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Geographic Information System Analyses for Landslide
from the 921 Earthquake at Mt. Jiujiufong
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Abstract

Landslides occurred at Mt. Jiujiufong in the 921 earthquake of Taiwan was analyzed with map data,
using the geographic information system (GIS) and the image processing software. The study area
covered the 8-20th forest compartments in the Puli Working Circle, where 61.57% had elevations of
300m to 500m and 68.34% had the 5th class slopes. The land was covered mainly with thin brown forest
soils and natural forests, of which natural hardwood mixed forests occupied 58.65% of the area prior to
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the earthquake. The landslide areas occupied 33.63% of the total study area, and were located at
elevations mostly above 400m with the 6th class slopes or higher, where the Jiujiufong Nature Reserve
was located. A total area of landslides in the nature reserve was 729.36 ha, occupying 60.86% of the
reserve area and 71.11% of the total landslide areas in the study area. As compared to the non-landslide
areas, the mean elevation of the landslide areas was 114.52m higher for the study area and 84.79m higher
for the reserve area, while the mean slope was 38.13% higher for the study area and 27.93% higher for
the reserve area. The above results indicated that elevation and slope were two major factors associated

with the occurrence of landslides at Mt. Jiujiufong in the 921 earthquake.
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Table 1. Monthly and yearly means of precipitation (mm) and numbers of precipitation (days), and

monthly and yearly maximum precipitation (mm) within 24 hours at the Shuangtung Observatory of

Taiwan Central Weather Bureau for 1993 to 2002

Jan. Feb. Mar. Apr. May

Jul. Aug. Sep. Oct. Nov. Dec. Yealy

Precipitation 429 958 923 1380 2871 4531

Number of
precipitation 6.9 91 91 102 135
Maximum
precipitation 63.0 755 815 720 109.0

4334 4675 1738 355 97 305 22592

178 1838 9.6 43 34 47 1141

2035 3740 2765 1120 175 355 3740
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Fig. 1. A map showing the study area at Mt. Jiujiufong, Taiwan (yellow numbers and lines, 8-20th forest

compartments).
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Table 2. Areas (ha) and cumulative areas (ha) (relative areas, % in parentheses) of

elevation, slope and aspect classes at Mt. Jiujiufong

Areas Cumulative areas

Elevations (E)

E>>600m 262.36 (8.60) 262.36 (8.60)

500<E=600m 537.74 (17.63) 800.10 (26.23)
400<E=500m 960.83 (31.50) 1,760.93 (57.73)

300<<E=400m 917.26 (30.07) 2,678.19 (87.81)

E=300m 371.96 (12.19) 3,050.15 (100.00)
Slopes (S)

7 (S>100%) 728.78 (23.89) 728.78 (23.89)

6 (55<<S=100%) 903.25 (29.61) 1,632.02 (53.51)

5 (40<S=55%) 45253 (14.84) 2,084.56 (68.34)
4 (30<<S=40%) 264.86 (8.68) 2,349.42 (77.03)

3 (15<S=30%) 309.37 (10.14) 2,658.79 (87.17)

2 (5<S=15%) 215.99 (7.08) 2,874.78 (94.25)

1 (S=5%) 175.37 (5.75) 3,050.15 (100.00)
Aspects

Flat 0.23 (0.01)

N 331.43 (10.87)

NE 361.99 (11.87)

E 400.77 (13.14)

SE 488.24 (16.01)

S 444,76 (14.58)

S 408.04 (13.38)

wW 304.19 (9.97)

NW 310.51 (10.18)
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3. JUIUIEEHITER 25 828 20K BT /51 & 43 b R S i
Table 3. Relative areas (%) of elevation classes and their cumulative relative areas (% in parentheses) for
the 8-20th forest compartments at Mt. Jiujiufong

Elevation classes

Compartment
E>600m 500<E=600m 400<<E=500m 300<E=400m E=300m
8 1.02 10.21 45.10 35.89 7.77
(1.02) (11.24) (56.34) (92.23) (100.00)
9 0.82 6.25 41.65 42.90 8.38
(0.82) (7.07) (48.72) (91.62) (100.00)
10 1.00 5.15 33.98 53.67 6.20
(1.00) (6.15) (40.13) (93.81) (100.00)
11 6.53 21.34 31.75 35.99 4.39
(6.53) (27.87) (59.62) (95.61) (100.00)
12 4.18 20.10 37.65 36.80 0.98
(4.18) (24.28) (62.22) (99.02) (100.00)
13 0.17 6.15 28.32 30.71 34.65
(0.17) (6.32) (34.64) (65.35) (100.00)
14 0.00 3.80 21.23 38.13 36.84
(0.00) (3.80) (25.04) (63.17) (100.00)
15 17.61 25.32 24.54 20.36 12.16
(17.61) (42.94) (67.48) (87.84) (100.00)
16 6.10 21.44 26.22 22.89 23.34
(6.10) (27.54) (53.77) (76.66) (100.00)
17 17.54 20.78 22.53 24.79 14.37
(17.54) (38.32) (60.84) (85.63) (100.00)
18 22.80 26.99 23.66 20.19 6.36
(22.80) (49.80) (73.45) (93.64) (100.00)
19 11.68 27.87 29.06 26.18 5.21
(11.68) (39.55) (68.61) (94.79) (100.00)
20 5.63 20.59 49.91 23.73 0.15

(5.63) (26.22) (76.12) (99.85) (100.00)




76 FUSUIEE IR 2 2 M

4. JLIUEHITER 55 828 20K BT & 435 FH St i F
Table 4. Relative areas (%) of slope classes and their cumulative relative areas (% in parentheses) for the
8-20th forest compartments at Mt. Jiujiufong

Slope classes

7(S100%)  6(55<S=100%) 5(40<S=55%) 4(30<S<40%) 3(15<S<30%) 25<S<15%)  1(S=5%)

Compartment

8 17.16 34.34 18.27 9.34 7.74 6.39 6.76
(17.16) (51.50) (69.77) (79.11) (86.86) (93.24)  (100.00)

9 18.87 26.39 18.46 11.10 11.93 7.34 591
(18.87) (45.26) (63.72) (74.83) (86.75) (94.09)  (100.00)

10 22.18 37.34 16.51 7.12 6.67 6.05 414
(22.18) (59.52) (76.02) (83.14) (89.81) (95.86)  (100.00)

1 15.59 28.95 19.10 10.85 10.51 7.79 7.21
(15.59) (44.55) (63.65)  (74.50) (85.00) (92.79)  (100.00)

12 25.97 32.99 14.81 7.31 7.75 6.26 491
(25.97) (58.96) (73.76) (81.07) (88.82) (95.08)  (100.00)

13 16.51 27.19 15.99 9.94 14.82 10.40 5.75
(16.51) (43.70) (59.69) (69.63) (83.85) (94.25) (100.00)

14 30.74 28.77 9.34 6.73 11.70 8.58 4.15
(30.74) (59.51) (68.85) (75.58) (87.28) (95.86)  (100.00)

15 4211 22.93 8.80 5.33 8.63 6.29 5.91
(42.11) (65.04) (73.84) (79.18) (87.81) (94.09)  (100.00)

16 16.95 21.09 13.64 9.76 16.13 7.89 454
(16.95) (48.03) (61.68) (71.44) (87.57) (95.46) (100.00)

17 29.13 30.93 13.67 7.64 7.97 6.53 413
(29.13) (60.06) (73.73) (81.37) (89.35) (95.87)  (100.00)

18 2911 33.96 10.46 6.02 7.23 6.62 6.59
(29.11) (63.08) (73.54) (79.56) (89.78) (93.41)  (100.00)

19 23.69 29.53 14.79 9.86 10.71 5.37 6.05
(23.69) (53.22) (68.01) (77.87) (88.58) (93.95) (100.00)

20 194 21.97 27.26 18.13 16.79 7.28 6.63
(1.94) (23.91) (51.17) (69.29) (86.09) (93.36)  (100.00)




FrE4PImse 7(1) = 69-87, 2005 77

Fe5. L LI I [ 25 828 20K FIE 4G [v1] 43 R 6 T

Table 5. Relative areas (%) of aspect classes for the 8-20th forest compartments at Mt. Jiujiufong

Compartment Flat N NE E SE S SW W NwW

8 0.04 14.03 11.53 8.48 9.28 10.88 14.71 15.39 15.65
9 0.02 14.98 22.05 22.97 10.86 271 4.63 8.38 1341
10 0.00 9.36 8.04 4.28 9.16 14.92 23.78 18.02 12.44
11 0.02 14.91 9.98 4.31 11.05 14.36 19.33 12.68 13.35
12 0.00 19.78 11.60 4.56 3.50 11.03 17.58 13.85 18.09
13 0.00 8.27 6.21 10.98 14.98 18.89 19.14 10.66 10.88
14 0.00 6.17 12.70 14.81 16.94 24.94 11.60 6.99 5.85
15 0.00 6.49 7.50 10.79 18.53 18.38 14.24 11.66 12.41
16 0.00 4.30 11.62 18.52 25.42 20.31 12.78 5.08 1.97
17 0.00 18.39 20.45 17.63 18.30 6.30 311 4.50 11.32
18 0.00 10.80 14.48 18.56 21.21 15.76 9.52 6.45 3.23
19 0.00 9.87 17.65 23.51 20.13 15.68 5.89 2.30 4.97
20 0.00 2.96 8.11 22.40 30.57 12.57 14.34 741 1.65
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Table 6. Areas (ha) and relative areas (%) of soil types, soil classes, and land cover types at Mt.

Jiujiufong
Areas Relative areas
Soil types
Slightly dry brown forest soils 1,903.86 62.42
Moist brown forest soils 330.01 10.82
Low-dry yellowish brown forest soils 295.28 9.68
Wet lithic soils 338.21 11.09
Unclassified 182.78 5.99
Soil classes
11 2,233.87 73.24
v 295.28 9.68
\Y% 338.21 11.09
Unclassified 182.78 5.99
Land cover types
Natural hardwood mixed forest 1,788.80 58.65
Natural conifer-hardwood mixed forest 353.08 11.58
Natural bamboo-hardwood mixed forest 140.11 4.59
Natural grasses 86.90 2.85
Planted bamboo-hardwood mixed forest 66.60 2.18
Orchard 210.54 6.90
Betelnut 91.12 2.99
River bed 64.86 2.13
Other land 65.36 214
Unclassified 182.78 5.99
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Table 7. Relative areas (%) of soil types for the 8-20th forest compartments at Mt. Jiujiufong

Slightly dry ) Low-dry o
Compartment brown forest Moist bro-wn yellowish wet I-|th|c Unclassified
soils forest soils brown forest soils soils
34.55 27.76 37.01 0.00 0.67

9 36.51 0.00 63.14 0.00 0.35
10 54.61 0.00 43.42 0.00 1.97
11 95.82 0.00 0.00 0.00 4.18
12 93.88 0.00 0.00 0.00 6.12
13 75.48 0.00 0.00 7.78 16.73
14 70.34 0.00 0.00 20.52 9.14
15 58.82 0.00 0.00 39.26 1.92
16 46.74 0.00 0.00 18.69 34.57
17 84.99 0.00 0.00 8.67 6.34
18 82.84 0.00 0.00 16.72 0.35
19 57.20 41.79 0.00 0.00 1.01
20 3.53 96.01 0.00 0.00 0.46

#8. LU 5 875 200K HIE - I AR AH S T A

Table 8. Relative areas (%) of soil classes for the 8-20th forest compartments at Mt. Jiujiufong

Compartment ClassllI Class IV ClassV Unclassified

8 6.31 37.01 0.00 0.67
9 36.51 63.14 0.00 0.35
10 54.61 43.42 0.00 1.97
11 95.82 0.00 0.00 4.18
12 93.88 0.00 0.00 6.12
13 75.48 0.00 7.78 16.73
14 70.34 0.00 20.52 9.14
15 58.82 0.00 39.26 1.92
16 46.74 0.00 18.69 34.57
17 84.99 0.00 8.67 6.34
18 82.93 0.00 16.72 0.35
19 98.99 0.00 0.00 1.01
20 99.54 0.00 0.00 0.46
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Fig. 2. Land cover types at Mt. Jiujiufong prior to the 921 earthquake.
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WIS IR ) i 2 T A R R PG T > 3
FHERSE I BS 82 20K L AR i SR I 6 55 1,025.68
ha(3210) » 5 #E 8~ 33.63% » H A1 LIEE 150
Yt 2 275.84 hafix K - 5 #8 B % 1 15 2
26.89% > H X 355184 U~ 128.35 ha(i5
12.51%) B 251748 2 106.97 ha((510.43%) °
LIEE 20k ¥E.29.78 ha(50.95%) % /)N & hk
PEFH S SR AR TS T - IR LA AR BE A

61.70%HITE i3 i & » %512 ~ 17 ~ 18Ei19
ARBIE H 27 1 A B A8 38 40% - 11 55 204K BT A 27
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F EA T 4k = BT i 400m L _E % g i
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J& o3 RRE L AR SR TR TG T DU 600mA
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Mi.2.60.82% ° FA%E(2001) 73 A7 f5 5 B B LT
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KEaT o HA R B LA A BRI 2 H A
505.18 hafffx K » 8 Hi S i1 .2 49.25% >
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Table 9. Relative areas (%) of land cover types for the 8-20th forest compartments at Mt. Jiujiufong

Compartment  Natural Natural Natural Natural Planted  Orchard Betelnut River Other Unclassified
hardwood conifer- bamboo- grasses  bamboo- bed land

mixed hardwood hardwood hardwood

forest mixed forest mixed forest mixed forest
8 73.79 0.00 7.57 4.37 0.00 5.46 6.18 024 1.73 0.67
9 77.59 0.04 0.00 7.00 0.00 4.88 7.85 146 0.82 0.35
10 90.50 0.12 0.00 6.55 0.00 0.81 0.03 0.00 0.02 197
11 59.28 0.60 23.86 0.03 0.00 9.99 0.63 1.04 037 4.18
12 79.28 0.11 5.95 0.33 0.00 2.94 0.51 1.35 340 6.12
13 47.59 0.00 0.00 0.25 0.87 12.01 531 089 835 16.73
14 67.40 0.00 10.89 0.22 0.00 3.90 1.74 214 458 9.14
15 78.38 0.00 0.11 9.47 0.00 1.10 2.95 396 2.09 1.92
16 60.30 0.00 0.00 0.43 0.48 0.20 121 281 0.00 34.57
17 70.65 0.12 0.00 1.35 18.70 0.23 0.42 219 0.00 6.34
18 9.61 79.01 0.00 0.78 0.00 331 127 5.67 0.00 0.35
19 17.84 66.70 0.00 0.00 0.00 8.58 3.65 221 0.00 1.01
20 19.48 0.18 14.25 0.00 0.00 51.31 6.82 0.66 7.02 0.46

210, JUJ LI BT 55 878 20K BT A T 7
Table 10. Areas (ha) and landslide areas (ha) of the 8-20th forest compartments at Mt. Jiujiufong

Compartment Areas Landsilde areas Relative landsilde areas

(A) (B) B/T (%) B/A (%)

381.62 40.24 3.92 10.54

142.69 22.87 2.23 16.03

10 147.27 33.43 3.26 22.70
11 239.69 61.34 5.98 25.59
12 213.17 85.69 8.35 40.20
13 253.21 92.41 9.01 36.49
14 156.27 44.22 431 28.30
15 447.07 275.84 26.89 61.70
16 203.80 54.66 5.33 26.82
17 230.82 106.97 10.43 46.34
18 316.08 128.35 12.51 40.61
19 151.19 69.89 6.81 46.23
20 167.27 9.78 0.95 5.85

Total 3050.15 1025.68 (T) 100.00 -




82

FUSUIEE IR 2 2 M

R SUSUE IR S L ~ B R R R o3 A SR TR EEE

Table 11. Landslide areas (ha) (relative landslide areas (%, landslide areas/each class area) in

parentheses) and cumulative landslide areas (ha) of elevation, slope and aspect classes at Mt. Jiujiufong

Landsilde areas

Cumulative landsilde areas

Elevations (E)
E>600m 227.52 (86.72) 227.52
500<<E=600m 327.08 (60.82) 554.59
400<<E=500m 311.53 (32.42) 866.12
300<E=400m 133.12 (14.51) 999.24
E=300m 26.44 (7.11) 1025.68
Slopes (S)
7 (S>100%) 505.18 (69.32) 505.18
6 (55<<S=100%) 297.47 (32.93) 802.65
5 (40<<S=55%) 74.56 (16.48) 877.20
4 (30<< S=40%) 36.18 (13.66) 877.20
3 (15<S=30%) 46.03 (14.88) 959.42
2 (5<S=15%) 41.28 (19.11) 1000.70
1(S=5%) 24.98 (14.24) 1025.68
Aspects
Flat 0.06 (26.60)
N 135.46 (40.87)
NE 115.22 (31.83)
E 105.96 (26.44)
SE 148.33 (30.38)
S 141.36 (31.78)
SW 132.62 (32.50)
wW 109.35 (35.95)
NW 137.32 (44.23)

YR o T A% P 3R FH T B SR T AR S T DA
AR I A 69.32% i FE B SR S i 1 > FLR S S
bl 2 32.93%  HiH 1 ok DL B ¥ 7112 148.33
ha( 5 14.46%) 11K » 1125 3R [ 7R RH ST A 2 1
FEIE » LIPEALA 2 44.23% k2 AL 171 2 40.87%
LN

.~ TSI B IR R R

JUILIEE H IR R W AR BB RS 5 AR AR 22
fERCHEL 2 1A FE 55 1,198.4466 ha » [ffi AR/ NFIEE
EEt 2 HE£%1,199.2138 ha > JERS & 20 8%
IRE [ EEAS R P2 o H PR ER B 1= N T R & 2
400mpL FHiFE &35 1,041.42 ha(3%12) @ S{%
B i FE 2. 86.84% 0 HeoomLUL i fE A

{
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Table 12. Areas (ha) and cumulative areas (ha) (relative areas, % in parentheses) of elevation, slope and

aspect classesin the Jiujiufong Nature Reserve

Areas Cumuletive areas

Elevations (E)

E>>600m 248.67 (20.74) 248.67 (20.74)

500<<E=600m 409.03 (34.11) 657.71 (54.85)

400<<E=500m 383.71 (32.00) 1,041.42 (86.84)

300<<E=400m 134.41 (11.21) 1,175.83 (98.05)

E=300m 23.38 (1.95) 1,199.21 (100.00)
Slopes (S)

7 (S>100%) 466.64 (38.91) 466.64 (38.91)

6 (55<<S=100%) 373.96 (31.18) 840.60 (70.10)

5 (40<< S=55%) 118.59 (9.89) 959.19 (79.98)

4 (30<<S=40%) 60.55 (5.05) 1,019.74 (85.03)

3 (15<S=30%) 72.80 (6.07) 1,092.54 (91.10)

2 (5<S=15%) 61.83 (5.16) 1,154.36 (96.26)

1 (S=5%) 44.85 (3.74) 1,199.21 (100.00)
Aspects

Flat 0.06 (0.00)

N 144.46 (12.05)

NE 134.64 (11.23)

E 129.80 (10.82)

SE 180.31 (15.04)

IS 179.37 (14.96)

SW 159.96 (13.34)

w 131.52 (10.97)

NW 139.10 (11.60)

248.67 ha(520.74%) - [f[i400mLL T 1 & 1%
157.79 (134.41+23.38) ha* {#/513.16 (11.21+
1.95)% > HE < H SR 1w b > Hog s
UL [ 8 57 o2 [ L o

(REE I P8 T — VYR I 2 TRIFE A a T
£%5240.03 ha(£%12) » {8 [ Hif& .~ 20.02% >
TR b T FE T 118.59 ha(159.89%) » 7Sl LA

I THIFE 573 840.60 ha( 570.10%) » B~ [
P ZA ST AL BEE - 25 53 R 8R2 1L1Id B 8
W o BRI P £ e 1 AT o AR AR RN
K HoA DU RS A 2 [ £ 180.31 ha( 15 15.04%)
R HRE R M1179.37 ha( 5 14.96%) °

TR 2 1 A DR sz PR G ARbk 1
B MifE15989.39 ha(#13) » i {84 1 i f
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Table 13. Areas (ha) and relative areas (%) of soil types, soil classes, and land cover types in the

Jivjiufong Nature Reserve

Areas Relative areas
Soil types
Slightly dry brown forest soils 989.39 82.56
Moist brown forest soils 26.31 2.20
Low-dry yellowish brown forest soils 0.58 0.05
Wet lithic soils 174.42 14.55
Unclassified 7.74 0.65
Soil classes
Il 1,015.71 84.75
AV 0.58 0.05
\Y 174.42 14.55
Unclassified 7.74 0.65
Land cover types
Natural hardwood mixed forest 790.73 65.98
Natural conifer-hardwood mixed forest 281.83 23.52
Natural bamboo-hardwood mixed forest 26.36 2.20
Natural grasses 47.37 3.95
Planted bamboo-hardwood mixed forest 0.98 0.08
Orchard 9.17 0.77
Betelnut 6.64 0.55
River bed 13.49 1.13
Others 14.14 1.18
Unclassified 7.74 0.65

Z.82.56% ° A E L HEEG 174.42 ha(h
14.55%) > R/MAMITEG7.74 ha(150.65%) ° 1
HE oy DL+ B8 3.2.1,015.71 hafix K 0
84.75% > + I #k 51 & H 174.42 ha(ih
14.55%) °

PRI L = — R R Al 3R] JE A
RIS B E B E 1550 - Hop DI IRRA%E
RYEMZ 790.73 haie K(F13) » G OB 1 i
Z.65.98% > H X5 R IRGTHE REl B2 1B VB ko2

281.83 ha(1523.52%) > KIRHEEHI47.37 ha( 5
3.95%) * AR FHMEFE A 7.74 ha(50.65%) ©

BB A H R T8 5% 729.36 ha >
R T T2 60.86% » 1M1 i 25 822 20/ K L HE AR
BAIAITE 2 71.11% » BERE AR L —HiE
FERRSRIE I o

AN~ H SRR LR i bt P
FUILI T 2 B 2 75 22 Wi A v 52 i 4 it
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FUIUIEERFFE [ (55 828 200K BIE) ¥ 0 155 2 £
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Table 14. Comparison of elevations and slopes between landslide and non-landslide areas at Mt.

Jiujiufong (8-20th compartments combined) and the Jiujiufong Nature Reserve

Mt. Jiujiufong

Jivjiufong Nature Reserve

Landslide Non-landslide Landslide Non-landslide

Elevation

Minimum 137.36 135.00 212.36 198.84

Maximum 777.82 751.62 777.82 751.62

Mean 502.47 387.94 544.21 459.42
Slope (%)

Minimum 0.00 0.00 0.00 0.00

Maximum 180.00 171.00 180.00 170.00

Mean 91.92 53.78 93.54 65.61
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Table 15. Comparison of soil types, soil classes, and land cover types between landslide and non-

landslide areas at Mt. Jiujiufong (8-20th compartments combined) and the Jiujiufong Nature Reserve

Mt. Jiujiufong

Jivjiufong Nature Reserve

Landslide Non-landslide Landslide Non-landslide
Sail types
Slightly dry brown forest soils 43.13 56.87 63.29 36.71
Moist brown forest soils 8.62 91.38 44.35 55.65
Low-dry yellowish brown forest soils 18.74 81.26 0.00 100.00
Wet lithic soils 33.52 66.48 51.44 48.56
Unclassified 4.05 95.95 22.80 77.20
Soil classes
I 38.03 61.97 62.80 37.20
v 18.74 81.26 0.00 100.00
Y, 33.52 66.48 51.44 48.56
Unclassified 4.05 95.95 22.80 77.20
Land cover types
Natural hardwood mixed forest 40.54 59.46 63.83 36.17
Natural conifer-hardwood mixed forest 50.77 49.23 60.23 39.77
Natural bamboo-hardwood mixed forest 15.15 84.85 16.55 83.45
Natural grasses 67.24 32.76 90.99 9.01
Planted bamboo-hardwood mixed forest 20.69 79.31 0.00 100.00
Orchard 4.13 95.87 10.01 89.99
Betelnut 1.36 98.64 5.40 94.60
River bed 3.00 97.00 11.65 88.35
Other land 13.09 86.91 20.17 79.77
Unclassified 4.05 95.95 22.80 77.20

B W PR 5 R 22 1B 38 400m > 3 5 7SR
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