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Application of the remote sensing technique to monitor landslides of Hualien de-
bris disaster watershed areas
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ABSTRACT  The fourperiod SPOT satellite images of years 1996, 2002, 2005, and 2007 were used as analyzed materials. and also
the relevant map data were coupled to digitize the landslide area layer of Shoufong and Siouguluan watersheds in Hualien County of
Taiwan- The changed conditions of two investigated watersheds were examined and their characters of environmental factors were also
analyzed through calculating the vegetation recovery ratio (VRR) the increasing collapse ratio (ICR ), and the centroid displacement
vector of landslide area- The result shows that it is useful to monitor landslide area and then to know their cover changed conditions
over a long period of time by utilizing multi-temporal satellite images- Obviously > precipitation is the directly influential factor of caus-
ing the happenings of serious collapses, and a large number of occurrences of collapses are triggered by precipitation- The calculations
of VRR, ICR: and the centroid displacement vector of landslide area can efficiently quantify the recovery of vegetation and the in-
creasing collapse situation- Finally, the frequency of collapsing increases with increasing elevation and slope- Thus, these influential
factors mentioned above have to be paid carefully attention in future developments-
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Fig-1 Location of the study area
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Fig- 2 Landslide distributions throughout the Hsoufong river basin ;
(a) 1996; (b) 2002; (¢) 2005; (d) 2007
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Fig- 3 Landslide distributions throughout the Siouguluan river
basin: (a) 1996; (b) 2002; (¢) 2005; (d) 2007
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Table 2 Change of collapse area in Hsoufong and Siouguluan river

basins
b=Niariv S SR
KX i fy - )
km HE TR km
1996 332 13.44
2002 452 14.25
FEEIR 211.97
2005 574 17.25
2007 421 15.99
1996 189 2.77
2002 290 3.02
g 710.04
2005 271 4.80
2007 270 5.13
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Table 3

Distribution of collapse area and collapse ratio to elevation classification in the Hsoufong river basin

ESIRSNIEA

AL (CA) /km®. (HRZR(CA/TCA)/ %)

#83%/m

(TCA)/km® 1996 2002 2005 2007
0~500 15.18 0.0560,10.37} 0.0752,10.50} 0.1120,{0.74} 0.1504,{0.99}
500~1000 40.734 4 1.9440, {4.77} 1.9920, {4.89} 2.7728,{6.81} 2.4496,{6.01}
1000~1500 57.2224 4.4272,{7.74} 4.3312,{7.57} 5.2288,{9.14} 5.0160,{8.77}
1500~2 000 51.6384 3.5904, {6.95} 4.3456,18.42} 5.0880, {9.85} 4.6640,19.03}
2000~2500 33.7136 2.2864,16.78} 2.7488,18.15} 3.0976,{9.19} 2.9120,{8.63}
=>2500 13.4992 0.5968, {4.42} 0.5744,{4.26} 0.9424,{6.98} 0.7200,{5.33}

R4 FUIRAKXE Wm0 AT AR K AR
Table 4 Distribution of collapse area and collapse ratio to elevation classification in the Siouguluan river basin
—_ S| TR HEA(CA) km”, (B2 (CA/TCA)/ %}

(TCA)/km® 1996 2002 2005 2007
0~500 285.7536 0.5792,10.20} 0.6320,10.22} 0.8896,10.31} 0.8560,10.30}
500~1000 180.7504 0.8832,{0.49} 0.8480, {0.47) 1.6560,{0.92} 1.9232,{1.06}
1000~1500 98.948°8 0.6224,{0.63} 0.6816,{0.69} 1.0256, {1.04} 1.1232,{1.14}
1500~2 000 50.2400 0.4128,10.82} 0.5264,{1.05} 0.6624,1{1.32} 0.7872,{1.57}
2000~2500 2 4.5424 0.2560,{1.04} 0.3296,{1.32} 0.3152,{1.28} 0.3216, {1.31}
=>2500 9.9200 0.0256,{0.26} 0.0304,{0.31} 0.0496,{0.50} 0.0192,{0.19}
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FUHI(FR 7.3 8), HFFIZREKX R M ) R %

BB BT AR RN R HASX & R
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ZRFE ) B R AR A 32 )

FEFHF TR EK X, HE* G RNR R
e (AL 2R AR ) AR N s S L A R
{HILAE 2002—2005 48, BrARdbm B R NS
O S B 275 £ BACKT AR ICR 23
3| 116 %, VRR 7R INF] 57%, B0 5 WA KB 5
IR I 4 2005—2007 48, &3 7] i 1 3R
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Table 5 Distribution of collapse area and collapse ratio to slope classification in the Hsoufong river basin
25 B R FHIRTRBL(CA) /km”. URIIZH(CA/TCA)/ %)
YRE/ ()
(TCA)/km® 1996 2002 2005 2007
<5 36.512 0.0032,{0.09} 0.0080,{0.22} 0.0080, {0.22} 0.0064,{0.18}
5~15 5.3344 0.0544,{1.02} 0.0656,{1.23} 0.1024,{1.92} 0.0688,{1.29}
15~30 37.8640 0.7312,{1.93} 0.6320,{1.67} 0.8976,{2.37} 0.9808,{2.59}
30~40 58.2448 2.2656,{3.89} 2.3552,{4.04} 2.8672,{4.92} 2.7600,{4.73}
40~55 78.2144 5.6224,{7.19} 6.4752, {8.28} 7.4816,{9.57} 6.8928,{8.81}
=55 28.6816 4.2016,{14.65} 4.5184,{15.75} 5.8576,{20.42} 5.1744,{18.04}
6 FHUIVE AKX 251 10) A 35 38 15 7 A7 THD AR A 4
Table 6 Distribution of collapse area and collapse ratio to slope classification in the Siouguluan river basin
KA B IR HARTEA(CA)/km®, {BiIRZE(CA/TCA)/ %}
WeRE/ (%) )
(TCA)/km 1996 2002 2005 2007
<5 138.3072 0.0064,{0.00} 0.0128,{0.01} 0.0384,{0.03} 0.0304,{0.02}
5~15 74.3200 0.1280,{0.17} 0.1856,{0.25} 0.2256,{0.30} 0.2512,{0.34}
15~30 150.8160 0.9648,{0.64} 0.8784,{0.58} 1.1440,{0.76} 1.3424,{0.89}
30~40 122.8560 0.7648,{0.62} 0.8624,{0.70} 1.1696,{0.95} 1.3296,{1.08}
40~55 132.9472 0.6992,{0.53} 0.8768,{0.66} 1.4352,{1.08} 1.4912,{1.12}
=55 30.9072 0.2160,{0.70} 0.2320,{0.75} 0.5856,{1.89} 0.5856,{1.89}
RT AR AKX IR] A 45 3 5 A7 TR B B
Table 7 Distribution of collapse area and collapse ratio to aspect classification in the Hsoufong river basin
B R JASERL(CA) /km®. IR (CA/TCA)/ %)
D (TCA)/km® 1996 2002 2005 2007
AL 29.4496 1.7360, {5.89} 1.8912, {6.42} 2.2336,(7.58) 2.0720,(7.04}
%* 33.0208 1.7744,{5.37} 2.1168,{6.41} 2.9392,{8.90} 2.2000,{6.66}
F 28.7840 2.1344,{7.42} 2.6448,{9.19} 3.2784,{11.39} 2.5168,{8.74}
7 24.3136 1.4528,{5.98} 1.6608, {6.83} 2.1936,{9.02} 2.0080,{8.26}
Piikeat 23.2880 0.7360,{3.16} 0.7616,{3.27} 1.1232,{4.82} 1.0960, {4.71}
it} 27.1376 1.6128,{5.94} 1.5952, {5.88} 1.8608, {6.86} 2.0560,{7.58}
7EdL 28.9696 2.0848,{7.20} 1.9584,{6.76} 2.0288,{7.00} 2.2704,{7.84}
4t 20.4224 1.3696,{6.71} 1.4384,{7.04} 1.5840,{7.76} 1.6944, {8.30}
T8 FUIVE AKX A5 1 10] A7 35 M35 1 73 A7 TR AR % A 4
Table 8  Distribution of collapse area and collapse ratio to aspect classification in the Siouguluan river basin
EIR R HIRTIFL (CA)/km”, (B3R (CA/TCA)/ %)
i (TCA)/km® 1996 2002 2005 2007
it 82.5920 0.6240,{0.76} 0.7712,{0.93} 0.7472,{0.90} 0.8160,{0.99}
%# 94.1456 0.5920,{0.63} 0.6976,{0.74} 0.6016,{0.64} 0.7264,{0.77}
ZE 88.6464 0.7072,{0.80} 0.5440,{0.61} 0.7008,{0.79} 0.8224,{0.93}
3] 61.3312 0.2784,{0.45} 0.2208,{0.36} 0.3088, {0.50} 0.4032,{0.66}
i) 59.1760 0.1280,{0.22} 0.1712,{0.28} 0.3952,{0.67} 0.4064,{0.69}
piic} 86.9408 0.0784,{0.09} 0.1888,{0.22} 0.5376,{0.62} 0.5232,{0.60}
Viiild 95.7376 0.1264,{0.13} 0.1200,{0.13} 0.6160,{0.64} 0.6848,{0.72}
1t 68.7280 0.2384,{0.34} 0.3248,{0.47} 0.6800,{0.99} 0.6400,{0.93}
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