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rainfall intensity. The new data are used to investigate temporal and spatial variations of precipitation structure
within 111-km radius centered the typhoon, especially the evolution of rainfall structure during the concentric eye-
walls cycle before Saomai landfall. The authors find that typhoon Saomai had concentric eyewalls before it landed,
and the mean radii of the inner and outer eyewalls were 24 km and 59 km, respectively. The radius of the outer eye-
wall did not minish due to the rapid landfall of typhoon Saomai after the concentric eyewalls combination. During
concentric eyewalls circulation, the precipitation in the inner and outer eyewalls and rainband regions was very heavy.
In the outer eyewall region, the time series of mean rainfall rate was more variable than that in the inner eyewall and
rainband regions. And in the inner and outer eyewalls regions, the mean rainfall rate increased with time, but in the
rainband region it decreased. The precipitation in the inner-core and outer regions was also heavy, and the mean
rainfall rate in the inner-core region increased abruptly about the three hours before Saomai landed, and then it de-
creased, accompanied with the reduction of the typhoon intensity after Saomai landed. The distribution of precipita-
tion of typhoon Saomai was asymmetric. Before Saomai landfall, the maximum rainfall rates in the inner eyewall,
outer eyewall, and rainband regions occurred in the right quadrant relative to the storm moving track, and the azi-
muth in the rainband region was always to the right of those in the inner and outer eyewalls regions. The azimuth of
the maximum precipitation in outer eyewall and rainband regions varied with time during the concentric circulation.

After typhoon Saomai landfall more precipitation in the inner-core and outer regions appeared in the back quadrant

relative to the storm track.
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Fig. 1 (a) Cand (b) E between two kinds of rainfall data and
the automatic meteorological observing station rainfall data; (c)

the distribution of the automatic weather stations
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Fig. 4 (a, c, e, g) The radar reflectivity of typhoon Saomai (The antenna elevation angle is 0. 5°) and (b, d, f, h) the distribution of the
precipitation from the new radar-raingauge data on 10 Aug 2006 (a, b) 0500 UTC; (c, d) 0600 UTC; (e) 0912 UTC; (f) 0900 UTC; (g)
1048 UTC; (h) 1100 UTC. Square: radar location; thick real line: typhoon track; black points: hourly locations of the typhoon centers.
The first solid circle marks the outer edge of the high reflectivity in the inner eyewall, the second solid circle marks the outer edge of the high

reflectivity in the outer eyewall, and the solid circle at 111 km is the boundary of the rainband region
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K2 BRURE” NIMNREFHES R EHPEKZRR &R Alicia (Burpee et al., 1989) #1 Allen (Marks, 1985) ERIZf I/ 45
R Bz Rk 2
Table 2 Mean rainfall rate for the inner eyewall, the outer eyewall, and the rainband areas of typhoon Saomai, and the corre-

sponding results for hurricanes Alicia (Burpee et al., 1989) and Allen (Marks, 1985)
IRk /mm - h!

fM HRJis P AR 45 SR ks 15
Saomai 18.8 (1.0 12.6 (2.0 20.1 (9.0 9.8 (27.8) 12.3 (38.1)
Alicia 5.2 (3.3) / / 2.8 (1.0 3.2Q7.7
Allen 11.3 (3.8) / / 1.8 (34.9) 2.7(38.7)

TE: 55 ARYBE AR R A R KRBT AR (Bz: 10%km?) CRIAD.

x3 AR “RE" W, MR P I A G HY Rk 18 R X 8 2 Bk 3R A SRk B £ XK 48
Table 3 Areal coverage percent and contribution percent of time- and area-averaged rainfall rate for five rainfall rate classes to

that for the total area, the inner eyewall region, the outer eyewall region, and the rainband region of typhoon Saomai

36 X, SRR R

Rk % /mm - h™! X 3, PR 4 SMIR 5% [Eki X 3, PR AR 3% [k
<2.5 6% 10% 0% 8% 1% 1% 0% 1%
2.5~5.0 10% 9% 1% 12% 3% 3% 0.2% 5%
5.0~10.0 32% 22% 13% 40% 19% 14% % 31%
10.0~25.0 43% 50% 59% 37% 55% 62% 56% 54%
>25.0 9% 9% 27% 3% 22% 20% 37% 9%

F 10 mm/h [WREAK A 4 2 H X 40260, % F3 30

FAk i TS B 6350, Ti/NF 5 mm/h HIFE K 271 2 Outer epeval -

XY RETK R TTRRTE N« AR 358 DX R RN A A3 Il Rainband -

Bk 4%, 0. 2% F1 6%, B XKML iR/, Burpee '; ]

et al. (1989) TEFFUMA Alicia I8, FIHFHUNT 5

5 mm/h (YRR R 2 K R 1 TR IS B 5174, =

Marks (1985) & BIATF 12. 2 mm/h HIFEK A 5 5 9

JEIXL Allen HRES X ) 25 %, TMAERAH R EIAE] 1%, 61

RESIE A T AR R T K S N

R R 30 fEBRRIAT 5267 Wy R b e AR 0500 0600 0700 0800 0900

B0 LR R, <R3 SR A K. M 10 H 05 Hime (UT6)

I3 09 I — B 4E 7B 3R & X0, RN R 7 2006 4F 8 1 10 H AR “5236” BRRERTI . SRS FIF 4

SR E R T AT LR S] (B 6) BIMRZERTHFK, PP kREI i

ik A A ] 8~12 km B, HIREF] 4 km 25 Fig. 7 Time series of area-averaged rainfall rate for the inner

eyewall, the outer eyewall, and the rainband regions of typhoon

BEAMFAERIE Y 35 dBZ utl:iui ] T 6 W Y
W X S FE R TR BRI, X AT RE SR SR CHR R

Saomai before landfall

R AR B K O 2 A MRS AP B K R AR LT PR B SR B L T
N T EIE R R 5T L AMREE RN IREA SRR, HISP R BRI (R B
Ay FR P R K R BRI R RS O B 7 2 1K #/\J:ﬂﬂ@fﬁ_i%‘, M06 B I i A7 — A~k 18 5 1Y

SRR T B K SR R AR 2k, FTI, dRR . R AR ISR RN T PPT I (B 4) FOEEE
W05 B E 09 i B[]GB MR BN o B, milEL (B 6) rTRAE S, A 05 FE] 09 B “53” 4b
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Table 4 As in Table 3, but for different periods of time
0500UTC~0600UTC
5 X 3, SRR 2
Rk % /mm« h™! SRR P AR SRS [oks KR Py A SRS Gkt
<2.5 5% 13% 0% 6% 1% 1% 0% 1%
2.5~5.0 9% 1% 2% 1% 3% 3% 1% 4%
5.0~10.0 31% 20% 20% 35% 20% 13% 10% 25%
10. 0~25. 0 52% 16% 72% 16% 69% 59% 79% 65%
=>25.0 3% 9% 6% 2% 8% 23% 10% 5%
0700UTC~0900UTC
78 25 X SRR AR
Rk % /mm - h™! X P AR AR % Al J595e: P AR SRS Gk
<2.5 7% 7% 0% 10% 1% 1% 0% 1%
2.5~5.0 10% 8% 0.02% 14% 3% 2% 0. 004% 6%
5.0~10.0 33% 22% 8% 12% 19% 14% 3% 34%
10. 0~25. 0 37% 53% 51% 31% 15% 64% 12% 47%
>25.0 13% 9% 12% 4% 32% 19% 55% 12%

MR8 DX P T R [l 0 i T IR 35k, HLR SRR IX.
TR R IR S DRI A IR 35 N 3 S
BR, AT T AR 5% He P R 835 7= A4 T 56 ) A K
11 P R 58 - BB 7K R AE 06 1) 08 B 2B A F B
08 B3] 09 Bf Ry—A~ L Fbid A8, H b T B W g 22
NTAMIREE . FHE A R OK AR AR N
AN TR R, TR 24N 2 mm/h,
Marks (1985) {7 £ 7£ [0 HR 35 178 5 2o 7 v JELXL
Allen IR - YR8 K A0 5 0 7 ] IR i 25 1R 8
EARHYB/N . AR Allen RS- 447 4 7K 2 4 184 i 2
BRI RO IR B 3R, B4, FE “F3E7 XHIEAR
SIS [RIRE RO, B Ry s B 2 1 SR Bkl
ARHT “RIE” ERET .

AR SCH Rl T 05 B3 09 B 43 T PN B L
A3 B R 5% 4 R 3 (05 i ~06 i) A 9F
BF] (07 B ~09 i) . 434 A [RIEEI  ZHR 35 A
TR AR B 7K B 2 i DX A B e [ - 3
FON- K TTERAS A 238, sk 4 R, Bl [F)
O IRSEA A NS SRS KT 10 mm/h 1 REZKR
SP-BIRAE K 2 %) BT RRAS W3S A0, T o DX AN 2
s EDOHRES A BB, HO PSR 7K 3 1) Tk 43
BIKE] 83% M 97 %0, B XSGk H] 6296 F1 937,
For AR S KT 25. 0 mm/h AREIK X 2K
R TTERIG I Ik 3, IZ TG 10 D0

=5 BN K% WZXEIMNERZEFEHMEKE
Table 5 Mean rainfall rate in the inner core and the outer ar-

eas of typhoon Saomai

/K% /mm- h™!
A% NG| 1
1000 UTC~1700UTC 18.1(10.9)  8.9(27.8) 11.5(38.7)

0500 UTC~0900UTC  18.8(10.9) 9.8(27.8) 12.3(38.7)

B 5500, ULHIENGIFBYBL. SMREH X4 2 i
JNEEEE . /DT 5 mm/h BYFFEKA, W R4 A Y
B, E— AN R WX, KT 10
mm/h [7K B TTRRASFIIT ok DX R 1] D)2 — Dk
/NEGEH TN 5 mm/h BREIK . BER ]S AT R
e
4.1.2 BrE (10 B ~17 8

T AETFXE “53ET ERATE A% RSN E P
IRE KA IEAT O, 325 Za i 1B R AT S X A X
BREPFERE KA WA R, B RS NS FE Y
SRR R AR A Pk, 2390 9 18, 1 mm/h Al
8.9 mm/h, WHFEAKIZINER 2 15, % 6 N
AN E X Hp LA RO 4 B /K 3 6 DX P 23 B i [a]
SRR R K SR F 8.t 6 m L, %
B . PZIXUNT 5 mm/h R F-E R K R 1Y
SRR S o XSRS BT, 1k F 10 mm/h Y
[/ OB SN o Iy IN L R o N/ NP S A N
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25. 0 mm/hif FE7K X ERE K 1 TTHRENA B g ok, i
10. 0~25. 0 mm/h [ 7K 3 TGRS b T B RE K %
(A BRI 2 T 7 XS W/, TESNELIX . N F
5 mm/h [ K % >25. 0 mm/h [ K EEFERTG
AR S A% X — B, “ 35" TERRGRTE . M
X FNAR IR K LASR R K O 32 R 3k R SR A -1
HmE (6 ] LLE . 7“5 B flian
Ji » PRSI X — BLAAR TG K, B R 7
AN B ik A A #) 8 km A B, 35 dBZ L b
AR AR [ b T B b A, X T R S E “ &
37 BTG K i R AR A KA SRR

P 8 S i i i PAAZ: X A B S 34 [ 7K R i o
[ AL 2k . NIl LB 3, P X P34 [ K
SR RS e — A i A, Hop A 06 B CRP
BRBEHT 3 /NI AEAT) FRAR . A — A SR A R
BT L8 A%, 2 10 BEE#RHKME 27. 1 mm/h, Z
Ji Bt £ RV B2 ) SR 55 PN A DX K s ]
I TR E . NZX NSRS, &
TR _E 3SR 5 WA RS (Rodgers et al.,
1994), JAPREEE (2004) E40HT 675 b X 8B b &
R & B, A% X R KA B Bl 1 /N S B
PR, PSS (2004) WiE—E A HTEE .
T WAL Bl 98 8RRl 55, T DA iR R K 5 Py

Inner core
——— Outer regions

Rainfall rate/mm-h’!

0500 0700 0900 1100 1300 1500 1700
Time (UTC)

8 2006 4 8 H 10 H X “F3L” BRI G AZX S -
¥y R K AR BRI 8] 1 224k
Fig. 8 Time series of area-averaged rainfall rate for the inner

core and the outer regions of typhoon Saomai after landfall

IR R BB TR T 5 XU A% Xl I 6 ol
W2 i A o0 . 3t R P 48 0 e 3 €
THER P AL BN AR G 45 R, AR & X8 B2
JITEE I o A B XS 45 o 7K 25 Bt 1] 6728 A D) B Al /)
THWEIX, SR R0 TR ST
4.2 KR 5 o FRHE

X B KUK 25 18] 3 A A AR R P 2 24 A D
S TF3X )5 I HIAFSE . Cline (1926) 3§ Hi8 i iz Kk

R6 AR URE” MAZFSNE X HpF AR A Y Bk X8 B XI5 T Bk R A STk AN B 3B X4

Table 6 Areal coverage percent and the contribution percent of time- and area-averaged rainfall rate for five rainfall rate classes to

that for the total area, the inner core and the outer regions of typhoon Saomai

R (1000UTC~1700UTC)

T 5 Kk F-H Rk 2
FE7K3R/ mm - h! B, A% HME X A% S
<2.5 16% 3% 21% 2% 0.4% 3%
2.5~5.0 15% 1% 16% 5% 3% %
5.0~10.0 24% 20% 25% 16% 1% 20%
10. 0~25. 0 35% 10% 32% 46% 10% 52%
=>25.0 12% 26% 5% 31% 16% 18%

BT (0500UTC~0900UTC)

Bt Pk TRk
K%/ mm - h! SR M S Jsyne: M S
<2.5 1% 2% 8% 1% 0.1% 1%
2.5~5.0 11% 2% 12% 4% 0.6% 5%
5.0~10.0 32% 14% 40% 23% % 31%
10. 0~25.0 41% 58% 37% 58% 57% 54%
=>25.0 5% 24% 3% 13% 35% 9%
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BRI G R ART R R, Frank (1977) j@id e
, . ean storm
GBIl TR KRR, S0 UK S A Greion 290
WA ARV, SR BT Bk | -

REoK A FE AT RS BR AT RE 2 th 1 5 KULE ] 2 45 gl
PR Z FMIE 520 . Shapiro (1983) 7EMF5E K PE
R REIR RS S H B A AR R B, X
B 5 40 R B VAR = R Wit 1) N1 B2 <R 90
AT K 3G 5 . G XER DL 10 m/s I
ot HR IS b B KR G e A 10 X2 BR AR I I i
A AR s WY RELL S m/s R ER S, i
KERA R A AL R BERT 7 58 B8 43

“FRR” ABREATLASE 4 5.6 m/s BB ] Y
e Pa sl . LLEREE S 0k v flE ),
PR SRR SR o A ISR a3l e AT
TEPUANZIR N BF- 4Rk F8 Canl&l 9 Firos) . INHR
S R K 25 (R B R K 32 BTE 6 NS Bl AR 1 A
ISR E vl = i S AN EIR 5] ) e85l
2. 2% FEAMIREE . f5 KA [ F- 2 B AR BT R 4 FR
5 RS — 2, R e/ Nas ()74 8 K S 0] s BRAE A2
BRI, H5RAFBREKFEMER N, Hh,. 78
PIHRSS DX A AR X AR M B S 220 T 2240 1 AR 8%
XWE A A E TRl G . AR, o R AR /Nas (]
IR A ITE A S R AR 2 R . BT 22
REN 2.6 f5, B9 H, L. s HELR RN LR kA
BN L AR 5% AR HF DX d5 R R K BT A T
fro PN HRES B KRR 6 H BLTE & KU AR A ) 16°11
AL b MRS 5 R R K R I BLAE P HR 335 114 22
M1 FRAT AR HAT

“IIFET AR BSR4 5 K R 7K R A RUHR B
eFEAR GIF A E A B A . & 10 5N,
SR 55 B2 TR 1 A% ) A 1 DY A 52 B A 2 ] SF- 349
KA RF B (FEE A 9. rTRVE S, K
MR S8 B R R K R B AN K 1T AP IR 35 55 i — Bsf
B BRGSO N 25 A . S IR 358 i
B, &) 10a F1 10D H MR % i R R K %
MBE & XS 2 fi 42 A0 M 11° 19 7 A 1) A B ) 111°,
P, &9 Hr P AINHR S R AT 1) o K R K 11 o7
HARRM B 10a, b 4B B e KFEK 907 &
PRI RE A, PN AR R A7 ) B K S ()3
Bk R BRI A 22 A, —BHAEATTRRMA TGS
PR, PIIRSEAAEXS PRI R ZSE R G R T 424, Mok
RS AR B AE R R AT G K T A4 (HAE SR %

A
59 k,m

4.9 mm/h 10.5 mm/h

18.1 mm/h|23.0 mm/h
24 1&74

12.3[47.9
mm/hymm/h!

8.1]11.2,
m/himm/p" -

18.9 mm/h|19.7 mm/h

10.6 mm/h 12.8 mm/h

59 km

12.4 mm/h 14.3 mm/h

111 km

P19 2006 4F 8 J1 10 H &R “Fe36” BRREAT A . AR 5% R Y
DA T KRS B AR 1 DU G IR - Bk R . BRI 2
SMEMEZR R 111 km DL P2 O30 DY A G2 B0~ 2 R K 3
HE5 BT WRBE AR N I 0 A5 MEZRfiT Sk IR BEBR
KT 00 R HT Sk SIS e KK A 5 00 R Sk
AT e KRR Y 7 o

Fig. 9 Mean rainfall rate in the four quadrants, relative to the
typhoon moving track, for the inner eyewall, the outer eyewall,
and rainband regions of typhoon saomei before landfall. The
numbers outside the largest circle are mean rainfall rates for the
total area; the number in the brackets is the azimuth of the
storm moving track; dashed, dash-dotted and dotted arrows in-
dicate the azimuths of the maximum rainfall rate in the inner

eyewall, the outer eyewall and rainband regions, respectively

HIEW, PR T AERT BRI K IS DAk, ARG B2 (A
FRREK A F] 20 mm/h DL, HET, SBb
ML 3588 TR 7 e K i K o7 B8 i A6 B 72 1 TR - 3R AN T
2, DU H#E T IR A BB

“FRT FBRET . HN L SRS R K IR 2
RN, WX Allen (Marks, 1985) HR
S P RCR B K R A TE R Sl s A A 107 ~15°,
1M Burpee et al. (1989) W5 X Elena N & #t, H
R 35k v 85 R K R AR AERS S AR A N 4571 o7
B Allen XU B KB K 7 B AT s X A~
BR324 10 m/s Fl 4.9 m/s, A 9 7]
DI BPEREHT “536” N, SMRES & KK AER 3l
PRARAINT 16°F0 47, AR KR Bl N e KRB K A7
THIEEEALMA 16°, 7EMIX Elena B3, A
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(a) Mean storm (b) Mean storm
11 kn%hrectlon (303) 11 kn{ilrectlon (305)
8.6 mm/h

5.8 mm/h

12.1 mm/h

10.1 mm/h

12.2 mm/h

12.0 mm/h

13.4 mm/h

13.8 mm/h

8.2 mm/h

4.8 mm/h

39 km 10.7 mm/h

19.3 mm/h
A
24

/2,6
mm/h

14.7 mm/h

9.4 mm/h

12.7 mm/h

\ 9.8
h|

23.1 mm/h

59

111 km

14.7 mm/h

& 10 [A]1& 9, HHK: (a) 05~06 f; (b) 07~09 I}
Fig. 10 Asin Fig. 9, but for (a) 0500 - 0600 UTC, (b) 0700 - 0900 UTC
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Fig. 11

Mean rainfall rate in the four quadrants, relative to the typhoon moving track, for the inner core and outer regions of typhoon

saomei (a) before and (b) after landfall. The numbers outside the largest circle are mean rainfall rates for the total area; the number in the

brackets is the azimuth of the storm moving track; dashed and dotted arrows indicate the azimuths of the maximum rainfall rate in the inner

core and outer regions, respectively
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