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Characteristics of Rainfall for Typhoon
Rainstorm Induced Geological Hazards

Xu Jing! Li Weihua®

(1. National Meteorological Center, Beijing 100081; 2. CMA Public Weather Service Center)

Abstract; Typhoon rainstorm can induce geological hazards such as landslides and debris
flows and cause serious casualties consequently. High-resolution data are essential for high-
resolution geological hazard prediction. Yueqing in Zhejiang Province is selected as the stud-
ied area, which is frequently attacked by typhoons and is seriously influenced by geological
hazards. Geological hazards induced by typhoon No. 0414, No. 0505 and No. 0509 are taken
as samples. Applicability of radar rainfall estimation is assessed for the studied area. Rela-
tions between typhoon rainstorms and geological hazard occurrences are carefully studied by
use of radar-raingauge rainfall estimation. The results show that the radar rainfall estimation
can reflect the characteristics of triggering rainfall of geological hazards in great details. Ty-
phoon induced geological hazards need shorter rainfall duration, smaller effective rainfall,
but higher critical rainfall intensity.

Key Words: typhoon geological hazards radar rainfall estimation critical rainfall intensity

TEHBER): AT (RGO BRI 4235 H (GYHY200706037) Bt 1))
WA HIYI: 20084F 9 A 9 Hs ek HE: 200944 H 3 H



%81 W S, 4 R T % MO 1 T RS AR AT 13

Ell

il

XoF 4 IR 10 G 559 41X, 5 RV R T
e 5| S LR T B3 R A0 37 R A 358 5 e o ¢
T E R R AT, W 2005
49 A 13 H.0513 & XFEH] (TalD 7EF [F
5 VSRR 8 i 5 1) PN i B8 Bl () 3 R v A
VLV P LR 2 ORI L S5l X & T S A
RG0SR LR I e KA TR, H RN it 3k %)
940mm, 3 A% 3000 Z Kb & A7 ¥ ¥ 3 K T
2004 4 0414 38 G K2 38 (Rananim) A # 5t
WEALAEW LR AL 44 AFETZ, 1996 4 7
H 31 H—8 H 1 H,& X Herb 7 &5 fi &
Mk 1315 &b R AT 20 240 Bfl 73 ABE
T7.463 N2 45, P4k ik 10 /23650,

G W & b i £ ER PR A R B
W], th P ARG TR W, LR R AR
3B K RG0S B0 T KA
FroK BN, R LUK R A3 . 4L
JKIE 783 I A s o e e da ), st
Rt RN 5 2 L I 9 5 1) 2% AP AR L S 6 JRUZG 1)
b R 9 A T AR X N 4 B R
R R 58 . O A A AR 5
Mr & AE FEBER A RS W WL AR B i 1Y)
PRIT R 7K 3% 22 0 5 R M) X 6 v 1 3 v 2
LA AR & RGEIIX X P X3 P
Jo R F R il R SR G BT R B 6 AUX
7iya: & A O] GRS S A (TS i N ae | S S
WU £ KUK b 5 ¢ 58 5 0 3 R AR i 4 R
1 BT A 6, TR 5 KUK Hb T 5 5
5 KRBT EA K. XFHHE G KX A R0 & 1)
TN ARECHK 0. 8,1 & KX LA 0.7,

& KRR & XU & b 50 3 v L b B0
T 5 IR SR B R AS ] . X BT 5 A
3 XU (AN ) 2t 50 2% 1 b 5 35 2 s (1]
5 U TR 580 1 887 I O R AR IR R I, R 24K
VAT It & A 7E R T A i /N B e R o

B RT3 Z AT B s e 1 /NS e

A AT I 04 & A nT B B M ik &
Raf TR Ao P AR AE R 78 oA A D58 3 45
H AR PR, JSAT R o A b AR A
NG b B S BE X T BT R T
AN AR AE BB, DIERIIF T 2 R st
AT 14 I 2t ORI Sk A A R R
B T 2 I T A SR (E LR Y R A B K
SRS (X ey A A S A TN
S I P b 5T ¢ T e ) T AR R AT A L
X Z H T 500 7 F 1 e MR A . 3T AR B
& IR AR F RO T AN W HE
I FH TR AR K R o 5t 2 ORI 1 X
I A A R TR R AR O T 56 KR
PRAR T 1L X5 A R UL A AN A2

5 R HIL T T ) R R ARAE R BRI &
LI I 1R AR N R oA T S s ] | R TR 2
RIFIA RN 45, X Bk e i 2l 2 5 W38
i [ s 52 1 J5T T 5 M 7™ B 1) Wi VL SR T T
YRR DI, A SR 3K G TR s T Al
WA, L 0414 & Kz 18,0505 & KU E M
0509 F5 W2 V5 F B B & 1 b JoT 5 3 441
TF 5 B 2 A7k 1626 T A 0 5 38y 1A 11403
FAE DL R 65 IR R At S5 4 3 kA =22 TR ) 9
E

1 HRXER

1.1 B R

WA SR G T AT BOSR & RN T 1 2 A
bk :27°57'34" ~28°32'26"N, 120°47' 05" ~
121°15'19"E,  HuJ¥ J@ i ma % 1L X A i
B I DX, 1 A 7Y v ARG B8 A e v A HE
DIl TG RGOS MR 1056, 6m, i 45 7 Hb
Jo ke ik DA si 2 1) W e v 3l 3 Rk
B. HEAMENKRE FRG EEZH T
2 RGN s KEB 43 b X 4k 2 28 - B
P AT B R R e oK L i B L O HL A2 X



44 =3

Fa3 BT e VRS B2 IR LS B PN AR IR =
AT B R T . B Al 2 3 22 21 1 B
DI e TR H SRR Dy R i
GH RIE M TURKCH N2 R K AE KX

T XS 55 %2 5 MU . A 1950—
2005 AR IIZ X I B XA 0~3 A
4 BRRG KAER 0.5 4, & XY R BT 2
5 RIS DX It 9 1 N R

1.2 ¥t K89 =48 KB L IR R
FRAER

FEBERRIC RN SERE ) 0414 58] 5 X
= F.0505 & RIS FT 0509 & R Vi 1]
SHR 3 T 475 A 1 b B (&1 D HEA TR

F 1T =6 R BB R] L
SR FE DA K M J ¢ TR IR B (O A SC B B
WA RN T S R A SR R . =B K
HC R B BRI IR B8 A K. B R
et XU RN 15 % A R 1 b ¢ T 308 o T K A D
BT Horp s & Koz W0 f R 2o B Y Gk 3

0 5000 10000 m
L1 1

1 IR HUIROUAN &5 05
2V T S T PR 3 S5 9 A

786mm, A 1L R Y M 5 ICE IR F 102 Ak, B
il 44 ASETZ,

R 1 2004—2005 4 BEZIEN R T 19 & W5 A L0 R 3 A TR0

LY 8 it i) i BHERE  IRRANREOKS, mm) R BATREEAR OO
ZAB0414) 210204”%085? Aﬁggg?ﬁ f;{fgfn&ﬁ:ﬂl 786 102 44
HE3:(0505) 21%0;%77:1)2 Eﬁﬁ r:;;‘;i;:;’hi‘il 671 8 2

2 ERBATEHENARKER

AT TR IR IR A A 0 e v 22
)P 3t Tk R UL B 0 SR AL A YA 1) A T
R 111 P A UL B S IR 2 ] A 4
iz FHE W3 AT 7 IR B e i 25 0 B (R R R
Yo BRIERM M AT — U E#RTE L
A A S8 B A B 45 DX KR K 48 A
SR AR MU X T B XU A U | S

U Ao R IR 55 2 B AR Y AR
ﬁﬁ[w 14] .

2.1 FHAHERRE

TR T = 18 C0414) L #E52(0505) (295
(0509) f5 XUE il 31 1] 5 75 JE A0 R B T i
BT — 48 H i85 CINRAD-SA, H R B 5
230km, 73pFEE Ny 1km, R X R LA =
13754 BB LI 2 s, =4 6E X
SUII] L MR E REEARCN 137 14,



%81 W S, 4 R T % MO 1 T RS AR AT 15

S~

28

= HhHIED
! AR

26

B2 o A v R = A £ R AR
BRI R M o A 8 5 TS D

2.2 SRFAFRENLIERESH

HEAMMRRET ZR &R 2 1R
MR ZF TR IA S LR R ARE L
e 2 T S ) 0 M R A8 5 ) A A 36 A
R T 158 22 5 DR I 75 82 F1) ) R 3 S e A
HETE A AL I TR . B EE R AR A
ZR KR ERHEE KRR 2 WA
PEAEAETE A8 43 18 1E 32 L - 359 1 R e K4
B P RERALLE T ROy RS R A
i DI PN /NI R S A A I X 45 B ik
PEATH I ARR 2SR 0 e B, Horp AR e v
SR AN T B O MR 2 B /N — IR ik
ARG UETE 25 JE T RN A I 25 AR 4k, AR A
(R A5 o8 S B 3T I e 5 HR G o O 3T —
. TR EREILAS R AR S AT
TR IS 1 R AR AR A AR TR 5 IR T R
T 11 3 R 5 DA 28 388 SC 1 % 3 O A1
PEATREIE - TS 3] FL AR 1 110 245

ARG H T =45 X
Bl G AR AR T L O R B S A . B
DAz SR ) e 36 TR 2 4 AT R SR I PE AL
KT 500mm. A 5 YRR B 00 o
(58656) i FARIE FE - id B BRI I Ed % A
£ 357, 9mm, JLIR 5 KM BT K FE 2, T8
SERTE R TP AR AL T R RE 400mm

PAE A XA o

3 WU SELE R T B 9 P T T AR vh e
TR R RS AR DU S —aff
ST FE R T 1000mm. [ R e AL T &
i 1500, YLt e 00 W £ 608mm. i T
HE DX el ity B 2H A7 A0 gy 2 LA /N T B R
DX UK £ IR R 3 A 114 3 Jo o 3 2 ] A
PTENEIE.

EVAR A Sauiih it = ey iy T
A X R T AE 350 ~ 550mm Z ],
HT T TP K 65 DX R 3 ) i T
Z WX AR 2 A TG E I RBEAIE A3 AR K
Ja B ESEATEE L “ V57 5 | A ) LI
TR BRI R LA W) S v
JEA A3 7

3 MIREREBFRMBERERETR RS

s UK T B R AR T B R
M5 T P ek T 5 B R R RS I 1] R 2
TR R0 55 AR AN (7] £ 3t s B 05 22 K
FFAE 9 B LA [ R 2R B (A
Al VP2 R SR SOX e SR 2 (8] 15 2
B S It J0 9 3 fih Bt P B TR AIE -1

31 WmEEAH

Xt — BE S T 5+ S A 0 2 e
ARBLAN ST KR R E . AE
5 G SV 4 5 B AR R iR s e de
5 LS KR R I S TS | A LR
WP o 5 — PR R BT AR Ly T
R Sy il . 5 WA S BUNY R )Z
VB3 5 A R K 5 A W S LA A ) » e 24T
BB B,

NI | [ g =
[E1] » 5 375 TR R 0t (58656) A RITAIZ% H F46 F J)
KA s =R G R R R ARG e 1 K A I
] R AT 15 KOFJCW R . B =1k
15 IXUIE B F) L K T 5 2 1 5 DX e T L
Y



46 =3

% 5 35 4%

3.2 WMRREFREM G

iSRSk B AR A [ el k- J
F/NE B KRR A (B TR o Xl =B X
5o 5 T 175 A RS iff & A B T) S 28 b o
5 B R TR R BE o e T A i S BT TR R
TR L% fie 2 b o i 367 Bsf 1) B2 1R T 1Y)
DA TEL IR M < S = D N7y 3
M I FE 80 Y0 LA b AR JE W fH RN = 1~ 3h,
VG 2 Elks Al A B Ve A R & A7
RN 5 H B B . 5 0 i e TRD ) K
A J5T T8 A RS AT G, i I B ) G L 5|
R FE B . & Wi A e A
TR & L AE R I RS i) () 7E 32~46h Z [,
FEERE N BRI E] 32~ 35h, BRI FE R A
A50mm 2 47, fil K /N B W A R AR FE 9 ~
l4mm Z [A], f K 58 78 3 AR 7E 32 ~ 53
mm * h™ ' Z[H],

3.3 SREMF LM REREFALT

N 58— B 3 I 5 o T e B T 4
A% 9 % W 119 A 0 B[] 5 30 8 2% R Oy il X
R T 22 AR A e 5 LSRR R
LEHRRKR, MX T EZ 0 R %
A O AR T TP 7 N e o P R
X BT BT I PR RN R LR )R] LS
PR e R T 5 A PR o . BT 22 4
5 T B 220 A2 1) b J5 0 56 A B ) R 5 R
P HFLE AT (] 248 DR I 4 2 ¢ 3 & A= s iy
s [E) 5 - 227 TR 568 A2 48 BT T o ok LA A RN Hp 42
s 1) 5 e K TR 88 A2 i 8 L IO 9 5 % A i )
R/INBSFRR B o T I A R e ) b o o 3 A
I ) /NS I T R

(1) M5 9 FEAREL S B R 1) OC &

Bl 3a 25 T =6 W], SR 30 Hi X
JLRFANEE BITWRZ AR, T LA
bl E B RCSR T , E AN .
FERFEAR 107 A A 98 AN IAE BRI TR RN
400mm DA I+, 24 Rt &K #] 450mm P
B M T K R, 5 BT A K EN

85%.,

B IR KRR 9 FH K R AR B Ok &
(JEl 3b) R 5 XURF TR 19 4 5 0T b B R
A EORK R ARE T 30mm « h L A BT
A UCE A, 90% DL E B TE 40
mm « h AT SR DL b Bl I R R,

50
451 @

401

351
230
#2025 ¢
Kool

15+

10f

! |

0 \V_\\V_\\V_\\’—‘\ L L

0 200 250 300 350 400 450 500 550
ZiF iR/ mm

30

(b)
25¢

20 -

<_
15 ¢
X

10
40 45 50 55

5 | H
L
30 35
Wis%/mm - h!

B3 ARBRIIR S Rit
CIIOVETEN IOITES S

(2) TR BT A R 45 22 1 18] 7Y

Pl 380 RS e 060 £ 5 2R S e T /K
AB R BRALZ MR R g
73R BT S0 R ] 2 ] 5
R AR R S Sl 55 U A 0 1 2T
B 0 3 3 Sl 57 R R N ] B 5C R ok
A 3 [ 1H 42 Ll 5 M DX A P A I O ik & 2%
7

TSI BRI LE 1 A M 9 3 v R T
R FEF-XT R 58 15 R I 1] 9 56 2R B TR
I 2 I [ Py 6 230 i T L B




e R A T 78 5 Ml R e 2 B T AR R A 43T 47

1) BUATEAR FRAEA IS OLT s B TREM A
ML, il B AR A 2= K. Bl 4a
25 th 15 XU R T R 175 b T o 3 )T 25 O
FIFE RN RFLEIT (8] Z B 56 2R, 0] DL H L RN
FEEL I )R | BT 2 ) T34 TR N
FIH ZA G KGR TS & B AR 0 5%
TP T R L FNFE TN REHS D, BOF- X
SERFIREI OC R 1Y BREEAT (B9, 15 2B 5T X
35 R S b Jo 9 3 118) - 34 T 8 R R 82 s ]
KFEA:
I.. = 368.0D "% (D
[l 05 9 (B 7 R (1) Rl B 5
BT P ST RN I R TR 2 M B e
A1 U P 20 T 5 8 R AR S e R] 179 G R AH L
(E 4a) s i iRIE B 5 G WG| & it
PFE I A4S B BT BRI SR A R TR O
R & Ab) AT UL 7[RI RE B T R 2 B[]
LR SR DX N 5 XU R W 175 b ot 4 5
T R R X LR 5 X 5 B R
FTES b 5 K R Z—

80 (4) o St ]
60 - — 1.1=368.0D " (i bIx]
T [ —— 2./=115.47D" ]
= 40 —-3:1=176.4D
é o 4:0=33.27D 0
£ 20 ¢ ——5:1=14.82D 07 ¢
< ool - - 6:1=20. 1D
B oL k.
B 8F4.
® 6—42\;‘; e
B 4: - ji\“\é\;—;\
2L
1 | | | | | | Lo
10 20 30 40 50 60 70 8090100

R F HR LR ]/ h
35 T
_ 30 (b> * ﬂi’,rﬁ%%,\ |
=] |
- 25 v
g |
a -
£ 20 | R
o - ¢ o
i b 1 “TEH
*
BElO0-—————= T
5 I
0 L
0 100 200 300 400 500 600
ZEE/mm

4 VIR BRI ] () F0
I S T 58 5 R TR (b) AR

T3HN A S BT I 1) i FE T i R 2R
TSI R A el LA . 6 K5
R G H A E 4y A AR I SR e 10 ~ 20
mm -« h ' Z 6], 23 W& 400 ~500mm Z
() 07 FE XA DX () ) Ml o 9 3 A Bl
FH)90%0 . T 5 KURE T 5 & HiL R U S 1 A
/NG 10mm « h™' e/ B R &
A 240mm,

4 INEFNTTIR

B XA A7 5 KU (AW LR SRS T
5T E R L I R A W R T RAE Y
FE AL N 543 A7, X 5T 3 5 ik B T 1Y
KRBT THIRB T FLEEBWT

(D K BBA N R E A TR 2
TG RGO 2 5T 9 3 Y R R AR
O3 » S-SR BH , T 5 ik 00 546 R A -l e e T
B KU I RS AL ARAE 58 i B Ak I i 28
1 R A S B R R B i 5 » Rl Bsf
REAS A 1 S5 Bt J5 5 i RN R ARPAE

(2) X X UK 0414 6 Ko
18,0505 5 XUk F1 0509 5 X7 74588 B TR
5 R TR AR 3 B e B L b o K R A
HTHH 15 RN ToI B RN, B =k & R il
) 10T K 58 402 i KSR R T ELHE 1 K .
A5 DX 1l 9 353 I T e KRR 58 1~3h,

(3) JE G EHE S T 5 X A KUt
R ER WM BTN ENCR. 55
528 I TR 5 XUk 5T 9 3 AR B, ST Xk 5
DRGSR 26 T 175 e i IO 9 i R K T 3
58 15 XU b BT T 1) B /N I A R R R K
F 10mm « h ', 5/ B &E N 240mm.

T AR IR, IR A W R Tl TR
WZE A A — 8 B IR 22 TR Rk FH WA
WWETT s s — T 5 S AFAE /N TR AR 5 KRR
PR RGP E IR 2Z . BT 305 9 35 A5 A AL
A A T T S5 o 3 AR i 22 XoF 15 4 b Jo K %
EONE RS 1% i b Al R A T 1 P/ = R ]
AR S A RN HE AR T & — P a] 47 A8 9



48

£
U

%

%35 %

D URZE 5 VR ARSI T 0 Jo 9 T 4
T DX R R LI G T B 2 A A, AT
PR T il A R A T i e R
BERTE . X5 IO AE T — 2 T
VEARYREERA

S 30k

(1]

(2]

(3]

(4]

(5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

Lin M. L. and Jeng F. S. Characteristics of hazards
induced by extremely heavy rainfall in Central Tai-
wan-Typhoon Herb [ ] ].
2000, 58: 191-207.

Dai, F. C., Lee, C. F. and Wang, S. J. Charac-
terization of rainfall-induced landslides[ ] ]. Int. J.
Remote Sensing, 2003, 24. 4817-4834.

MER . 50, BEE. Wivias o kv b s g &
PR RGO E (P S5 R T 9 K ]
o 0TI ARG TR BUE R SCAE (2004), b
AU AG AL, 2004:125-126.

S, XUALST, BT, SE. WTILAE T K
LR RERREDT )] SR 4, 2003,
22(4).

Behbe . dREESE . FRHAE, A BT Web-GIS B#T
VLA M BT L U R R gL ] kS0
R T AT, 2003, 3:19-22.

Chen, C. Y., Chen, T. C., Yu, F. C., et al

Rainfall duration and debris-flow initiated studies

Engineering Geology.,

for real-time monitoring[ J |. Environmental Geolo-
gy, 2005, 47, 715-724.

FRIETG. LRSI RAR SHREWL] . <
%, 1991,17(1): 43-47.

AU, 5 R U6 A1 I I 1 D )1 235 b R 2 R 5 R )
Fr)]. <4, 2002,28(8): 30-33.

HIUE, XNty BN, 45 R TV S FEoK
FRES AT ] A4, 2004,30(1); 13-15,

EHTR, PR, MW, S Bt » 317k R A
FICEBH AR, 4, 2004,30(10) ¢ 43-46.
Westen, C. J. van and Daag, A. S. Analyzing the
relation between rainfall characteristics and lahar ac-
tivity at Mount Pinatubo, Philippines[]J]. Earth
Surf. Process. Landforms, 2005, 30; 1663-1674.
R, BRI, AT, S5 NH 28 T S AE
it & WU R BRI L) ). A4, 2008, 34
(5): 64-74.

FAREE, BEARE, HESEEt, A MSCIEERIA SOE M
YifE & KU AT R I R4, 2007, 33
(1): 38-44.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

By, WFLL. 9914 BB KM E K YR ST
[J]. K&, 2001, 27(7); 41-44.

KRS BUBRAY, (LAETY . SF JHAE S Or e RERL
TR ST TR0 2 DX AR e Y e AR D 3RIORS 2 (.
KAEFF, 1992, 16(2); 248-256.

Caine N. The rainfall intensity: duration control of
shallow landslides and debris flows [ J]. Geogr.
Ann. A. Phys. Geogr. . 1980, 62(1/2). 23-27.
Cannon S H and Ellen S D. Rainfall conditions for
abundant debris avalanches San Francisco Bay re-
gion, California[ J]. California Geology, 1985, 38
(12): 267-272.

Wieczorek G F. Effect of rainfall intensity and dura-
tion on debris flows in central Santa Cruz
Mountains, California[ J]. Engineering Geology,
1987, 7. 93-104.

Keefer D K, Wilson R C. Mark R K. et al. Real-
time landslide warning during heavy rainfall [ ] ].
Science, 1987, 238. 921-925.

Rainfall thresholds for

triggering soil slips and debris flow[ P]. In; Pro-

Crosta G and Frattini P.

ceedings of the 2nd Plinius International Conference
on Mediterranean Storms, Siena, Italy, 2002.
Brand E W, Premchitt J and Phillipson H B. Rela-
tionship between rainfall and landslides in Hong
Kong[P]. In; Proc. 4th Int. Symp. On Land-
slides, Toronto, Ontario. BiTech Publishers, Van-
couver, Canada, 1984, 377-384.

Campbell R H. Soil slips, debris flows, and rain-
storms in the Santa Monica Mountains and vicinity,
Southern California[ R]. U. S. Geological Survey
Professional Paper 851, 1975, 1-20.

Guadagno F M. Debris flows in the Campanian volcani-
clastic soils (Southern Ttaly) [P]. In; Chandler RJ
(ed. ) Proceedings of international conference on slope
stability engineering, Isle of Wight, UK. 1991, 109-
114.

Ceriain M, Lauzi S and Padovan N. Rainfalls and
landslides in the Alpine area of Lombardia region,
central Alps, Italy[P]. In: Proceedings of inter-
praevent, Bran, Switzerland. band 2, 1992, 9-20.
Calcaterra D, Parise M, Palma B et al. The influ-
ence of meteoric events in triggering shallow land-
slides in pyroclastic deposits of Campania, Italy[P].
In: Proceedings 8th international symposium on

landslides, Cardiff, 2000, 209-214.



