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and landslide in Xiaolin Village
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ABSTRACT

Hsien-Du-Shan, which located at the northeastern Xiaolin Village, collapsed during the hit of
Typhoon Morakot in 2009. Many roads were completely damaged and about 500 residents were
buried alive in the landslide. Previous studies found that the landslide occurred due to a long duration
and high intensity rainfall couple with the property of fragile geology. However, the areas which are
adjacent to the landslide and without failure also have the same situation. This means that there still
exist some key factors which affect this disaster. This study provides a new evidence to explain the
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reason why Xiaolin Village destroyed by the typhoon event. Before the disaster, the road density
which is up to 4.21 km/km? in the failure areas is higher than without failure area. This shows that the
landslide would be occurred easily by high road density. The composite index of Normalized
Difference Vegetation Index (NDVI) and Terrain Wetness Index (TWI) was extracted along the road
with a buffer width of 40m to indicate the road vulnerability and potential landslide. There occupied a
high ratio of area which has the characteristics of large mean and low standard deviation of NDVI,
this shows that a deep soil depth it might be. In addition, some sites with higher TWI along the roads
depicts that several small gullies have developed at the downslope, which are vulnerable to high
potential of landslide. It is presumably that during high return period rainfall events, the excessive
drainage water could overflow the road side ditches at the sharp curve, which is likely to erode the
slope toe and causes slope failure. Hence, the road development is one of the key factors which
contribute to the catastrophic disaster of Xiaolin Village.

(Keywords : Landslide, Normalized Difference Vegetation Index, Topographic Wetness Index)
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Table 1 Information of the geospatial data

HA Raiii| &t
¥ &
EZ FENTEE IR
TWI
DEM 2003 5mx5m  NEGR
Paxil
2008.12.21 el AN
e 2009.5.9 BRZE NDVI
20mx20m
-2 BT FER A
JELSE AT Bty
i
Eig 2006 T T
T e
FeAT
Lt
e 14 B NDVI
2008 1/5000
FIF e . w1
b |

2 2 NDVI S5 S e 72 27 st B R 14
Table 2 Land cover characteristics of mean and
standard deviation NDVI

NDVI R

_ SRR - MERAE S B

;zii 5 BTN - T 5
I -

s OB BB ERR

oy, HETERPRCN S
bt -

gy, ORISR B

oy, OBV SR
EER(LA - HA R -

s MEERWPRTEUE AT

g, R KU RS

HEM A -

(BRI « 5RagRk > 2013)

1291

PRIAAE ~ BETAN

LT A PR B A BRER RE ( Z SRa T

3.2 # R

I VR 1§ f5 B¢ (Topographic Wetness
Index,_TWI) » sz {5 8GR TEEORIEEL » &
I PR BERY I - HRENE R 2R
ANBERK » HIEEaKER(K  HKMR
5 SRR - HOSR R HARE
(I IR R RS R R > /KBS A SIS IR & >
H e KEMEEE » AP - i
RSB AT

e

R e KE AR A 2 K&
7 o

0 GEEHUE

WK EZAHMMAE TR E) > 210
LR ESHRK R s 0 - S K
HAEEKERSHYNEEAR  EH
TEAVHTES A m N IKERRE  ATER
M REIER A B AR S LI UERE
o EETTE R S AR © S5— i 0 i
/JIL/\/ 21 RIS TSR S

BRI - TIRERKER TS » BRI
PRI TIEZ 2 R E s -

3 HEEEEEE
PRy — PN B R R
BERE(EREERE HHIER) -

s AR RS (km)

D BR R 2
Gz obe AR (km/km’)



TK TR 2SR 47 (1): 1287-1296 (2015)

Journal of Soil and Water Conservation, 47 (1): 1287-1296 (2015)

BEAEE

ZEH8 NDVI I3Af ~ TWIE 3t ROABE 4R
HESS R S RN TERET - SRR L
A ZF RS - WIS AR Ee, -
REACRRAL LU R RS > FRIREERA - D
Bl AU RS - ORI Ry AR AR
BEZHET - HERERIEAIRS > R
TSR KIUE - ATERAUZ NIELE R By
o] - ETEAREEITERGS Rk - DU R1& %
HEEEHESH -

1. NDVI 5585347

NDVI £%F Ar$AT 2008 4 12 H 21 H (%2
Z2) ¢ 2009 A5 F 9 H (RZR)E /BT e &
STz 2B - ERCEE AR
15 -8 5 K5 NDVI SE5E ([ 3) R fete 7= (&
AFETEBRBE - KiBR 2 For o EI9ER
KA NG > HH AR R
PRIA > AR Z fRoKE LB BT
H A BREEOR  SPRF R AIH U aheE Tk -
BYREE BRI - FHEERIME > 158
EUKEEE o BIEREIEIRE I IR > S
i > PRACHEERE NSRS - 7408
BB RS 2K > BUE T E
SKERIGIN - B N RE AR A )EE
TR (IS 3 R BT PR AR A N UIER - HoA=ad
B = EEsR - Rk a gz ff(headward
erosion) - FRIFIEIZIZTEIT 4R (ridge) -

2. TWI 583

ARERHIE R TWI s R 40E 6 Ak -
MR IR B AR Bk R e 13t - 7K
AR - PRABIEYIER - SUHE
AR AT > IBEERES S K

1292

fiz > HREETEN NN - FLBUKBRETERE RIS
1 > BREI R+ 38R b (soil liquefaction) - &
TEHRYIFAR HALPS e Key TR 2 SRR -
AERFLIEK RS e - bR R4S & 77 R R
DEZHR  RAES AR BRI R AN
TRHHRATRRE - DLENRE SR EEEEREY)
HIRETT - IR E G A AR T kR IR R (R
BHG > 2002) o LEAD > EER IS S BT IS
A MR B P KEEDR - ) NERE
ORI > /Kt B HEVE(EH R E RS S R 2
st e - fEERR R AR A AL A -

216000

2563000

562000

214000

3 NDVI 5 {E 2 22 734f
Figure 3 Distribution of mean NDVI

215000

2563000

2562000

NDVIft

™y

BN
216000

4 NDVI #EAE 7 ZEfE] 734
Figure 4 Distribution of standard deviation
NDVI



214000 215000 216000

5 NDVI “PH{H RS = 2 Eilas 3
Figure 5 Mean and standard deviation NDVI
using overlay operation

1
214000 215000 216000

6 MR ZE M Ah
Figure 6 Distribution of topographic wetness
index

3 BRI LA IETIE T

A ZE 2 LIRSS B 55 (6 i 28 B W 55
40m 2 NDVI K TWI 22R54554h (@ 7) > Hpi
AAIHTEEF IR > SrafERi = E AR
BRI Ry R - MR AR RIS HARIE
i o HHE 7 BURRN BB BRI
SR AL 0 {2 TR R A B
s S AR T M

IR AR R I PR N AE R L - A&
S R By 4.21kmvkm? > AR 42 B

PREAZE ~ BERKAG
LT 2 S L A AR BRI (A 2 165

GERREREE 111 km/km* (TP EE R BT
EENAE > 2009) - = 3.79 fi% 0 ARG
SRR & RS R E AL 522 11(8.03
km/km?) ~ 157 (4.92 km/km?) - ELfE 17 (4.62
km/km?) #7777 (4.04 km/km?) 18 > Hofihig
A ERITE 0.37~2.23 km/km®» LR Bl T
Bl 2 LI ERERR DA S B KB 0
FIREE Z IR GRS &I AT R Z $
B2 AR SOE S IReE - AP REERE
ANREEERL > SIS R EEERRAE REUR » /I
W RRIREI B S F S A T HE R -

AWTFEHIE 2 ERRGER 7.57km > KU
ERETH 40 5E - SFH9 189m HI— R &%
FER S - BUTIIERERS T 20 A aE -
At M PR LT > BT RRARIAHY
BRI > (HRHITIAA  EBRE -

215000 216000

2563000

&r
Ak 2 il
r NDVI-TWI-FKHERG 68 778
rt.u H = ma M
1 L L]
i 1 : o— “J_ A
214000 215000 216000

7 RS SARARSRTEBA  ZE R AT
Figure 7 Distribution of landslide potential
along the road

4B R RERE

i NDVI ~ TWI R R84 g9/&E 7y
PrpkaT > Al REE S AT REJRA -

1) FEmEENAMERRE > 15
PRFEERZE  SPIRF[E] T RET] AT > 2R

gl



TK TR 2SR 47 (1): 1287-1296 (2015)

Journal of Soil and Water Conservation, 47 (1): 1287-1296 (2015)

FLBSUKER EFHRIR T - BOE BEEE A Z
PRI R -

(2) FAFEA ZERGE BEISEE
HEZK > BRI RPN - HE T 2B R
SR -

Q) AiEmERKREBEEER 421
km/km? R > EEEEE P 40 JR o HEE

EENVESE > MR EEIEEN: -
5. 4R e o

LR ERE KL KE  KEEE
B > EESSGT A R EITRR RERER -
FESRIFEBH IS - RirSEE(L > UEE
EEABHSE 21 - 2RI EE AR RERF B KA
THETEEEE - WHNLEE -

ERR AR Ry R 2] - AR A b
T2 BB [ B 2 SRR A &g > m R
A ROKtE > LHRAKR > AR
B H A i A TSR gy
KL FRIEDIRE R AR
(et N - HEEssst A et A M8
TTEER A fEHRE T IR0 A R ENT -
EARREZRIHKRE - BIATRE K -

LT AE S SR I AR B 34 1T By > (152K
fIRE - SEIERE © E S D ST SRR
HONERIHE ~ BAE R A St i — 2o
AW FEEEREUT KA e — EH G
T FR/KEA 3% 2 TS S PR B R AT

(1) FEKEHE - ERRKEL AR
WEZ > —RFRIERECK » R TKS
% | gIEEETHRESIOK - eSS
GAFLUESRRDRE R+ SR BB SRE
KAPEHEITE E > B0 SEEIRA - TS

1294

HEHEKZEE > F RS KPR AR SR s
ZIER > AR RO AT s H AR K & R
SOEHER > BIIEABS [SLaefkaE > EAET
REHE  1&E > DESH KT 1YE
BGREEN > N EEEGFEREDE
IRFL » HEAF R o 2 B T B2 B D AR
e

(2) BERE BRI T AR E &R
I~ TTHEME A ~ ISR TTE o R
ek o

() BRSSO B H S5
IKRABA R (SR ML - 15K
TR RSB T] - AT ER SRS HE S
B > BB I RS A E R AR
5E R - B TR ERR RO - TR
BN FPK R EE -

AT FEHE T H RIS A R AR A
ZIFA - ficHE NDVI e TWI 248 2 82 B
RSB - AR L 2 JE R A T = PR A
WEL > AMEEREE®ESE 421
Ke/km? > bFFH G 7 P T 5 7 A
PFFEEEERETT > FRERIE LA NDVI SPIEEK
HEREZ/NZ L - FrGEEREE - oA
1 HIEAEEOR AR GRAAE 25 TWI
HES » BURERI G N B 2R U S
Mo Ty ARG AL o PR A A A 5
JE& BLAF > IBHOZIR ARG mIRZ EOR#E
ZAIT P HAR] > BEHAER 2 OB RS B TR -
—HIEMEBEA (Fr]pe B &SR T
MRS Z SR > EH R TR A S A B
B/ VAR 2 SCRRFRIN R -



FESRMEEE AR S - IR - (151
Hh /A AT B R A THRE - P KORSERAYLLE
HRERZER  INEINEE - DM ISE
TSR - S AL E A EN
REE - BRI  (EEAREERE > BAS

KK
FHE -
k2
S

AUFORSA TR " BRI IEE
P SR K B S AR e E oA Z W5 L (BT

E 4797 - NSC 102 - 2628 - B - 005 - 004 - MY2)

STEACENTRY  RRRNLE AR ER A -

TS

1. ERBEETENAE(2009) - ERS B
B | http:// www.stat.gov.tw/mp.a
sp?mp=4 -

2. FPEE - FE5ET - MRERER(2009) - T /bR
RS R B SRR o H TR
122:87-94 -

3. WifwTs - ZREEW] - HUSHE - SOSRAE -
15158/(2012) - " eJE AR SR AR - A
GEE M E R, TETE
115:42 -

4. FPUT - BOUE - BRIRT > mRUE 5
J317(2012) - T B ve e R R SE B
A FERR IS 22 B 7 - DU/ VR 6 g A 5
FoBll p /Kb ORfpERsay > 42(4)  313-324

10.

11.

1295

PREAZE ~ BERIGAT :
LT 2 S L A AR BRI (A 2 165

PRIFZE ~ BfEatE ~ SoCE(2013) - T EFR
IR RS ] B DR B /K& e
GRAREEE W9 ) 0 KL ORFFEEHL -
45 (3): 721-736 ¢

s #(2013) T VSRR B AR
KGNS Z T ) » PIRASK L
R S L3+ P30 -

SHE(1993) " BB A WRENINF 2 552
BI%E 1 AR TS ) (T
R 2 B IR R
i -

BRS4T(2002) - - HER LRI - S8
| B DRSS B
=& > P.107-123 -

PRIFEE ~ RagRE - MRERR(2013) > T [
B S K R ARt 2 e o
IR PRFFFERER > 45(2): 653-662 -

SR ~ FERELLI(2006) T B L@ RS
B ERRBEE A2 B 2
BN TAE » 32(12): 524-554 -

Rouse, J. W., R. H. Haas, J. A. Schell,
and D. W. Deering(1973), “Monitoring
vegetation systems in the great plains
with ERTS,” Third ERTS Symposium,
Goddard Space Flight  Center,
Washington, D. C. NASA SP-351,
390-317.



TK TR 2SR 47 (1): 1287-1296 (2015)
Journal of Soil and Water Conservation, 47 (1): 1287-1296 (2015)

103 506 H 05 H &
103 506 A 23 HfEeL
103 4£ 06 A 25 H %

1296



