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The Study of High-resolution Hydrological Disaster Warning Model
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Abstract

Taiwan is prone to hillslope disasters in mountain areas because of its special
topographical, geological, and hydrological conditions. During typhoons and rainstorms,
severe shallow landslides frequently occur. Hence, highly precise landslide prediction is
an important method in practice. The SIMTOP model based on infinite-slope model and
TOPMODEL was developed. The upsteam areas of Xin-Dian river basin and server
Typhoon events were selected for the simulation of SIMTOP model. Theree indexes
including the probability of landslide detection, false alarm ratio, and threat score (TS)
were adopted to assess the performance of SIMTOP model. The results indicate that
SIMTOP model are good agreement with the landslide records.

Keywords : Landslide model, TOPMODEL, Infinite —slope model,



108 & &

— \‘é'f"g
2015 % 87 Frid ¥ H b iﬁ‘]%frf&-/-g‘— P C AR Aar i B R % AL (3)7 £

o RAFER FETIBT F - d WRUF ~ R G S ATRE FSe e L4
FERLH ~ R R RE U R R RARRE 0 H P g 597 10.2k ) #
BBk HH#E S AER Y ¥R AR f%* £ UHEESBE D Tl BUEROKE RALEE K
FF AL ? 0 RERT S oA B RELRER o

oA IR & S R dp k;:"fg’ 4 2 ,J\Q NEAIEV I O o G S 2
7] » 4rCampbell (1975)27Ellen (1988)* 2 % . » F Z i X RixF 4 1 B 5 26~45R 2.
B oBrE(1992) &=k & 2 2522 I‘ﬁ(1987)*‘ FRP ED L ’:MFDLE RN S e
B 710~25% ~10~20% 2 17~23R% % & od >t F I 7L 2 » %1735 Caine
(1980) s -+ A & g 4 3 LR A i B R w %ﬁr} SRR =N S 4 k)
TR g pE 2 SRR pUng 4 2§ B 1% - Cannon and Ellen (1985) ¢ Wieczorek
et al. (1987)f* Apfeen=> 2 > A A E R4V S BTl A4 IR EE R 2 B
% o Keefer (1987)41 * Caine (1980), Cannon and Ellen (1985) % Wieczoreck et al. (1987)++
ez T TR G R E R U E 2 gL 2R R iR o e
BE(001) M EE SAB FEEAFAF HFEHE KRR R 2B R T
/n?4%%%aaxﬁm%L%HM(mwﬁw+’=§w#g@ﬁ%i;~a¢$g@
A F7 0 £ 12001 TR R F TS HN K B 0 @ (8 3E * 2004-F SUE IR R A B
Blided AP EFET R RS R BR GG TG o X RS INFLHED
AdF2 L HIAEPIE R o

I PRI ERBFET R

B A T2 S AN ER VT LH R LT F A BR o et Lk ff@?
AAPFEE (IFIWRFE Y 2 BRI P AR EREEFE SR oY
EF M EIR G o Flpt o 3T RE e XTIFRIBG 2 PR RFHE 2 ke sz
BooiE Gk %ﬁd PHBE L HGE k> BRI PEFEFE2 > nEFde KT A
17 (Montgomery and Dietrich 1994; Wu and Slide 1995) -

Ho and Lee (2017)% & SIMTOP #-5" (Shallow landslide prediction based on Infinite
slope Model and TOPMODEL):& {7 & & =# 3% Jfg_%g PR R OR TR AR L B
KiE e & > kg ;ﬁt“ TRRIATREFFE LR A g d#2 RS>
_%i o

AF 7t FHoand Lee (2017) #74 B & 4~ 3L HE2 H g # 3% 4 452 % (SIMTOP H°
) TR ﬁ, i el o u;r&rsfs_‘\f Py BH R o AT L B BB B ARBC
R R B R R 2 B B B A4 ity (TOPMODEL) 7 ikt ™ & ) 7 -
&@%i%@ﬁ¢c§w’mwwghﬂyﬁaﬁ%Aﬁﬁﬁ’uWﬂ%#%ﬂ?ﬁw
BATRES PRS2 g HE PSR



108 = &

2.1 SIMTOP $ 327 # 3% 5%
LA TR £k v A R
Fok B A fook 2 R FUAERIE R R A %”‘i’iﬁ;%ﬁifﬁ@ o EIUFH A
7 R 2 BEG T A A o T 52 AR
E oo FlE R M Bord A HBER ¥R H R R RE TR Fl# g2k iE
BECESA € U

AFT T ATH L G B AL T B “0k4R * Sharma and Nakagawa
Qm@71é’u&“@uﬁﬂéﬂ%iﬁﬁ’?kﬁﬁﬂﬁzﬁﬁﬁ%ﬁ#gL%\
PR TRBIFE-RGTE 7RI M2F L7407

m

b
GERERE e L PR SN

d 3B E GRS R R E S X R > R ETRE TR B

REIRE LR #ELE KRR R EE I B REEEE RERFAPT 2FF £35

FROAE KR TOF 2 ARETEE R L SRF L LT
18 C, +gcos’ B, (psD pwhw +p,hg )tan¢

FS(t)=—
®) N ; gsinﬁj Cosﬂj (psDj +'0thj)

1)

Ao FS g knaion 2l NS B kRimd. d (DAT oo BokHTI0% 2 0

Hez PR RO E e o kR B A LURR A R F Bk R T0% » i FS =1
PE o T4 g2 BRde 4 BOATIEF S > LPEFER R RHE G BRSTTRA AR o ¥ 2 BT > i



108 & &

s

FS<lpg, ot gz spdod <20 jniFs LB kP 8¢ A2 K #3022 JETHA o
Fooo g POl wape wpmee s v o e R g RN o 2
R AR T 2 RE Y SRR KM AL R BEE TR
BRSBTS AP B AR T IR B B A RE e ek R R RIT Y T
SR S =

(\x,

a

i ‘&\*

Py

WHE - REE
rs - C+(p.D—p,h,)gcos’ ftang — & i+(p,fop,lv,.,)gcos2ﬂtan¢
= - S = - /In
ps9Dsin Bcos B Py £.8D sin B cos B
M2 = Bk b B AL A
2.2 %2

o SIMTOPRER $H & 8082 ¥ AR 7 7R R R T
g IR A ETAE AN L BT 0 FAELT A S w0 A6 5 R/

D

7 FE R (hits)~7 #3% /& ?E/P (misses)~ & 3% /5 3¢ 7| (false alarms)~ & = 3% /& 3f /F‘ (no
A B asgi s o 25 ¥ iR 5 (Probability of Detection,

B

events) (4o 1977 )
POD) ~ 3#3F & (False Alarm Ratio, FAR) 4 2 5f ¢ {8 4 (Threat Score, TS) % = f:=f 45 # -

Ilﬁp:uSlMTOP%ﬁ—'\ 7 1& H :}i o
%1 FAELd

& 4 = 3% 483
3% I AR EE TR
B (Hits) (Misses)
ST &[G TR PRy

(False alarms) (No events)




108 = &

S EBEART LT

1A Bk RS
aﬁmm&saﬂmﬁwﬁﬁwiﬁfﬂ%ﬁﬁ%%%‘**ﬁﬁ“9“m2waﬁi

Bedf e B A3 2R E o A B PONATR LY PR 5 BULINE S o RIBATT

M og BRI B ﬂﬁ’f@ﬁ—m/ﬁlm 2 - 2R N450 T o FUELREE SRR S B IVE

L RWESRSEE AR WL%‘L, EIRATADRTEH o BB FATAD B
KEBEATRE B - fIRA 0 NG 9332 3 28 o g FULRR T IS 29 5 870
ONEINE - 73,12210 3 ,:Lbfi)i‘ﬁo%z 2REETHENFZFLRTER
N R ﬁi.)é]( SHERECRFRE) CEEFER AT ETILEY
H)~ i34 ;l:gf-( ,,:;l\F’?z»\wﬁ#&:‘)‘i—iﬁ}%ﬁﬁ*%f’ﬁ»‘ﬁﬁﬁ]"t””i"’ﬁi:ﬁ"
ipiam%ﬁﬁm P FUEIT B L AR BT R e FRER P R
gﬁﬁ%im%m¢vxkv\h@\4hf?*$m REFTH - P B T
* B E B ﬁ}_ﬁ_—\\bﬂ/;}ﬂgqg_}\zxg{m 2 BN B0 2 R A T e

A

) i 2
LA L
- Bk

[ +4%e

RI3 AT L e $UE0R 8 £ 0R10.2K iﬁ% K w

FrrdEa R e TR RS R 3 F LB 2 4§Ju(3)\"ﬁiv\ﬁ?
AT R BA R PR RLEETA R A8 5 S A LF R
BT A AT o b LR R 2 % B g6 e BlA R



108 & &
. _J-_&m.'&

iy

‘.
bt

A HEs
w3k

3
km

W4 6 LR kw2 B 5B f

RN ER ,ﬁ&#** #ﬂ@i@mﬁﬁ%m’gw%mmmﬂmwm\
87/10/04 ~ 89/08/22% w M w Hr=x » B (7] PRI & 2 "8 A iR HEA T o B A F AT 4t
B2 gR* LA F fexbehp 2O T I0R R&’@%%%ﬁﬁ$Uﬁ$%¢&i¢ﬁ

EBEACE o @ B I it Y Tske ok IR R R BRI BRI §4RT R
L ed s AT a ] R 5——?1,' ) P RPEEES A B Y A iR
o FERL T Ao R IRER 0B g Flepfoo R iR & AE TSR 0 @
BEFNRBL - ZELILRE ﬁ_‘iffh‘q/#pg{ﬁ—} RN E B o Fl ALrap
CETOREF P R R AR AR AR R 0 P R RS ORE B W - X L T
%ﬁ¢%§§’;i%ﬁﬂ#$7£%@ﬁ¢t%§’ﬁ»%w%ﬁim;aﬂwmﬁ
MEE P R ER RS- P 2R o

32 prid BB h RIHHIRA KT

%ﬁ%*ﬁﬁﬁ%*’;wtﬁp %dﬂﬂﬁméﬁﬁﬁﬁbﬁsﬁpwﬁAmGS%@
Tk sk P B2 ArcHydrofit e g 4 s H ki Y A3 Bk R ER (LT B RF G #
Jarlkmd) e d AR ET A 3 FUEIAB T mA S672B 3 Bk R AN S KRR
$3‘5%3‘?i3‘%?g‘ﬁ¢?’Ui%@%ﬂLQ,ﬁﬂ%%ag@g\%
K2~ EH2 - BF2 v AFLT 5P It A FLI08E 2L 2 b AL 2 R b
ERG PR TS R ERIE o T M B3 e d 247 % T o # 3% 6 4 377,955
T s BEN23THF BT TP I R Bk B REAELQG) Y XL s S
FT 2R BRI EFRETEETHOIFTEEIE LT E it g B 2R
%’”ﬁmﬁﬁﬁ>'ihfé-+%L&\ﬁ%ﬂ§:°ﬁw?”ipiwﬁﬁ
SIMTOPH-A i 17 T 40% > talicz Wkt £ 3 Bk T T39% > Aik=lps » 71 j2 S5
4 EA RS 5 LR R FHE G RESTTRR R o F 2 T > Gz <1pF s T W2 5



108 & &

B AT o N ERRR Y A R HRL AR F 20 §F 2ol
PR W 2 TR SR 4 TR S o R LR R AR -

Fp YR s BUE RIS 2 XK M RSP o W BIBATE 0 AT e R
EEFERRT A L A (1) 4T HEBEERT ERIHIY 2 F Bk E 1914 (2)
% 4F HIATRIRFRI(Miss)% & F Bk ® 530k () &4 H/AER R (False
alarm)s ¢ + Bk % %29/~ (4) 4 m #3557 p & 95 RI(No events) & ¢ =+ Bk % % 406
Feeo 358 ¥ i p] 5 (POD) 5 0.864 5 3+ 8 348 F (FAR) 3 0.132 5 1 2 3+ B 3g ¢ 18 4 (TS) &
0764 @ & A FLicZ ~FhT - 2%2 252 4L T > NEZFMERSH LI A
S e & 20757 o AL AR O B SIMTOP A 335 37 8050 2 s & 2 338 e g

”Ap

> -

0 1.25 2.5 5

.'5{‘\ I
7 e " ﬁ&%‘%‘

< e W
/£ ey
N . 2N SV e ) S

@ EEE
A RS,
— L AFBRER
— &

HA iR

No evemt

Hit

Fasle alarm
Miss

DI SUE 2 MR AR N S

%2597 M102K F i Bk TNk M ERINTE S S

[y

Misses  Noevents Hits Falsealarms POD FAR TS

ERFLIST 4 21 4 4 0.500 0.500 0.333
FRERE R 1 7 14 0 0.933 0.000 0.933
FRER R 1 40 32 3 0.970 0.086 0.889
FREFRD 5 119 56 5 0.918 0.082 0.848




108 & &

Kk FAm L 2 19 250 83 17 0.814 0.170  0.697
R RS LE 0 3 2 0 1.000 0.000 1.000
% 30 440 191 29 0.864 0.132 0.764

T BEAEH

AFTZEATRE 2 s BB R R MBI ERS S P AR Mt RS Y
LEREFAPRE 2R ﬁﬁ°ﬂ“%%?@?$%%’*%%#%%ﬁ%%i&ﬁﬁ
PERE o AE RAT T ALY STEEFZ % 7 A itdeT
(1) #HRSP L > e FUE2B N K #8277 #7% ESIMTOPR & #3558
B o f e % & 3 B e Bdp 12> ¢ 1 p) 5 (POD) 5 0.864 - 33 5 (FAR) 5 0.132
v & FE YR A (TS) % 0.764 -

(2) ﬂx;ﬂ’“ SEAUEH T T ﬂljﬁg,:ﬁ_}k P IE R BRI R ML ﬁfﬁ_

FOOTAEE Bk E R A Tar Y R E A R R ook 2 3}2'“ R ok E D

T3o% > Gl j oot A 2 E A PRt A B R EPFTRA ¥ R Wt

WERFARY B FEET 2 Bk ER L

() 44 .,97 102K #H B k% 20600 B* XA KI9# 1 107& Hp fF el 47 3 K 1L 47

R E RE(s > SIMTOPHE 2o % & # 3% L 3+ i jp| 5 (POD) % 1.00; 3#4% & (FAR) % 0.25

PR GE R A (TS) A 0750 £ 7 A HSF LB IERIZ % -

34 2

Lo~ RIVE SRR R F AL BBy~ 3 A5 (2019) FETHR ¢ N
i) TREEAEHRCR K MMIFE R TL o S8k 67(2) 0 9-20

2. i~ X P (2001)0 - BGEG P ARTFIFE H AR SR MM G o ¢ E
kA EAFF IR > 32(3) 0 227-234 -

3. W&~ RE A (1992) FTAAEY 2R LE LT P EL DT IR
FHIF > 23(2) » 109-122 -

L ERR M ER(L987 ) E F BT 2T o ¥ Bk Y R4FE 4R 18(2)0 76-92 -

5. Aplp, Takara, K., Yamashiki, Y., Sassa, K., Ibrahim, A. B., Fukuoka H. (2010). A
distributed hydrological-geotechnical model using satellite-derived rainfall estimates for
shallow landslide prediction system at a catchment scale. Landslides, 7, 237-258.
Beven, K. J. (1997). TOPMODEL.: a critique, Hydrological Processes, 11, 1069-1085.
Caine, N. (1980). The rainfall intensity: duration control of shallow landslides and
debris flows. Geografiska Annaler. Series A. Physical Geography, 23-27.

8. Campbell, R. H. (1975). Soil slips, debris flow, and rainstorms in the Santa Monica
Mountain and vicinity, Southern California. U. S. Geological Survey Professional Paper,
851.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

108 & &

Cannon, S. H. & Ellen, S. (1985). Rainfall conditions for abundant debris avalanches.
San Francisco Bay Region, California. California Geology, 38, 267-272.

Casadei, M., Dietrich W. E., Miller, N. L. (2003). Testing a model for predicting the
time and location of shallow landslide initiation in soil-mantled landscapes. Earth
Surface Processed and landforms, 28, 925-950.

Chiang, S. H. & Chang, K. T. (2009). Application of radar data to modeling
rainfall-induced landslides. Geomorphology, 103, 299-3009.

Ellen, S. D. & Wieczorek, G. K. (1988). Landslides, floods, and marine effects of the
storm of January 3-5, 1982, in the San Francisco Bay Region, California. U. S.
Geological Survey Professional Paper, 1434.

Ho, J.-Y,, Lee, KT, Chang, T-C, Wang, Z.-Y., Liao, Y.-H. (2012). Influences of spatial
distribution of soil thickness on shallow landslide prediction. Engineering Geology, 124,
38-46.

Ho, J. Y. & Lee, K. T. (2017). Performance evaluation of a physically based model for
shallow landslide prediction. Landslides, 14(3), 961-980.

Hong, Y., Adler, R., Huffman, G. (2006). Evaluation of the potential of NASA
multi-satellite precipitation analysis in global landslide hazard assessment. Geophysical
Research Letters, 33(22), L22402.

Iverson, R. M. (2000). Landslide triggering by rain infiltration. Water Resour. Res.,
36(7), 1897-1910.

Keefer, D. K., Wilson, R. C., Mark, R. K., Brabb, E. E., Brown, W. M., Ellen, S. D.,
Harp, E. L., Wieczorek, G. F., Alger, C. S., Zatkin, R. S. (1987). Real time landslide
warning during heavy rainfall. Science, 238, 921-925.

Lee, C.-T., Huang, C. C,, Lee, J. F, Pan, K. L., Lin, M. L., Dong, J. J. (2008). Statistical
approach to storm event-induced landslide susceptibility. Natural Hazard and Earth
System Sciences, 8, 941-960.

Lee, K. T., & Ho, J. Y. (2009). Prediction of landslide occurrence based on
slope-instability analysis and hydrological model simulation. Journal of Hydrology,
375(3), 489-497.

Montgomery, D. R. & Dietrich, W. E. (1994). A physically based model for the
topographic control on shallow landsliding,” Water Resour. Res., 30(4), 1153-1171.
Skempton, A. W. & Delory F. A. (1957). Stability of natural slopes in London clay.
ASCE, 2, 378-381.

Wu, W. & Sidle, R. (1995). A distributed slope stability model for steep forested basins.
Water Resour. Res., 31, 2097-2110.

Zizioli, D., Meisina, C., Valentino, R., Montrasio, L. (2013). Comparison between
different approaches to modeling shallow landslide susceptibility: a case history in
Oltrepo Pavese Northern Italy. Natural Hazards and Earth System Sciences, 13,
559-573.



108 & &

AR RS
1.4 % # 7% word
2HH Bt 8T A5 IST(F WA~ 542 ) -
SRFRFFPEIEL - /
A4t PR L -4 Lfidoc, # iR -3t AL pdf



	一、前言
	二、研究地區與研究方法
	2.1 SIMTOP 物理型崩塌模式
	2.2 評估方法

	三、崩塌模式應用與分析
	3.1研究集水區概述
	3.2蘇迪勒颱風崩塌模擬與驗證

	四、結論與建議
	參考文獻

