 )
GRITZ) TC A Sp/KIR G Ao, R /Kyl &=

TC 588 K BB I DUIEA L AR KIR S
S — ) EFERE N . T TC 53 BN,
FORIRHEEREA I 1L 85%~95%, 15 3.2 45
BRI AT A IR — 2, AR RO 5 R E R 1
Fs KPR RSN AAE 2~10gs™ em ' XA
T JHL Al IsF 1] i) o P 5 88 AR A0 B K VRS B0 L 1
55 24 h RS DERAL, B LUK R 2 H

®3 MEMZIKSSHEZRE 24, 18 | 12, 6 h BETHR
PSR

Table 3 The correlation coefficients between the moisture
parameter at initial time and the 24-, 18-, 12-, and 6-h

subsequent intensity change

N VSN N . HXFRM
SRR GG — R, RI T J5 KV 2 48 R 310 all
K, N TC KJENAEFFEALRER, ST I 45 AH 55 24 h JE AL —0.091" 0.110°
3 5 18 h Ja s Ay —0.084" 0.065"

° 512 h 5 RS —0.081" 0.027
KIESE S XN 24 h SRS EOS E (K] 5) 15 6 h SRR —0.062" 0.005
ST FRTG LR R, HEAEF T )2 it 99%(E AR
60% T T T T T T T T T T T T T T T
L (a) — ] 35%r (b) — §
I Non-RI
0% 1 30%
40% | 25%
z [ &
= L = 0,
S 30% 5 20%
g g
= r £ 15%
20%
[ 10%
10% 5%
! 0
75% 80% 85% 90% 95% 2 4 6 8 10 12 14 16 18 20
RH 3-10 F-all/g s'cm™!
K4 RI (R 5 Non-Rl (K BFUKASEIIH 5 4i:  (a) RH_3-10; (b) F-all
Fig. 4 Frequency distributions of the (a) RH_3-10 and (b) F-all for RI (black) and non-RI (gray) samples
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Fig5 Change of intensity over 24 h of all non-weakening cases (RI and non-RI) and (a) RH_3-10, (b) F-all
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A SO I XK Ay R R EA T T RL 5
Non-RI W FE/KVAH FHIZER, FELERUT:

(1) Gevh oA K IAHEE T Kaplan [R7KYE
(RHLO), 3K 900 hPa JZ1:4% 3~10 ZiH{E N TC
M PR SE X 3 B X AR (RH_3-10)
& R hf, fesE i 7> RIS Non-RI /%, iX
N AZSE AL AT E TC S8 R TR v K1 Ji
Ko RIWIUG I 21 TC AMFEFREEAR 2 A B 22
PER T Non-RI, X EEAE 85%~90%IX [A] ) TC
WD R R R

(2) KR FERM TC ANEIRERAN, fENIR
Bl R IR m) Ffanik, o o O 5 K KR
MR KO8, EAREPENRERE. i
55 M 1000 hPa 1| 400 hPa FR 43 ¥ T35 K P /K ¥l 5
KA, FA2 0~10 LhEE IR I RT YIUHIS
ZIKF KA L Non-RI /. KV A
6~8gs'cm ' H 5K Rl

(3) 0o % DXk ¥ K P S 7T R B, RI
SRR LT AR I 24 KRR X 3K T Non-RI, {H i
EHIAS K Non-RI. X ] 1~2 HAMKIE T 1E1E
WIZER,  PEBAXT KV IR S R A SRR
AR, AR TR 1) ORI X KR AR
Bl )RR IR P K X6 TC 5 8 SRAR I 5

(4) ML R —PRAE T ERIIHT,
R DUAH X P 5 i B AR A B2 H R O, BLAR
A R B/ MEEGE T T 99% 15 FE RS, U4
ST PEROR TC S [R]85
FEARAL BEAEAR DG o RIRTE 2 I B AR A0 1) 5 2
i, I TC RGMINRER K, KAETER
PR, DRI KPR AR 55— sk, RIZATAIZ )G
KB ESE KR, N TC KMt ftaeE. 76
—E BE P, 3 B ARG B R K Yl A AT RI
IR A

ZEG DL FIRATIAHTE TC KA R, HA G fr
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BRI G, KIREERAEA, SR ARV Sk &A1
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