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DETECTION OF THE AREAS WITH BUILDING DAMAGE DUE TO
THE 1995 KOBE EARTHQUAKE USING AIRBORNE MSS IMAGES
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SUMMARY
In multi-stage remote sensing performed by NASDA just after the 1995 Kobe earthquake, the stricken areas were
observed by airborne MSS, which has twelve bands between visible and thermal infrared. In this study, after some
training areas were selected in Nada Ward using GIS data based on field damage survey, spectral characteristics of
damaged and non-damaged buildings were investigated. Then, the distribution corresponding to the damage level of
buildings in the hard-hit area of Kobe City was estimated by the maximum likelihood classifier. The estimated result of
areas with burned and severely damaged buildings was relatively in good agreement with the field survey data. An

application of this method, based solely on the post-event image, to early damage assessment systems can be expected.
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Table 1: Specification of the airborne MSS image

Band Wavelength (x m)
Visible b02 0.41 - 0.46
(blue) b04 0.49 - 0.53
Visible b05 0.53 - 0.57
b06 0.57 - 0.60
(green)
b07 0.60 - 0.65
Visible b08 0.65 - 0.70
(red) b09 0.69 - 0.72
Infrared bll 0.76 - 0.80
(near) bl2 0.82 - 0.90
Infrared bl5 1.52 - 1.72
(middle) bl6 2.06 - 245 Fig. 1
infrared o
(thermal) b17 8.00 - 12.00
Acquisition date Jan. 24, 1995
IFOV 2.5 mrad
Altitude 2,500 m
Observation width 4,000 m
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Table 2: Digital number of MSS bands for training data

011o0oo00ooobooog

Category

CCT

b02 b04 b05

b06 b07 b08

b09

bll

bl2 bl5 bl6 bl7

Burned

Average
Standard deviation

74
6

63
5

60
6

84
8

77

79 112
7 11

75
6

106
8 8

141
22

Severely damaged

Average
Standard deviation

85
13

73
10

68
10

91
12

118
9 15

79
8

110
11 8

142
22

Slightly damaged

Average
Standard deviation

95
16

84
11

78
12

101
14

129

83
8

110
11 8

150
32

Liquefaction

Average
Standard deviation

87
10

80
10

83
12

114
14

90
9

124
11 12

95
15

Bare ground

Average
Standard deviation

84
9

80
11

83
12

115
17

98
10

137
13

120
28

Railway

Average
Standard deviation

70
6

57
4

54
5

75
6

67
5

89
7 8

129
19

Vegetation

Average

66

51

52

72

89

101

116

Standard deviation 7 7

7
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Fig. 3. Estimated distribution of the areas with burned (orange), severely damaged buildings (yellow), and slightly damaged
buildings (blue) using maximum likelihood classification. Red polygon indicates the area of seismic intensity VII in the

JMA scale.
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Fig. 4. Result of the field survey on building damage'®. Red and yellow represent the areas with “burned” and “severely
damaged buildings”, respectively. Red polygon indicates the area of seismic intensity VII in the JMA scale.
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Table 3: Classification accuracy (%)

Class cl c2 c3 c4 c5 c6
cl: Burned 835 190 20 27 52 02
c2: Severely damaged 73 60.0 190 15 1.8 038
c3: Slightly damaged 25 183 772 33 15 17
c4: Liquefaction / Ground 02 02 00 910 0.0 0.0
c5: Railway 55 23 03 0.0 910 0.0
c6: Vegetation 1.0 02 08 13 05 973
%% Cloud - - 07 02 - -

Total 100.0 100.0 100.0 100.0 100.0 100.0

gboooooooo330%suibooboooooooooobon
gbooooooboobooboobobobobobooobooo
gboooooboboobobooboboooooooboo
gbooooooooboboobooboonoo
gobooobooboboooboobobobobooboo
obooooobodbFg2 O0OODOODOOOOOODOO
gbooooooboboboboooboobbeloonoO
goooooooboboboooobobobooogoobobooo

loomx leomO 0000 21x21 0000000000000

gbdclObODbOOOOOODODOOOODOODO
oboooobooob Rxooboooooboboooo
OO00O0RxOODOODOOOODOFigsOODO M M elO
O Rpx30%0 0000000000000 00O00OOc200
oboooobesODO Rpx O 20%0 0 30%0 00 100%0 0
UbooooooobobOobO Rpx10%00000 100%
oboob0ooooboobobobe200000D 5%000
O Rpx10%0 0000000000000 00OOODOO
UOclOODOODO0O 5% 0000 Rpx30%00000000
gboobooboobobooooooooboboooo
Ub0d0cl-c3000000000000DOO0O0O0ODOO
gbooboooooboooobooboboboooogooDoo
oboooooobob FigedOUOOFig4OOOODODO
boooooooooboobooboboooboooboooboo
gboobooooobooooobooboboboooogonoo
gbooboooooooboboboooooooogonDo
gbooboobobooobooboooobooobooobo
gbooobobooboboooobooboboboooo

011o0oo00ooobooog

100% [
80% |

60% |

=== 1: Burned
——c2: Severely damaged
——c3: Slightly damaged
—©—c4: Liq. / Ground
—©&-—c5: Railway
—#—c6: Vegetation

0% 20% 40% 60% 80%
Rpx

40% | 4

20% |

Cumulative relative frequency

Fig. 5. Cumulative relative frequency of Rpx for each set of
class for maximum likelihood classification
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U 10%, respectively in texture analysis. Red polygon indicates the area of seismic intensity VII in the JMA scale.
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