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Abstract Predicting rainfall associated with tropical cyclones is a major challenge. Due to lack of high resolution da-
ta on typhoon structure, i. e. the technical limitation of detecting the cloud structure of inner-typhoon, it is difficult
to further understand its dynamic transportation characteristics. A number of case studies have shown that the pre-
cipitation structures in tropical cyclones are quite complex and vary from case to case. Early radar images revealed
that the typhoon cyclone rainfall is usually organized in bands spiraling toward the storm center, commonly referred
to as rainbands. In this paper, the case of super Typhoon Kujira (0302) occurring in April 2003 is chosen. It is lo-
cated over open water to the north of Papua New Guinea, steadily intensified during the period of TRMM observa-
tions and reaches a maximum sustaining wind of 67 m/s identified as class 4.

The 3D structure of rain and hydrometeors in rain cloud is studied by use of Visible and Infrared Scanner
(VIRS), Precipitation Radar (PR) and TRMM Microwave Imager (TMID) data. The rain type is studied by use of
PR data 2A23. Tt is found that the stratiform rain covers 85. 5% area and contributes 58. 1% rainfall, the convective
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rain only covers 13. 1% area but contributes 41. 84 rainfall. Though the convective rain only covers smaller area of
typhoon rain, it is important for the typhoon rainfall. At the same time, the average rain rate of convective rain is
19. 78 mm/h, but is only 4. 22 mm/h for stratiform rain. The former is about 4. 7 times of the latter. This ratio is
more than the average ratio for stratiform and convective over the tropical sea area (average ratio is 3. 3). The mean
rainfall distribution is analyzed by using 2B31 data, which is retrieved from combining of PR and TMI products.
The mean rainfall distribution is computed using 5-km annulus from the storm center to a 300-km radius. It is found
that the rain rate decreases as the distance from the typhoon center increases. It is about 60% rain which comes from
the region within 100 km from typhoon center, but the region covers only 40% of the total typhoon rain area. The
vertical profiles of rainfall are studied by using 2A25 retrieved from PR data. The stratiform rain reaches its maxi-
mum at different heights for the different distances from typhoon center. The maximum of stratiform rain appears at
5 km height in the region within 50 km from typhoon center and 4. 5 km height over the other area. The convective
rain rate fluctuates under 3. 0 km height in the region within 50 km and increases as the height decreases over the
other area. The hydrometeor profiles are studied by using 2A12 data, which are produced by combining models and
TMI data. Hydrometeors in typhoon rain cloud decreases as the distance from typhoon center increases. The differ-
ent types of hydrometeors in rain cloud reach their maximum values at different heights. Most rain cloud water is
distributed at the heights of 2 - 8 km, and reaches its maximum at 5 km. Most cloud ice is located in the region
within 100 km from the typhoon center, and reaches its maximum at 14 km height in this region and 7 km height in
the other region. The precipitation water reaches its maximum at 2 km height within 100 km from the typhoon cen-
ter, but the height increases to 4 km in the region 200 km out from center. Most precipitation ice is concentrated a-
bove 7 km height. The studies of the different types of rainfall and hydrometeors 3D structure for tropical cyclone

should be helpful in improving the tropical cyclones rainfall forecasting.

Key words tropical rainfall measuring mission, typhoon, rainfall, cloud, 3D structure
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Table 1 Statistics of rain rate and percentage contributed by stratiform and convective rain etc. caused by Typhoon Kujira
TR K E 53 L K AR 23 b R AEAEL FEAR B
65 &3t Mean rain rate/ Rain total fra- Rain area frac- Number of precipi- Total precipitation
Rain type mm e h! ction/ % tion/ % tation pixels pixels
JETEREK 4.22 58.1 85.5 2893 3383
Stratiform rain
POR/HEHETIN 19.78 11.8 13.1 444
Convective rain
HAb K 0.78 0.1 1.4 46
Other rain

T BOKERRBE KPRk A 2A23 Fi1 2B31

Note: The data of rain type and rain rate come from 2A23 and 2B31, respectively



33 fafzerha . 0302 5 (i) 5 XU K FIACKL T~ 45 [8) 43 A (Y = 4E S5 H4 FFAE
No. 3 HE Hui-Zhong et al. 3D-Structure of Rain and Cloud Hydrometeors for Typhoon Kujira (0302) 497

TiHh s SRR BT R ) S K Rt
RKMZER] FHIREK i E R R PERE K, 35
#) 19. 78 mm/h, HK K ZHFEK, FHREKEN
4,22 mm/h. & XK X FZ PR K B 1
et 7K B S T B T T L DX 1) 1 34 1 O 3 M e
KA 5.8 mm/h, JZHEREK N 1.8 mm/h#), Xtk
REK HPESARE K R R TR K I 4.7 £ BB T
FRAT IR DX S-S50 G PR R KO 2 R K 1Y 3.3
520 . HARRK B R K AR 0. 78 mm/h,

X PRI G BY B R (1) 7E & KU 5 A 7K
A RN TR, T LAS P A SR i R
K s DT 3 ol i £ 5 DR )Xo 3 2 R /K 11 2494
R T R T b DX %) - 5 0 R K PS4 Rk
. (DTEG RSN R T A AR 58 0 XU AR iR
FEL P v P X B R A s T DA 5 TR A3 L
LA 7K o A K 1 2 P R A X3
3.2 “fpa"ENEKHNERSEN
3.2.1 GRIEKE =it

B A SO R ED Nt fa” 6 KAE 2 km &
A P R K A K43 A L T B TR & RURE K Y = 2
SR (K58 BE BIE A 2 mm/h) . X HCIE 2¢ FTE
da WTUAE Y 7E 2 km @& B REF- HTRE 7K 9 K7
IATE R IEAR 2, P 2 km (& 5 E AR K K P
G5 A] AR 22 K AR 18 - T A7 B K e A, B
Ab MR da rhEZ B E T E, B 4b g A
BB SE 4a Hf A F B AR, E 4b H
AT AR A 5 XUHRBE (7 B R 7K B B R s B 4230
15 km, XFHCE da #1 b Al DI H L 33X ks K A A
IR KT AR A AR B XT R e R . ] Ae RRFEK )
ST ARG AR RS R R (A R KK A 1
% 2 mm/h, ME 4c ATRLEH . & XEKPA =
R KA B K BT 2 mm/h Ik B0 R S
BT =i i B S 1010 Ny w2 N ) N 5 S|
A58 v R P )RR 7 IS Ko i — 25 T Y T FE 30 5 AR 7K
A L5 [ K 7 ASP X ISR E] 2 mm/h BEK H B
JERA 3, BARTEG KK A SR KA, (H
JEAE 3 UK A ELA Mg I B R /K T 0 5 () B 3
JEOT THATE IR 5 25 7 — A I B K5 4547
3.2.2 FAGKRETHEASH

K 5 TRMMPR Frilf & # 2§ 5 X0 50 km
LIS CFRIFR PN X)) 1 50 km PLAM X 38 (iR AP XD J2
P 3 P P K T Y R K e B v B AR Ak . AL 5

AILLE Y, gt E XU 2 R K B R
12 km, 6 km Dk I 19 244 B K 78 8 X 7 24 R K
NG K TFHMNX, T 6 km UL RS AHZ . B4,
75 6 km DL A B A 2P R K 1 7 34 K 3R AOR
W e B T S s XU E 6 ~12 ke 3X A ey B2 Y ]
P IR K AR AL s AR S5 T 74 3 A v i 7%
KEEE . M6 km TF4E—H ] 4. 5~5 km i &,
JEPERE K ST X R A R TG B T 156 IH A X 7 B
JEJETERE K T BLIX R, 332 PR R e I IX 3 1
BH—ALTFRWBfEAEDY . (R, FEN X RN
R K- 24 R K 2 1 e KB BRAE 5 ko @ FE AL TG
HMX S B K R KA B E 2 4.5 km, M
Bl 6b AT LI H 1 58 e B L R AR AE 4. 5~5 km,
[FIRE A PN X Sy i BE i T AR X . 7E 2.5 km DL R 2
PRI K B s B2 BRI N, 7 5 XU 2 ERE K X
b s T A N FUUZ, BEEXAT
PUZ T XA —A EFHESY, FrAfEsEw T
JEPERK 2 B G TR B

FE P X BRI K B BE 24 15 km, AR X
WA 12 km, A 88 R K S Y R K
HHIEN XK TFAMNX W R K 3 R K R e
PIX M 10 km., ZRX M 8 ke FF- b bl 25 138 14 A1 17
B, ARPEERIRAE 4~6 km /5 R Bl R Y R
GRS, Xt s KT RS E. 7F
PR DX 4D % 3 2 A 7K 1 ST 387 4 /K o A B R B 3 km

207

<50 km JZEREK  Stratiform rain

| ————— <50 km XUt K Convective rain
— — — — >50km EH#FK Stratiform rain

>50 km X} HEdEFEK Convective rain

g
<
=
.20
Q
e
g
&
— T
_______ —_—
7 ~—
. \\
<
‘‘‘‘‘ -
--------- ~—
0 T T T T T T T 1
0 10 20 30 40

%7K % Rain rate/mm-h’!

5 TRMM/PR %L Y i a7 5 KUK ZERE & XUHuG 50
km DA N B DAAR DX 38R 23 2 RO i i 7K i 01 5]
Fig. 5 Vertical profiles of rain rate contributed by stratiform

and convective rain of typhoon Kujira



xR 30 %

498 Chinese Journal of Atmospheric Sciences

Vol. 30

DL Bl 5 2 P A B — 2 Bk % » (R 3
KIS, DT IR B 7K 2 7K B AN DB 3 D T A
W« I P AR A e ) 0 AR IO P X 2 B4R v
7 3~10 km (5, 105X A7+ DI T B 3 —
B E 8 km, AL X A R KT 408 B R5 1Y 5
B2 PR K B 2. 17 em, PR 78 D08 4 300 e
(IR KB 2 A AR SR R DA E X REAE ST 32983 T I
Je R R K R 2 B — e R B R R e M

ML HT T LAAS s & R I R K
SIATHE G KU JL &5 B 7Kt v (T o 5 [ 7Kl
FAARSRA T 1T AE )2 MR AR DX N A 3%
Pl SR . R HABIE I B B B, BT
dAR/N—841 . HIEK AR/, BTLAE 5 hRFiH .
3.3 BEKBETXEIM S BT

FIFH 2A23 7= iR R B R 2 T R = B
W L eSS R B R 5 B XU
DB AL (B 6) . I 6a AT LA Hi 52 5N
S YEREE S & RO S 38 0 I i e
BT AR E A KL 35~45 km AR R(H
10 km DA B XA B 5 B RO K 1 B 7
FEAR—LE 3, SRIG . WA BE B3 2 1
JEGHEFEAR, 7E 80~90 km &b H B — A~ &5 BE AR /N
B, Z )5 W& BB B R 8 A B 8 m, #E 130 ~
140 ke S BE— MR, SR FEZ M T %, 7R

[ (a)

FEMEE Rainstorm height/km

4.688
4.684 [
4.680 [
4.676 _

4.672

JE45 B Freezing height/km

1 1 1 L 1 L 1 1 1 1
40 80 120 160 200

4.668 —L

PHE Distance/km

1 1 1 1 1 1 1 1 1
40 80 120 160 200

B W 200 km DLAM S 2R W AR
4100 mZe Ay, XFHCE 6a FIIE 2 o] LA . BN
FERT I 3 5 P YR oK i 0 B A AR A B X R 6 R
] 6b il ¢ by 5577 e BE AR 4G = B -2 {E. wT LA
F W E YIS S A X BE RS i . (H
TSl e AR A (B I R T BRI AR A
SEHFEE RN KO IS A 5000 m Bl ) Y
4200 m 24, TBESS o BE 0TI B U — ST R
{HESXFRASAEAR /N . M 4685 m 5] 4670 m, 7 LAIA K
BEAREA L, B 6d hmirm B P HEME S 6
R FE B Akt 4, IR LU e 6
RO B 3 2 A R B B A 5 6 XU 4 B 1 i i
Hahn, fEEEES & X2 60~70 km I A R AE
37.32 dBZ, FEH TR A B A KT R L
SR P12 P K AEAE T B B B AR Sz i o
EORRT R KA AE s B AR X B 2 sy
Hi K. R, BE S G R 1IR3 AR
A%, FEREES A KPR T 150 km B, 28550 1Y
{ELR A B B 00 1 0 sG] o 300 R R A I X R
SERREIKAR /N, I HLKEZE IR S A3 i . DAL
SEOL LR i a7 B XUIR BE B AR 5 Y b TS
3l FrRA 2 IR PERE K . 76 & U R K X
HIRH JLAR R BT R K A 7E X S8 X6 37t 1 R
IR Z (B AR Z R K AR N 2 R 7K 43 A7

50

(b)

481
461

44+

B Bright band height/km

421

R

1 1 1 2 1 2 1 n 1 I
4.0 40 80 120 160 200
40
[ @
361

32F

28

241

WRBE Bright band intensity/dBZ

=
2

1 " 1 1 1 I 1 I 1 1
20 40 80 120 160 200
BHE Distance/km

B 6 G XK RIEE (., s (b)), B m B (o Mg (D S & RO R 2t 4
Fig. 6 Variations of storm height (a), bright band height (b), freezing height (¢) and bright band intensity (d) with distance from typhoon center



33 s 4. 0302 5 () & KU AKCRIKCRL T2 1] 43170 1 = 4E 25 H4 FRAE
No. 3 HE Hui-Zhong et al. 3D-Structure of Rain and Cloud Hydrometeors for Typhoon Kujira (0302) 499

4 “ERE ENEKT RPKIF=4

G IR 25 Z TP RS 7K I 257K A 431 LA
RENMEREEVXR. Rao Al Cecil 257
AR5 2 B FRGHE S5 HR RS K A S K B B A
AR SR BB A OC R . ARSI & MUK
2 F RS R [ 25 K i filt T A BERHE: DAAC 4 it
1) 2A12 7 i, IZFORHE R 48 5 A% i 15 =Cf0 A
K456 TRMM i s R 1 [ K = & Kok 7
{1 7 I = <N
4.1 KAFHIKESH

L7 ATLAE s 2 KRR R 7K 5 2 1 f R (E
SR B B 5 R 24 40 km &b T 2 UK FRTATRE VK
B R ) AR BE B 5 KUl 30 km i B,
TEH B A XL 60 km RLANX IR, BR T ATREK LA
Gh, HA AR T & & AR AR /N, T AT B IK B R A
BB 4 XL 60~120 km KIRAXS FE 52, fEX 2
JE G TR, g5 A K 7 MK 6a v LA . = KA
LI See 5N i 4 SrE f roN =N DS S B ] VI
HIRCOR BN E A B, HE R K AT R & i
KAE IR B & G K ORI, [FIE, fEREE
B R 80 km DALMY X S AR 2 vk IR
ToKM &, S E/NT 80 km B IE4FAH 2 .
K IKFEAT—FE, K R TR KR T £ 24y
A EFE 85 5 RHey 100 km DL X
4.2 KEFHEEDHEHFLE

Kl 8 43 2= th & FoKoRLF- BB AE 5 & K
OARFREES (50 km, 50~100 km, 100~200 km.,
200~300 km) b FRIE X I b =5 FE ) A2 k. AUIA 8a
Al LIE Y, 2K FEAGTE 2 km B 8 km 15 i
X s 25 K 5 i f KAEL AR BUAE 5 km = AL,
I HLF A & XU BB T 1S K 25 7K 2 i ) s/
FERE & XL 50 km DN A IX I F) 0. 215 g/m?’,
=/KTE 100 km DA B &5 &8 A8 LA 2 AR K, T 7E
100~200 km XI & 20 B /NF 100 km LY
&R, EEANEHEN—F, 78 200 km PLAMX
BN =K SRR LA . G XKD R
KR FEEEPTEREE & K 100 km DL IX
B, SRR EEEP AL, B8 BRT &
IKFZATE 8 km LA B 23, 728 & X0 50 km
DN =K & i KT HABIE S kS &, =
UK B 1 B ORE B A AR RS Ak, il e B g

— — — — =K Cloud water
""""""""" ZVK Cloud ice
[ BEK Precipitable water

—— - —— TR Precipitable ice

%K BT %8 Hydrometeor content/kg - m™

PEE Distance/km

Pl 7l s & XK = 2 i % R KoK 78 S 1 B 8 SR o
SRR B PG E B AR AL 43 A

Fig. 7 Total amount per unit area of hydrometeors (cloud wa-
ter, cloud ice, precipitation water and precipitation ice) within

air column varying with the distance from typhoon center

B 100 km DL P - 35 85 KB H 301 5 B
14 km, =5 0.32 g/m®, W7E 100 km LMy &
By KAE A B 7 km, AR 100 km DL Y
—P B R FAE A KU BEA A AR A X I
R Ger= R R [ AR 0 T R BE S 2
PR K DI [ 250 2 el DARBE 37 8 ) SN I
At IF HLHEE S A R B B 8N %
Wi R RE. FTLA 100 km LAAME 2 oK B K5 1 v i
T 100 km PAN. 534b. IWAIRIFE B = vk &
KE . UK EBEEPERE G K0 50 km LAY,
= 10 km DU_E R IR,

Bl 8c Sy nl R K () ELET R, W] BE/K 71 i
KAE B = EEAE 100 km DAY XK 2 km, 7R
200 km DIAMX I E 35 4 km, X AT RE S 7EH 2 &
AHL 200 km DAAMX I 32 B 2K A . 5
Hh, FERE A KU 50 km DL A X8 T 4R 5 Ak
) 0.86 g/m’, Bl 5 G Kb BE B 3G I E 47 {4
TP AT RoK & GE /N . SREK =K —4E, 1]
Mok BB RS G KA 100 km LN X%, &
8d Jy AT R UK () T L ER L . FRALAR TR N AT B UK 5
SURSERERETRE B RNIN Rt 10b I TR WA NP (EP -2 WA N
R BEAR /N [RIESE s B AR FR PN AT e K 5 o e R (B
PRI 5 B e BE 2 & KO AL B /N F 50 km B R



ko R 30 %
500 Chinese Journal of Atmospheric Sciences Vol. 30
20 20+
b
@ — = — 0~50 km ®)
------------- 50~100 km ~.
100~200 km \
16 — — — 200~300 km } \\
£ 1] & 7
%n %,, / - —
5 5 / —
jan] jun) / / -
= = {
1 12
—— = — 0~50 km
\ e e 50~100 km
1 100~200 km
1 — — — 200~300 km
0 T ¥ T 1 0 T T T T 1
0 0.1 0.2 0.3 0 0.1 02 0.3 0.4
ZIKE R Cloud water content/g-m™ ZUKE R Cloud ice content/g - m™
204 207
(© (@)
— = — 0~50 km — = — 0~50 km
------------- 50~100 km 1 eeeremmeeess 50~100 kim
100~200 km \ 100~200 km
167 — — —200~300 km 16 \ — — —200~300 km
a
§ 124 2 124
= =
2 =
L L
T -
® ol T
2 b 81 T \/
4_
0 T T T T T T 1 0 T T T 1
0 0.2 04 0.6 0.8 1.0 0 0.2 0.4 0.6
K& & Precipitable water content/g - m™ A f#UKA & Precipitable ice content/g - m™
B8 “fgith” E KKz R SRR TS & KA DA B B KIS P &2 E 0/ (@ =K; (b vk (o) ATREK;
(d) ArpgEvk

Fig. 8 Vertical distributions of average amount of hydrometeors varying with the distance from typhoon center: (a) Cloud water; (b) cloud

ice; (c) precipitable water; (d) precipitable ice

8 km, KT 50 km %)%y 6 km, FfHAE7 km L) |-
P 50 km AP AT RE oK 25 B B v T Al X 3
MATREVK S . X2 H T 7E 50 km DLAMIX I 7E 8
km DL EH KEAKS . FIETE 50 km DLPY XI5
BARGREU TR, BrLATE 7 km DR X85 1
BN T H A XSk 0 AT K S i, 34, S5 Al 8d
7 A A, EE XK s B2, TRk
IR A L A KR T 5o 355

E 8 B INEK = BB KR = ok K = 44y
fiis WJUEH, & XNERREE o 278 B 4
HMES X LZ2A B MRS . XMIEZEE

AR ZEEER, EaE S R A R EL
Friz gl MERE g 6 KA R b )2 PR K X IR
TUTBL S It HX A6 THE sh i 5 & K
OB B2 B WG TR A P, AERE B & X0
O BER T IR B . Al b b ik B b
5 g

F TRMM ) PR, TMI 1 VIRS ZE8E, 4TS
0302 E-“fiifa” 4 KT 2003 4E 4 H 16 H 1105 UTC
(IR K R K 2 2R R KREF B = 4E A AR iE . 2
O S YN O G s i 71 = W = N 5 e e N i B 8



33 i g . 0302 5 (i) 5 UK FIKORL 25 8] 73473 1 = 425 R ARIE

No. 3

HE Hui-Zhong et al. 3D-Structure of Rain and Cloud Hydrometeors for Typhoon Kujira (0302) 501

REAHT i 1 9 B P YRk i [k = &R b 4
HKRLT(BIK UK ATREK S ATREVORL 1) 1) = 4
srAIE. PR R R

TEREES & X024 30~40 km 4b fF B % 7K
IR, ARG FEK S A B B 0 35 G s .
Tt & KK & A iRREKA . B LAREE 5
B XL AR, SFEREK RS LS. T
Gh, ‘gt G XK FEEL P & S X
100 km PAPY, 3% B H Y 4070 B K TR, Z14E
T 60% HIREK, FE“fHfa” G KK, 4 85. 5%
TR JEVERE K TR R K T AR o B
AREN13.1%, HEHITIER T 42200 BFEK R, #T
1. A% SILALREIK . SRR A B R K 1) DTk
o TR R DX -2, a6 KUK b
SR EVERK, XK EAR BT AR /N, (H
JEXT BB K B ATA IR R DTk . R R K 1724
Bk SRR MERK Y 4. 7 %, 28 TR I b X
M EME . N mita” & XK 1Y = 47 AR B el L
Ailh s BRI BER S XN TR R SRR, B
PR TR A 2% TET AN 52 il b B TR AR AR B A W] &, R L
A Bl 28 T T AL 5 R K I 25 . 2 5 FDRH R
K HAE A B 22 5, 2 iR K 3
FEZR 5 km, 76 5 km LI AE, T HEXH LT
MU ITER . Bk Rk E T, X rERE
TK IR K ARG S X i 3 7K e o ) s R T
TEN X FZALTPAE 3~10 km 5 B2, MIAM X AF7E
TN Z—EF 8 km,

GHBEK = R mK. aUK. AT REKRTAT K
SHEAME 5 6 WO B L. =K
AR K B d R 5 AE 43 0l 8 BEAE 1 B Ml o i Y
5 kAl 2 km &b, {H2 2 vKFTAT R 0K 2 B KAE
B A & X0 50 km AN RS B & T
50 km AR R

1S 2D PR 5 LEAS ] SR B B 1) 254
FROE B HIERGTRHIEE & KN & R B R 5 T A
[] B B A K R 7K 2 28 vhojORL T~ 1) = 4451
B RAIERA T TR TR F . SRR Goddard
5 ) RAT R D HRA & Ul (DAAC) #2 T TRMM Yokt 7EH—
R

S %k (References)
L1] BRBeHE, &8 5. RERE MR HEER. KRR,

(2]

[3]

[4]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

2001, 25 (3): 420~432

Chen Lianshou, Meng Zhiyong. An overview on tropical cy-
clone research progress in China during the past ten years.
Chinese Jowrnal of Atmospheric Sciences (in Chinese),
2001, 25 (3): 420~432

Simpson J, Kummerow C, Meneghini R, et al. The Tropical
Rainfall Measuring Mission (TRMM) progress report. Earth
Observation and Remote Sensing . 2000, 4C; 71~90

Lonfat M, Marks F D, Chen S. Precipitation distribution in
tropical cyclones using the Tropical Rainfall Measuring Mis-
sion ( TRMM) microwave imager: A global perspective.
Monthly Weather Review, 2004, 132 (7). 1645~1660
kA, HATE, BRaE. PEALAROF R ik & XS5 H 1 T A
M G407, BHFEAR . 2004, 49 (5): 493~498

Zhang Hua, Chou Jifan. Qiu Chongjian. Assimilation analy-
sis of Rammasun typhoon structure over Northwest Pacific u-
sing satellite. Chinese Science Bulletin (in Chinese), 2004,
49 (5): 389~395

Tepper M. A theoretical model for hurricane radar bands.
Proceeding of Seventh Weather Radar Conference. Miami,
Florida. Nov. 17 - 20, 1958, K56~K65

Macdonald N J. The evidence for the existence of Rossby like
waves in the hurricane vortex. Tellus, 1968, 20 138~150
Willoughby H E. A possible mechanism for the formation of hur-
ricane rainbands, J. Atmos. Sci. , 1978, 35 (5): 838~848
Willoughby H E. The vertical structure of hurricane rain-
bands and their interaction with the mean vortex. J. Atmos.
Sci. » 1978, 35 (5): 849~858

RAESE B RIRBE R iE Rossby . RZ %M
2002, 60 (4). 502~507

Yu Z H. The spiral rain bands of tropical cyclone and vortex
Rossby waves. Acta Meteorologica Sinica (in Chinese),
2002, 60 (4). 502~507

XGE, HRF. BRI IRFELS . 1§, 1980, 38
(3): 193~204

Liu S'S, Yang D S. Spiral structure of typhoon. Acta Ocean-
ologica Sinica (in Chinese), 1980, 28 (3): 193~204
Diercxs ] W, Anthes R A. A study of spiral bands in a linear
model of cyclonic vortex. J. Atmos. Sci., 1976, 33 (9).
1714~1729

Luo Zhexian. Nonlinear interaction of axisymmetric circula-
tion and nonaxisymmetric disturbances in hurricanes. Science
in China (Ser. D), 2004, 47 (1). 58~67

BREE, T —I0. PURPEES KBRS, dbnt: B pd.
1979. 193~204

Chen LS. Ding Y H. An Introduction to the West Pacific Ty-
phoon (in Chinese). Beijing: Science Press, 1979. 420~423
B G X BB & XA R, KRR,
1994, 18 (5);: 513~519

Luo Z X. Influence of the disturbance evolution in the edge



502

K #

Chinese Journal of Atmospheric Sciences

pUA

5

30 %
Vol. 30

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

area on the typhoon structure. Chinese Journal of Atmos-
pheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 1994, 18 (5): 513~519

Meng Z. Masashi N, Chen L. A numerical study on the for-
mation and development of island-induced cyclone and its im-
pact on typhoon structure change and motion. Acta Meteoro-
logica Sinica . 1996, 10 (4). 430~443

IRPEAE, SRIEZE, BRIEHF, 55, & XU e e i S A% % 2l
JIERRAE: ST, MR B, 2004, 47 (1) 33~41
Xu Xiangde, Zhang Shengjun, Chen Lianshou, et al. Dy-
namic characteristics of typhoon vortex spiral wave and its
translation: a diagnostic analyses. Chinese Jowrnal of Geo-
physics (in Chinese)» 2004, 47 (1); 33~41

fifgsef, YRS, BRI BT, %, TRMM K HBE ™ 5 15 .
SERHE, 2004, 32 (1) 14~18

He Huizhong. Cui Zhehu, Cheng Minghu. et al. TRMM
satellite and application of its products. Meteorological Sci-
ence and Technology (in Chinese), 2004. 32 (1) 14~18
Kummerow C, Barnes W, Kozu T. et al. The Tropical Rain-
fall Measuring Mission (TRMM) sensor package. J. Atmos.
Oceanic Tech. , 1998, 15 (3). 809~817

Iguchi T, Kozu T, Meneghini R, et al. Rain-profiling algo-
rithm for the TRMM precipitation radar. J. Appl. Meteor. ,
2000, 39 (12). 2038~2052

Liang L. Meneghini R. Iguchi T. Comparisons of rain rate
and reflectivity factor derived from the TRMM precipitation
radar and the WSR-88D over the Melbourne, Florida, site.
Journal of Atmospheric and Oceanic Technology, 2001, 18
(12): 1959~1974

Tufa D, Emmanouil N. Regional differences in overland rain-
fall estimation from PR-calibrated TMI algorithm. Journal
of Applied Meteorology, 2005, 44 (2); 189~205
Hirohiko M, Iguchi T, Oki R, et al. Comparison of rainfall
products derived from TRMM microwave imager and precipi-
tation radar. Journalof Applied Meteorolog , 2002, 41 (8)
849~862

Willoughby H E. Temporal changes of the primary circula-
tion in tropical cyclones. Jowrnal of the Atmospheric Sci-
ences, 1990, 47 (2). 242~264

William M F. The Structure and energetics of the tropical cy-
clone II. Dynamics and energetics. Monthly Weather Re-
view, 1977, 105 (9). 1136~1150

Marks D F Jr, Houze R A Jr. Inner core structure of hurri-
cane Alicia from airborne Doppler radar observation. J. At-
mos. Sci. » 1987, 44 (9). 1296~1317

Houze R A Jr. Cloud clusters and large-scale vertical motions
in the tropics. J. Meteor. Soc. Japan, 1982, 60. 396~410
Houze R A Jr. Observed structure of mesoscale convective

systems and implications for large-scale heating. Quart.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

J. Roy. Meteor. Soc., 1989, 115; 425~461

Houze R A Jr. Stratiform precipitation in regions of convec-
tion: A meteorological paradox? Bull. Amer. Meteor. Soc. ,
1997, 78 (10). 2179~2196.

Schumacher C, Houze R A Jr. Stratiform rain in the tropics
as seen by the TRMM precipitation radar. J. Climate, 2003,
16 (11): 739~1756

Heymsfield G, Geerts B, Tian .. TRMM precipitation radar
reflectivity profiles as compared with high-resolution airborne
and ground-based radar measurements. J. Appl. Meteor,
2000, 39 (12). 2080~2102

Schumacher C, Houze R A Jr. Comparison of radar data
from the TRMM satellite and Kwajalein oceanic validation
site. J. Appl. Meteor. , 2000, 39 (12); 2151~2164
Cheng M, He H, Mao D, et al. Study of 1998 heavy rainfall
over the Yangtze River basin using TRMM data. Adwvancesin
Atmospheric Sciences , 2001, 18 (5); 387~396

iz €, FUEE, e, 45 TRMM R F s F 3 s %
SOk P A v R K TR W K 45 0 1 X 43 BT B 9. RO 2%
Hiz, 2003, 61 (4); 421~431

Fu Yunfei. Yu Rucong, Xu Youping, et al. Analysis on pre-
cipitation structures of to heavy rain cases by using TRMM
PR and TML Acta Meteorologica Sinica (in Chinese) .,
2003, 61 (4): 421~431

Teshiba M, Hashiguchi H, Fukao S, et al. Typhoon 9707
observations with the MU radar and I.-band boundary layer
radar. Annales Geophysicae, 2001, 19. 925~931
Hitschfeld W, Bordan J. Errors inherent in the radar meas-
urement of rainfall at attenuating wavelengths. J. Meteor. .
1954, 11(1). 58~67

Rao G V, MacArthur P D. The SSM/I estimated rainfall a-
mounts of tropical cyclones and their potential in predicting
the cyclone intensity changes. Mon. Wea. Rev., 1994, 122
(7): 1568~1574

Cecil D J. Zipser E J. Relationships between tropical cyclone
intensity and satellite-based indicators of inner core convec-
tion: 85-GHz ice scattering signature and lightning. Mon.
Wea. Rev. , 1999, 127 (1) 103~123

Bauer P, Amayenc P, Kummerow C D, et al. Over-ocean
rainfall retrieval from multisensor data of the tropical rainfall
Part 1I.
Journal of Atmospheric and Oceanic Technology . 2001, 18
(11): 1838~1855

Black R A, Hallett J. Observations of the distribution of ice
in hurricanes. J. Atmos. Sci., 1986, 43 (8). 802~822
Houze R A Jr, Marks F D Jr, Black R A. Dual-aircraft in-
vestigation of the inner core of hurricane Norbert. Part II:

J. Atmos. Sci. ,

measuring mission, Algorithm implementation.

Mesoscale distribution of ice particles.

1992, 49 (11): 943~963



31
No. 3

fafzerhé . 0302 5 (i) 5 KUK FIACKL T 25 [8) 43 A (Y = 4ES5 H4 FFAE
HE Hui-Zhong et al. 3D-Structure of Rain and Cloud Hydrometeors for Typhoon Kujira (0302)

503

13°N

3% 13£°L 1391 136°L

1705 @

16°N1

15N

145N

13°N

133°0 136°L  137°L

1341

133°1

3% 134°L

1331 134°L

1391 136°L  137°L

136°L 137°L

135°L

B2 20034F4 H 16 H 1105 UTC WM A “frifa” & K. (a) VIRS 26 3038 8 W (W £L AR 52 i 40 A 5 (b) TMI 36 JU3E T8 W8I0 79 k38 5 1l 43
TR (14 30 36 THT 7K 43 A
Fig. 2 Typhoon Kujira observed by TRMM/PR, VIRS and TMI (1105 UTC 16 Apr 2003): (a) Brightness temperature image observed by
VIRS channel 5; (b) brightness temperature image observed by TMI channel 9; (¢) near sea surface rain rate from 2B31 product (PR/TMI

s (o) PR/TMI W i) & KGE W T R K 3 A s (D TMI B A A

4
ey

rainfall retrieval); (d) near sea surface rain rate from 2A12 product (obtained from combining TMI data and models)

155N} 1

EEN P

13°N

12°N

134°F  135°F  I36°F  |37T°E
15.0

12.3

10.0

B leight'km
_n
=

mm‘h
] 100.0)

10,0

Il,l'l
01

]35.5°F, .
&4 I TRMM/PR 2l i i a7 5 XFE 2 km &5 B IR KK (2) . TEHIHE (b) F=4E ik (o B

Fig. 4 Rain rate at 2 km height, vertical cross-section and 3D-stereo displays of typhoon Kujira

(c) mm/h
; 100.0

S50.4)
'8 20.0
10.0

L a0

I].()

I33°F  134°F

L

135°F  136°F  137°FE  I38°F

mm/h
w 100.0

i e

10.0

I L0
1
el

136.0°F

136.5°F 13



