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Assessment and analysis of collapsing houses by aerial images
in the Wenchuan earthquake
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Abstract: Information of houses collapsed by the earthquake is one of the important indicators to assess the earthquake dam-
age intensity, and support the emergency decision-making process in rescue and recovery operations. We monitored the house
collapse ratio and its spatial variation in the 5.12 Wenchuan earthquake by airborne images, and analyzed its spatial variation
relationship with the earthquake intensity, geological structure, stratum lithology and surface rupture caused by the earthquake.
The house collapse ratio was derived by visually interpreting ADS40 airborne images acquired from May 15 to May 28, 2008.
The results show that the houses were widely damaged in the earthquake-damaged region, especially in Wenchuan County,
Mianzhu City, Shifang City, and Pengzhou City and Wenchuan County which experienced the severest damage. We analyzed
the spatial variation of the house collapse ratio and its relationship with earthquake intensity, geological structure, stratum
lithology and surface rupture caused by earthquake. The results demonstrate that the house collapse ratio and the earthquake in-
tensity have positive relationship, and the ratio of house collapse is controlled by the geological structure, stratum lithology, and
building structure too. The house collapse ratios, which are above 50%, mainly distributed along the surface rupture in a SW to
NE direction.
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1 INTRODUCTION

The condition of houses collapsed by the earthquake reflects
the damage intensity of earthquake, and is the important infor-
mation to assess the losses of life and property in the earth-
quake-hit area. The collapsing house is referred to completely
or partially damaged houses which can not be repaired in this
paper. It is easy to recognize the collapsing houses in aerial
images with the high spatial resolution directly although the
damaged degree of houses can not be identified. Many investi-
gations have demonstrated that the ratio of collapsing houses
can be obtained by the visual interpretation of aerial images
(Fan et al., 2008; Hasegawa, 2001; Yang, 1993, 1994) and the
computer auto-recognition (Liu, 2004), while the visual
interpretation has shown the great reliability. As the robust
approaches of computer auto-recognition are not available at
present, the visual interpretation of aerial images is still being
mainly applied now although it needs lots of manpower.

The Wenchuan Earthquake with a magnitude of 8.0 struck
Sichuan Province, China on May 12, 2008. Many houses col-
lapsed due to the shallow focus earthquake and large seismic
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intensity, and a heavy loss of life and property was suffered in
the earthquake-hit area. The Chinese Academy of Sciences
established a working group soon after the earthquake, which
aimed to promptly acquire the aerial images and satellite im-
ages, and by interpreting and analyzing of pre- and post- remote
sensing images to provide the information of damage condi-
tions caused by earthquake disasters such as road blocks, house
collapses, secondary geological disasters to the relevant gov-
ernmental rescue officials. This paper demonstrates the disaster
conditions of collapsed house which was one of the results
assessed by the aerial images in the working group, and dis-
cusses the relationships between the spatial variation of house
collapses with the seismic intensity and surface ruptures which
were investigated by the field work after the earthquake and
reported by Chen (2008), Zhang (2008), Xu (2008).

2 INFORMATION OF HOUSE COLLAPSES OBTAINED
BY AERIAL IMAGES

The aerial images with the spatial resolution of 0.5m were
obtained from May 15 to May 28, 2008 by ADS40 digital
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sensor boarded on two planes of airborne remote sensing that
the Chinese Academy of Sciences posses. The images covered

14 severely damaged counties or cities in Sichuan Province. Fig.

1 shows the area of aerial images, the population centre of
residential areas in the earthquake-hit area as well as the loca-
tions of residential areas where the collapsing houses were
interpreted.

The data volume of aerial images, which covered the large
area as shown in Fig.1, is about 2Tbytes. As there is not an
effective method of computer auto-recognition for collapsing
houses in the large area using the massive aerial data available,
the visual interpretation of aerial image by human-computer
interaction was adopted to assess the condition of collapsing
house in the working group. The ratio of collapsing house were
respectively derived over the densely populated area in the
anterior mountain plains and the total disaster area of 14 coun-
ties with the following methods based on the visual interpreta-
tion of collapsing houses status in 0.5m aerial images.

Method 1: Visually estimating the ratio of collapsing houses
for the densely populated area in the anterior mountain plains

For regions with dense populations including Pengzhou,
Shifang, Mianzhu and Anxian which locations of population
centre are shown as the orange color points in Fig.1, we
sketched out the polygons of residential blocks and visually
estimated the ratio of collapsing houses occupied over each
polygon. The ratio of collapsing houses ranges from 0% to
100% by 10% increments. The result is shown in Fig.2.

Method 2: Spatial distribution of the house collapses over

large disaster area based on the approaches of sampling and
interpolating

There are the residential areas over 40 thousand points in-
cluding cities, townships and villages in the cover area of aerial
images. If we interpreted the house collapses for the total of
population regions, it should be impossible to get the informa-
tion of disaster situation for collapsed house in short time.
Therefore we chose 101 bigger residential areas within the 14
counties as the samples shown as dark red color in Fig.1. The
collapsed and non-collapsed houses were visually interpreted
within a 1km x 1km area around the center of each town in the
aerial images. The house collapse ratio was calculated as the
ratio of the collapsed houses area to the sum of interpreted col-
lapsed and non-collapsed houses areas. Furthermore, the spatial
distribution of house collapse ratios was derived by interpolat-
ing the house collapse ratios of 101 samples into raster data
with 70 m grid using the inverse distance weighted method.

Method 1 is faster than Method 2 for the same area because
the interpretations of collapsed and non-collapsed houses need
longer time. However it can be inferred that the collapse ratio
of the Method 2 is more accurate because the ratio of collapsing
houses statistically calculated by the visual interpretation of
collapsed and non-collapsed houses is more confident than
visually estimating the ratio of collapsing houses directly. In
order to quickly evaluate the damage degree of house collapsed,
we adopted directly visual estimation of collapse ratio for the
regions with dense populations located in the anterior mountain
plains in the earlier stage of assessing earthquake disaster. The
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Fig. 1 Cover area of aerial image and the residential areas of visually interpreted collapsed house in the disaster area of the Wenchuan earthquake
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Fig. 2 Spatial variation of house collapse ratio in the counties of piedmont plain

overall situation of house collapses was evaluated by interpo-
lating the ratios of collected samples which collapse ratios were
derived from the statistics of visually interpreted collapsed
houses and non-collapsed houses for the post-earthquake re-
construction plan in the later stage of our working. Comparing
the collapse ratios with two methods in the same region, it was
found that their difference is less than 5% as the collapse ratios
is above 50%, but the difference is from 5% to 10% as the rang
of collapse ratios is between 20% and 50%, that may be af-
fected by the un-certainty of visually estimation of the collapse
ratio in Method 1.

3 RESULTS AND DISCUSSION

3.1 Spatial variation of collapse ratio for the densely
populated area in the anterior mountain plains

The degree of house damage caused by earthquake is deter-
mined by earthquake intensity, the features of the site media for
seismic wave propagation, and the earthquake-resistant capabil-
ity of the building structure. The earthquake intensity is a con-
stant value for an earthquake. But the features of the site media
for seismic wave propagation are influenced by the terrain,
stratum lithology, geological structure, and hydrology, etc. The
earthquake-resistant capability is related to the building struc-
tures and types, house foundation, and the construction quality.
The lithology in the anterior mountain plains is mainly the qua-
ternary floodplain sediments which stratum is loose, where the
population is very dense across Pengzhou City, Shifang City,
Mianzhu City and Anxian. Fig. 2 demonstrates the spatial
variation of the house collapse ratio interpreted overlapped with
the Longmen Mountain Fault and lithology map in the anterior
mountain plains.

Based on the analysis of the geographic distribution and its
relationships with geological fault and lithology, the following

features regarding the collapsed houses were found.

(1) The house damage is severest in Mianzhu City.

The houses in many residential areas of Mianzhu city (100
km northeast of the epicenter), including nine towns extending
northeastward from Guangji Town to Gongxin Town, were
almost totally collapsed into a flat surface, which means that
the collapse ratio is over 80%. The house collapse ratio is
higher in the rural areas than in the urban areas, because the
design of the building structure in the countryside did not take
earthquake resistance into consideration. For example, in
Mianzhu City, the house collapse ratio is below 30% in the
towns, but reached over 60% in the countryside.

(2) Effect of the Longmen Mountain Fault and stratum
lithology is significant.

Shifang City and Mianzhu City, located in the center of the
Anxian-Guanxian Fault along the Longmen Mountain Fault,
suffered the severest damage. The degree of house collapses
decreases significantly from the center to the end of the fault
(e.g. Pengzhou City and Anxian). Moreover, some scattered
residential areas along the banks of the Anchang River in
Anxian have a high house collapse ratio. This phenomenon may
be related to the attenuation features of the seismic wave in the
anterior mountain plains and the controlling effect from the
stratum lithology. The stratum lithology in Anxian consists of
sandstones, mudstones, and a mixture of sandstones and mud-
stones in the modern fluviatile deposits.

3.2 Spatial variation of collapse ratio and earthquake
intensity

Fig. 3 shows the spatial distribution of the collapse ratio
overlaid with the earthquake intensity and surface ruptures data.
The earthquake intensity is from the project team of the na-
tional reconstruction plan after the Wenchuan Earthquake,
which was provided by the China Earthquake Administration.
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The data of surface ruptures is referred to the results of field
investigation carried by Xu et al. (2008).

The following results are obtained regarding the overall spa-
tial variation of collapsed houses by Fig.3.

(1) The severest damage occurred in the places close to epi-
center and extended to the north-east, such as Yingxiu Town
and Yingxiu Town in Wenchuan County, Tianchi Town and
Hongbai Town in Mianzhu City, Beichuan County, and Chen-
jiaba Town, where the house collapse ratio is over 90%.

(2) Wenchuan County suffered the most extensive damage.
Most houses in Mianzhu City, Shifang City, and Pengzhou City
suffered house damage with a collapse ratio of over 60%. Be-
cause these cities have high residential density as shown in Fig.
1, it can be estimated that the Wenchuan Earthquake had the
strongest impact on the residents of these three cities.

(3) In the regions 100 km, 150 km, and 300 km northeast of
the epicenter, the houses were widely collapsed. During the
propagation of earthquake wave, the rupture was obstructed,
thus the distribution of the static-slip displacement was scat-
tered. A rupture vacant zone appeared in the obstructed areas.
The spatial distribution of the house collapse ratio in this study
shows a similar spatial variability as the rupture process re-
ported by Chen et al. (2008).

(4) By the field investigation after the earthquake carried by
Xu et al. (2008), it was found that three surface rupture zones

occurred over the Longmensan tectonic belts on eastern margin
of Tibetan plateau in the Wenchuan earthquake, which are
Beichuan—Yingxiu, Hanwan—Bailu and Xiaoyudong. This
earthquake generated a 240 km long surface rupture along the
Beichuan—Yingxiu Fault characterized by right-lateral oblique

faulting. Maximum vertical and horizontal displacements of
6.2m and 4.9m, respectively, were observed along the Bei-
chuan—Yingxiu Fault. It can be seen as shown as Fig.3 that the

collapse ratios are above 60% along the surface rupture zones
of Beichuan— Yingxiu, Hanwan—Bailu and Xiaoyudong.

When statistically analyzing the correlation between the col-
lapse ratio and the displacements as shown in Fig.4, it was
meaningfully found that the collapse ratio tends to increase
with the increment of horizontal displacements, whereas there
is not corresponding relationship between the collapse ratios
with the increment of vertical displacements. It is necessary to
further investigate and verify the relationship between the
horizontal and vertical displacements with collapsed house
shown in Fig.4.

(5) Linear correlation between collapse ratios with earth-
quake intensity was shown. The house collapse ratio from 80%
to 100% corresponding to the earthquake intensity of 11 (XI)
degrees, extends from the epicenter to the northeast, in Yingxiu
Town and Yingxin Town in Wenchuan County, Dabao Town
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and Jingtang Town in Pengzhou City, Hongbai Town in Shifang
City, Tianchi Town in Mianzhu City, Beichuan Town, Chaping
Town, and Chenjiaba Town in Beichuan County, and Nanba
Town in Pingwu County. The spatial distribution of the high
house collapse ratio along a southwest-northeast direction pre-
sents very similar patterns with the earthquake intensity as
shown in Fig. 3. Moreover when their relationship was also
statistically analyzed by the least square method, a linear rela-
tionship between earthquake intensity and house collapse ratio
was revealed with the coefficient of determination above 0.9.
The linear regression equation is

y = 14.664x — 85.218 1)
where x is the earthquake intensity and y is the house collapse
ratio. The correlation coefficient r? is 0.94, standard deviation is
1+5.8. The result was very similar to the Tangshan earthquake
(YYang, 1994) shown in following regression equation:

y =17.205x — 101.86I 2)
where r? is 0.96, standard deviation is +2.96. Their linear re-
gression coefficients are very near although reasons of the
Wenchuan earthquake and Tanshan earthquake are different.
Whereas the relationship between earthquake intensity and
house collapse ratio showed a power function in Japan based on
the statistics of previous earthquakes, and the house collapse
ratio is larger in China than in Japan in the low earthquake in-
tensity. It may be reasons why the anti-seismic design of the
building structure in China has not standards especially in the
consideration.

4 CONCLUSION

The houses in the cities and towns experienced extensive
damages and a large number of people were killed or injured in
the Wenchuan Earthquake of May 12, 2008. The Wenchuan
earthquake had several distinct features, such as a shallow epi-
center, high magnitude of 8.0, and a high earthquake intensity
of 11 (XI) degrees which is almost close to the climax. The
high intensity and strong vibration were the major causes of the
house collapsed.

Compared with the ground investigation, we were able to
monitor the house collapse in a large region using aerial images.
Moreover based on the statistical analysis of correlation be-
tween the house collapse ratio derived by the aerial images and
earthquake intensity reported by the China Earthquake
Administration, it was found that the house collapse ratio
present strong correlation with the earthquake intensity. Our
results agree well with the analysis of the surface rupture
process caused by the earthquake that was performed by
seismologists, which implies that the visual interpretation using
aerial images is effective. And the results indicate that the
earthquake intensity data can be used to give a rough
assessment of the house damaged status based on the linear
relationship between the house collapse ratio and earthquake
intensity in China when high spatial resolution remote sensing
data are not obtained. Moreover by incorporating the images
with the geological data, we can effectively assess the spatial
distribution of house collapse and provide scientific informa-
tion for evaluating the damage conditions and the earthquake
intensity.

The techniques of remote sensing had played a significant
role in assisting the disaster relief and post-disaster reconstruc-
tion in the Wenchuan Earthquake (Li, 2008; Zhang, 2008). The
results of the house collapse assessment shown in this paper
have been used as fundamental data in the project of “Evaluat-
ing on Resources and Environment Carrying Capacity” which
is one of the special projects called for by the National Recon-
struction Plan after the Wenchuan Earthquake.

Concluding our experience of remote sensing application in
the Whenchuan earthquake, it is urgently necessary for (1) deve-
loping the robust method of computer automatic or half auto-
matic recognition of collapsing houses, (2) modifying the func-
tions of visual interpretation and quickly overlapping display
with GIS in the human-computer interaction because the
quickly visual interpretation by experts is indispensable even so
there will be computer automatic recognition available.
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