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Abstract: At 7:49 am on April 14, 2010, an earthquake (Ms 7.1) originated (33.2°N, 96.6°E) near Jiegu Town, Yushu Tibetan
Autonomous Prefecture, Qinghai Province, China. After the earthquake, we analyzed the geological structure of the disaster re-
gion based on the “Beijing-1” images. Using the aerial images after earthquake with high resolution (0.4m) and SPOT or-
tho-images, we monitored urgently the disaster situation, including the damage degree of the buildings, the damage degree of the
lifelines, the field disasters and the secondary disasters. The result could provide the important basis for emergency management

and rescue mission.
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1 REMOTE SENSING APPLICATION IN EARTH-
QUAKE DISASTER

Earthquake is one of the major natural disasters in China. In
particular, the sudden, devastating disaster caused by a strong
earthquake will bring great harm to life and property. But the
occurring time and location of the earthquake still can not be
predicted timely and accurately before the earthquake, so that
active defense measures should be taken to reduce the disaster
degree. Therefore, rapid and comprehensive access to disaster
information after the earthquake is of great significance to carry
out rescue actions and reduce disaster losses.

Remote sensing technology provides a quick effective ap-
proach to access the disaster information and loss after the
earthquake, owing to its advantage of the quick dynamically
all-weather monitoring with large amount of information and a
short update cycle (Wei et al., 2008). Especially with the de-
velopment of the high-resolution satellite sensors and aerial
remote sensing technology (including altitude unmanned aerial
vehicles and other platforms), remote sensing technology has
substantially enhanced its capacity of the rapid access to disas-
ter information.

Some countries, such as Japan and the United States, have
carried out the study and monitoring of the disaster information
after the earthquake based on the multi-source remote sensing
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data that can be rarely affected by the destroy from the earth-
quake (Tahayt et al., 2009; Miyagi et al., 2009; Peltzer et al.,
2001; etc). For instance, Nioki and Furmio (2000) used aerial
remote sensing image to investigate the damage of Kobe
Earthquake in Japan. In Turkey Earthquake, Athens Earthquake
in Greece, Sumatra Earthquake Tsunami in Indonesia, and Haiti
Earthquake, remote sensing technology were used to investigate
and assess the damage situation and the losses after the earth-
quake.

In China, remote sensing technology was introduced to in-
vestigate and assess the damage of earthquake since the mid of
1960’s. With the support of national key scientific and techno-
logical project in the period of the 8th Five-year Plan of China,
aerial photography was carried out to monitor and map the
earthquake damage situation for Xingtai Earthquake in 1966,
Tangshan Earthquake in 1975, Lancang—Gengma Earthquake

in 1988 (Wkei et al., 2008). Based on the analysis to those typi-
cal examples of the destructive earthquakes, the monitoring
methods, grading classification standards and application
technology system on the earthquake damage were developed
using the aerial remote sensing images. It was the first time of
the rapid production to seismic intensity envelope line with
human-computer interaction and Geographical Information
System (GIS). At the same time, the “technical specifications
for earthquake remote sensing survey” was developed. All the
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achievements from the study made the foundation for seismic
monitoring application using remote sensing technology (Zhu
et al., 1998; Wei et al., 2008). The satellite remote sensing data
were firstly used to monitor and evaluate the earthquake dam-
age situation from the Ms 7.6-magnitude earthquake at Nantou
County, Taiwan, in September 2I, 1999 (Wei et al., 2000). Dur-
ing the course of Wenchuan Ms 8.0 earthquake in 2008, the
comprehensive utilization of multi-source remote sensing data
not only timely provided the disaster information and the im-
portant scientific basis for the earthquake emergency rescue,
loss assessment and post-disaster reconstruction layout, but also
accumulated a large number of technical methods and practices
(Fan et al., 2008; Wang et al., 2009; Wei et al., 2008; Wang et
al., 2008, 2009; Chen et al., 2008).

2 EARTHQUAKE URGENT MONITORING PROCE-
SSES USING REMOTE SENSING TECHNOLOGY

After decades of practice and application, there are a lot of
monitoring technology, methods and indicators accumulated on
earthquake damage in China, which were used in Wenchuan
Earthquake and played a big role. In investigation and assess-
ment of earthquake damage, five indicators are needed to be
interpreted from remote sensing images (Wei et al., 2008): the
damage degree of houses and buildings, the damage degree of
structures with a seismic fortification criterion, the damage of
lifeline, the field disasters of earthquake and the secondary
disasters. In the urgent monitoring phase after the earthquake,
the damage degree of houses and buildings, the damage to life-
line engineering and survey of secondary disasters are very
important information and of great significance for the rational
deployment of the rescue force, reducing people’s property
damage, reducing harm from secondary disasters.

In the earthquake urgent monitoring using remote sensing,
manual interpretation, change detection and other methods are
used to analyze and extract the damage indicators from the
remote sensing data with different resolutions and different
spectral information in order to assess the disaster situation.
The main technical processes include: analysis of geological
tectonic and environment background, quick process of remote
sensing data, quick interpretation of damage indicators, rapid
assessment of the disaster situation and rapid mapping using
GIS and remote sensing (Fig. 1).

After the earthquake, the three elements of an earthquake
(epicenter location, magnitude and occurrence time) would be
published by China Earthquake Administrator. Referring to the
three elements, the regional data should be collected, including
the basic data (society, economy, population, roads and etc.)
and remote sensing image before the earthquake. Using those
data, the analysis on the geological tectonic and environmental
background would be made to help understand the background
of the earthquake and evaluate the approximate range of the
hardest hit region, which is the foundation and prior knowledge
of urgent monitoring work. As soon as obtaining the remote
sensing data, the quick process should be carried out, including
geographic coding, image enhancement, image fusion and image
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Fig. 1 Urgent monitoring flow for Yushu Earthquake
based remote sensing

mosaic. Then, combining with prior knowledge and remote
sensing images before earthquake, the damage indicators would
be interpreted rapidly by manual interpretation, edge extraction,
change detection and other methods. The disaster situation
could be investigated and assessed quickly, including the dam-
age degree of housings and buildings, the damage degree of
lifeline and the survey of secondary disasters. Supported by
GIS technology, disaster monitoring results could be mapped,
and the assessment reports be written, which would provide
qualitative / quantitative and intuitive decision basis for the
earthquake emergency rescue.

3 REMOTE SENSING MONITORING OF YUSHU
EARTHQUAKE

At 7:49 am on April 14 2010, an earthquake originated
(33.2°N, 96.6°E) near Jiegu Town, Yushu Tibetan Autonomous
Prefecture, Qinghai Province, China. According to the three
elements of Yushu Earthquake published by China Earthquake
Administrator, we collected the basic data on Yushu Autono-
mous Prefecture and the remote sensing images before the
earthquake (including SPOT-5 ortho-image and “Beijing-1”
data) to make geological tectonic analysis and other infrastruc-
ture work.

After the disaster, two aerial surveys, respectively on April
14,2010, and April 15,2010, were carried out to obtain the re-
mote sensing images with the resolution of 0.4m from the Cen-
ter for Earth Observation and Digital Earth (CEODE), Chinese
Academy of Sciences (CAS). In this paper, we used those aerial
images to carry out urgent monitoring of Yushu earthquake
combined with SPOT ortho-image and “Beijing-1" data.

According to the characteristic of the frame aerial camera
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(such as high geometric, radiometric resolution, high ground
cover overlap), we used a fast process method based on a multi
image auto-matching technology and completed rapidly the
preprocessing of post-disaster aerial images and ensure the
smooth implementation of disaster quick assessment.

3.1 Geological tectonic analysis of Yushu Earthquake

From the figure of Geological tectonic and environment
background for Yushu earthquake based on “Beijing-I" mi-
crosatellite (Fig. 2), it was found that there were several fault
zones in the occurring region of Yushu Earthquake, such as
Ganzi—Yushu active fault zone, Wudaoliang—Qumarlai fault

zone, Ulan Ul Lake—Yushu fault zone. The Yushu Ms7.1
earthquake lied in the Ganzi—Yushu active fault zone with the
distribution of north west—south eastern. This fault zone with

the overall performance of the valley landscape form is a giant
fault zone of Late Quaternary with the characteristic of sinistral
strike-slip and vertical differential activity (Wen et al., 2003).
Ganzi—Yushu fault zone lying at the southern end of the Xijir

Ulan Lake—Yushu fault zone is the northwestward extension of

Xianshuihe fault sensu lato and the northern boundary of the
eastward extrusion of the Sichuan—Yunnan rhombic block of

the Qinghai-Tibet Plateau. Its structure is relatively complex.
According to the difference of its activity characteristic, it can
be divided into three segments: The southern segment is com-
posed of a set of echelon sinistral faults and the fault activity
gave rise to the Ganzi pull-apart basin. The seismc activity is
strong at the Yangiao area. The central segment is mainly char-
acterized by strong strikce-slip movement and a number of
downfaulted basins occur at the north side of the fault. The
north segment, which turns north from Dengke, consists of a
principal fault and a number of feather faults that intersect the
main faults obliquely, with sinistral strike-slip faults predomi-
nating. The downfaulted basins related to the fault are located at
the western side of the fault. The seimic activities are scattered
and weak (Peng et al., 2006). According to the earthquake re-
corder, there have been several earthquakes, but few earth-
quakes with more than magnitude 7 in this fault zone.
According to remote sensing image analysis, combined with
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Fig. 2 Map of geological tectonic and environment background for Yushu Earthquake based on “Beijing-I" microsatellite
(Note: this figure is offered by Twenty First Century Aerospace
Technology Co., Ltd.)
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the local socio-economic development and population distribu-
tion and other basic data, the macroscopical epicenter was lo-
cated in the Ganzi—Yushu active fault, in the southeast of the

instrumental epicenter and in the western of Jiegu Town, which
is the seat of the local government of Yushu County and Yushu
Tibetan Autonomous Prefecture. In the Yushu earthquake re-
gion, population distribution was of relative concentration.
Except in Jiegu Town, the housing and building were scattered
in the valleys (Fig. 3). So it was thought that the main damage
of housings and buildings should be concentrated in Jiegu town,
Yushu County. In Yushu Earthquake region, there were two
main roads of the provincial highway (S308) and the national
highway (G214), and a reservoir dam located in the south, 10.5
km from Jiegu Town, which should be the emphases of lifeline
engineering surveying.

3.2 Damage degree of housings and buildings

For the reason that the earthquake occurred in the Ganzi—

Yushu active fault zone and had foreshock, main shock and
aftershock, it would cause enormous damage to housing con-
struction with lower civil engineering structure. According to
the interpretation and comparative analysis between the
high-resolution remote sensing images before earthquake and
after earthquake, it was found that: the old civil structure hous-
ing almost fell destroyed completely, the texture of which could
not be recognized from the aerial images after earthquake
without the assistance of the images before earthquake (Fig. 4).
A small part of the brick building were collapsed. The other
were uncollapsed but had damage in the structure (Fig. 5). The
texture of brick buildings could be recognized only from the

Fig. 3 Scattered buildings at the westnorth of Jiegu Town

Fig. 4 Remote sensing images of the civil structure housing before
(a) and after (b) the earthquake
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aerial images after earthquake.

According to the interpretation result based on remote sens-
ing images, the overall collapse rate of the housings, buildings
and infrastructure in Jiegu Town was about 60%. The distribu-
tion of housing collapsed was shown in Fig. 6. Taking Victory

Road as the boundary, lower rate of housing collapsed in the
eastern region for locating far away to the Ganzi—Yushu active
fault zone, except for the old civil structure housings. In the
western region of Victory Road, especially in the southern section
(Fig. 6 (a)), the damage was so serious that almost all of the

Fig. 5 Remote sensing images of the brick building before
(a) and after (b) the earthquake

&

(c)

Fig. 6 Map of collapsed housing in Jiegu Town, Yushu County
(a) Region of the south of Jiegu Town; (b) Building of frame construction along the Provincial and county roads; (c) Collapse of housing on the alluvial fan
1 Civil structure housing almost fell destroyed completely; 2 Few brick buildings collapsed; 3 Few civil structure housings collapsed
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Fig. 7 Damage of Heritage in Jiegu Town, Yushu County
(a) Thrangu Gompa; (b) Kyegu Monastey; (c) Gyanak Mani

civil engineering structures housing fell destroyed completely.
Some of the brick building was also collapsed, Many of the
uncollapsed ones suffered serious damage to the structure,
which are difficult to repair. For frame structure, the office
buildings for government and the services buildings along the
provincial and national highway were almost in good condition
(Fig. 6(b)).

From after-seismic aerial images, the interpretation result
showed that the collapse rate of the housings on an alluvial fan
in the west side of Jiegu Town (Fig. 6 (c)) reached up to 86%.
There might be two reasons: (1) In that alluvial fan after years
of weathering, the surface was relatively flat and solid, but the
lower soil had been eroded, so that the structure was not stable
enough. (2) The region was near the fault zone. Therefore, for
the post-disaster reconstruction and the future residential land,
we should keep away from the alluvial fan.

3.3 Heritage damage investigation

Yushu County is located in the beautiful Three Rivers region
and also the Tibetan gathering area. There are many heritage
sites on Tibetan culture in Jiegu Town. Some of the heritage
sites were severely damaged in this earthquake (Fig. 7), as il-
lustrated by interpreting the post-disaster aerial remote sensing
images with the resolution of 0.4 m. The structure of the main
hall at the famous Thrangu Gompa was seriously damaged, and
the subsidiary buildings were collapsed (Fig. 7(a)). The build-
ings at the Kyegu Monastey were partially collapsed, including
the scripture hall (Fig. 7(b)). At the Gyanak Mani, the national
cultural heritage, some buildings were collapsed in the earth-
quake. Three of the eight pagodas had been broken down. The
damage degree of the other pagodas could not be recognized
due to such factors as resolution and imaging perspective impact
(Fig. 7(c)). For the reason of lying more near the fault zone, the
Thrangu Gompa was influenced by the earthquake and had
relatively severe loss.

3.4 Survey of field disaster and secondary disaster

After the earthquake, the field disaster (such as faults, cracks,
collapses, landslides, debris flows and river bank collapse) and
the secondary disaster (such as dammed lakes, cross dam col-
lapse, fires and toxic gas leaking) will directly bring great harm
to the people, the casualties caused by which would be even

more than the earthquake itself if improperly disposed (Wei et
al., 2008). In Wenchuan Earthquake, the disaster once caused a
large number of landslides, debris flow, and dammed lakes
(Wang et al., 2008), which brought a big threat to the people.

But in Yushu Earthquake, for the reason of geological struc-
ture, magnitude and other reasons, we only found some
small-size field disasters and secondary disasters according to
the interpretation result of remote sensing images (Fig. 8). Also,
those field disasters and secondary disasters did neither cause
serious damage to the national highway, provincial highway
and water conservancy facilities, and nor jam the river leading
to dammed lakes.

3.5 Investigation of lifelines and key projects

Within the range of after-seismic aerial images, the interpre-
tation result showed that the provincial highway (S308) and the
national highway (G214) and other main roads were not se-
verely affected and seriously damaged by the earthquake disas-
ter. There were some sections impacted by minor landslides and
seismic subsidence. For example, the landslides covered little
parts of the provincial highway in Fig. 8(a), and seismic subsi-
dence led to part of the national highway collapsed in Fig. 8(b).

Fig. 8 Field disasters of Yushu Earthquake
(a) Landslide; (b) Seismic subsidence

The reservoir dam located in the south, 10.5 km from Jiegu
Town Yushu County, was largely intact (Fig. 9).

4 CONCLUSION

Using high-resolution aerial images after the disaster, com-
bining with the remote sensing images before the earthquake
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Fig. 9 Aerial image for The reservoir dam located in the south,
10.5 km from Jiegu Town

(“Beijing -1” microsatellite data, SPOT orthoimage), we carried
out the urgent monitoring work for Yushu Earthquake, including
the analysis of geological structure, the damage degree of the
housings and buildings, the damage degree of lifelines and the
survey of secondary disasters. According to the investigation
and assessment results, the hardest hit region by the earthquake
lied in Jiegu Town, Yushu County. For the reason that the
earthquake occurred in the Ganzi—Yushu active fault zone and

had foreshock, main shock and aftershock, it caused enormous
damage to housing construction with lower civil engineering
structure, and some damage to some heritages. But the earth-
quake did not cause the large-scale field disasters and secon-
dary disasters, which neither caused serious damage to the na-
tional highway and the provincial highway and water conser-
vancy facilities, nor blocked the river leading to the dammed
lakes.

Acknowledgements: The after-seismic aerial images used
in this paper was offered by the Center for Earth Observation
and Digital Earth (CEODE), Chinese Academy of Sciences
(CAS), SPOT images by the Beijing Spot Image Corp, and
Geological tectonic and environment background for Yushu
Earthquake based on “Beijing-1" microsatellite by Twenty First
Century Aerospace Technology Co., Ltd.

REFERENCES

Chen SR, Ma H J, Fan Y D, Xu F and Lian J. 2008. Road damage
assessment from high resolution satellite remote sensing imagery
in Wenchuan Earthquake. Journal of Remote Sensing, 12(6): 949—
955

Fan Y D, Yan S Q, Wang L, Wang W, Nie J and Zhang B J. 2008. Study

on urgent monitoring and assessment in Wenchuan earthquake.

Journal of Remote Sensing, 12(6): 858—864

Miyagi Y, Ozawa T and Shimada M. 2009. Crustal deformation associ-
ated with an M8.1 earthquake in the Solomon Islands, detected by
ALOS/PALSAR. Earth and Planetary Science Letters, 287(3—4):
385—391

Nioki O and Furmio Y. 2000. Photo-interpretation of building damage
due to earthquakes using aerial photographs, Proc of 12
WCEE,Vol 15:1906,New Zealand Society for Earthquake Engi-
neering

Peltzer G, Crampé F and Rosen P. 2001. The Mw 7.1, Hector Mine,
California earthquake: surface rupture, surface displacement field,
and fault slip solution from ERS SAR data. Earth and Planetary
Science, 333(9): 545—555

Peng H, Ma X M, Bai J Q and Du D P. 2006. Characteristics of quater-
nary activities of the Garz(e)-Yushu fault zone. Journal of Geome-
chanics, 12(3): 295—304

Tahayt A, Feigl KL, Mourabit T, Rigo A, Reilinger R, McClusky S,.
Fadil A Berthier E, Dorbath L, Serroukh M, Gomez F and Ben
Sari D. 2009. The Al Hoceima (Morocco) earthquake of 24 Feb-
ruary 2004, analysis and interpretation of data from ENVISAT
ASAR and SPOTS5 validated by ground-based observations. Re-
mote Sensing of Environment, 113(2): 306—316

Wang S X, Zhou Y, Wei C J, Shao Y and Yan F L. 2008. Risk evalua-
tion on the secondary disasters of dammed lakes using remote
sensing datasets, in the “Wenchuan Earthquake’, Journal of Re-
mote Sensing, 12(6): 900—907

Wang X Q, Wang L, Wang Y, Ding X, Dou A X and Zhang F Y. 2008.
Study on the damage assessment of wenchuan Ms8.0 earthquake
based on remote sensing imagery. Technology for Earthquake
Disaster Prevention, 3(3): 251—258

Wang X Q, Wang L, Zang X H, Ding X, Qiu H, Dong Y F, Dou A X,
Zhang F Y and Liu Z T. 2009. Primary quantitative study on
earthquake damage extracted from remote sensing imagery A case
study of Doujiangyan due to the Wenchuan M 8.0 Earthquake.
Earthquake, 29(1): 174—181

Wei C J, Liu Y L and Wang S X. 2000. Monitoring and evaluation of
“9.21” earthquake damage in nantou, Taiwan based on remote
sensing Remote Sensing in China. Beijing: Press of Earthquake

Wei C J, Liu Y L, Wang S X, Zhang L F and Huang X X. 2008. Inves-
tigation and assessment of damage in earthquake Wenchuan Si-
chuan Quake based on remote sensing. Journal of Remote Sensing,
12(5): 673—682

Wen X J, Xu X W, Zheng R Z, Xie Y Q and Wan C. 2003. Average
slip-rate and recent large earthquake ruptures along the
Ganzi-Yushu fault. Science in China (Series D), 33(Z1):199—207

Zhu B Q, Wei C J and Zhang Y Z. 1998. The quick extracting of earth-
quake disasterr data by aerial remote sensing survey. Journal of
Natural Disasters, 7(1): 34—39



1060 Journal of Remote Sensing

#2010, 14(5)

FEL, Tt A

2 BN, thm S, EEES

E—EEEN: (1979— ), , 2007

E-mail: wanglt@irsa.ac.cn.

1. , 100101;
2. , 100081;
3. 100096
W E: 2010-04-14 7 49 ( 33.2°, 96.6°) Ms7.1
SPOT
( )
KgEiAE:
HESES: TP79 MEkFRER: A
. . 2010. , 14(5):
1053—1066
Wang L T,Wang S X, Zhou Y, Wei C J, Xu L P and Wang A H. 2010. Urgent monitoring and analysis on Yushu Earthquake
using remote sensing. Journal of Remote Sensing. 14(5): 1053—1066
1 1
, 20 60
(
, 2008) “e ->
, , , 1966 1976 1988
( , 2008)
( ) ,
' GIS ,
, ( , 1998; , 2008) 1999-09-2I
) Ms 7.6 ,
(Tahayt , 2009; Miyagi , 2009; Peltzer , 2001) (2000)
Nioki Ogawa  Furmio Yamazaki(2000) 2008 Ms8.0 :
Yr#s H #9: 2010-05-14; 1&1T B #A: 2010-06-07
E£WmAE: ( 1 KZCX2-YW-Q03-07) 863 ( 1 2009AA127101)



1061

( , 2008; C( y
2009; , 2008; , 2008, 2009; ( )
, 2008) , |
2 ]
) 2008
, 5 ( , 2008): , GIS ,
, ( )
3
, , 2010-04-14 7 49
( 33.2°, 96.6°)
Ms7.1
) SPOT 2.5m < i
(1 ,
2010-04-14 2010-04-15
o R =R ) . , 0.4m
o JLab TR > b F a2 S5t AT > TP A
- IR _
o e HU 4 IO ,
o EHeREER AR Rk KU EAAR
* B4R , ,
« AT A o
o 4RI > R TR S| KA R AR
< AR L ,
. El}:ggﬂﬁiﬁﬂ 31
o ek TR e e '
ﬁi&&ﬁjﬁﬁa{] | SRR ST BORE . .
o SR E VA ,
KA ~ (2
o il P 2 - —
o SRl R o B
SR E SN T g S P
« HEIBUR MikiSynpiys
- RHESTS RIF Ms 7.1 _




1062 Journal of Remote Sensing i & 54k 2010, 14(5)

Bl
N . mma7—49 - RRA
| - 2 %5.0—59 — WA
=7 « 12916.0—6.9 :%‘ﬁ
s .ﬁ%ﬁ?i}—ﬂﬁ —{é‘i'ﬁ'
EREEP COHR

, 3 (S308) (G214)
) 10.5km

3.2

) ) ( , 2006)
) Ms 7



1063

@ (D)



1064 Journal of Remote Sensing & &% 4 2010, 14(5)

60%
( 6): 3.3
, ; (7 0.4m )
( 6(a)), ,
' ' ( 7(a); ( 7(b));
, ( 6(b) 8 3 ,
( 6(c)), (

(@) ; (b) ; (c)



1065

(a) ; (b) ;(©)

3.4 10.5km

( , 2008) 2008 ,
( , 2008)
( 8)1
35
, 9
: (S308) (G214)

, 4

, : 8(a)
. 8(b) :

SPOT ,

(@ » (b)



1066 Journal of Remote Sensing

# B F R 2010, 14(5)

O LFAANMERGAEG T RS
o3t oL 5 2 F s sk AL F b o424k, BT R SPOT
PR IR E L E BGA K& AL, PR LR
—FEERBARREFRToNB G =+ —#2 20N
AL R PEAG AT PR/ B) $A4E,

REFERENCES

Chen SR, Ma H J, Fan Y D, Xu F and Lian J. 2008. Road damage
assessment from high resolution satellite remote sensing im-
agery in Wenchuan Earthquake. Journal of Remote Sensing,
12(6): 949—955

Fan Y D, Yan S Q, Wang L, Wang W, Nie J and Zhang B J. 2008.
Study on urgent monitoring and assessment in Wenchuan
earthquake. Journal of Remote Sensing, 12(6): 858—864

Miyagi Y, Ozawa T and Shimada M. 2009. Crustal deformation
associated with an M8.1 earthquake in the Solomon Islands,
detected by ALOS/PALSAR. Earth and Planetary Science
Letters, 287(3—4): 385—391

Nioki O and Furmio Y. 2000. Photo-interpretation of building
damage due to earthquakes using aerial photographs, Proc of
12 WCEE,Vol 15:1906,New Zealand Society for Earthquake
Engineering

Peltzer G, Crampé F and Rosen P. 2001. The Mw 7.1, Hector Mine,
California earthquake: surface rupture, surface displacement
field, and fault slip solution from ERS SAR data. Earth and
Planetary Science, 333(9): 545—555

Peng H, Ma X M, Bai J Q and Du D P. 2006. Characteristics of
quaternary activities of the Garz(e)-Yushu fault zone. Journal
of Geomechanics, 12(3): 295—304

Tahayt A, Feigl KL, Mourabit T, Rigo A, Reilinger R, McClusky S,.
Fadil A Berthier E, Dorbath L, Serroukh M, Gomez F and Ben
Sari D. 2009. The Al Hoceima (Morocco) earthquake of 24
February 2004, analysis and interpretation of data from
ENVISAT ASAR and SPOTS5 validated by ground-based ob-
servations. Remote Sensing of Environment, 113(2): 306—316

Wang S X, Zhou Y, Wei C J, Shao Y and Yan F L. 2008. Risk
evaluation on the secondary disasters of dammed lakes using
remote sensing datasets, in the ‘Wenchuan Earthquake’, Jour-
nal of Remote Sensing, 12(6): 900—907

Wang X Q, Wang L, Wang Y, Ding X, Dou A X and Zhang F Y.
2008. Study on the damage assessment of wenchuan Ms8.0
earthquake based on remote sensing imagery. Technology for
Earthquake Disaster Prevention, 3(3): 251—258

Wang X Q, Wang L, Zang X H, Ding X, Qiu H, Dong Y F, Dou A X,
Zhang F Y and Liu Z T. 2009. Primary quantitative study on
earthquake damage extracted from remote sensing imagery A
case study of Doujiangyan due to the Wenchuan M 8.0 Earth-
quake. Earthquake, 29(1): 174—181

Wei C J, Liu Y L and Wang S X. 2000. Monitoring and evaluation
of “9.21” earthquake damage in nantou, Taiwan based on re-
mote sensing. Remote Sensing in China. Beijing: Press of
Earthquake

Wei C J, Liu Y L, Wang S X, Zhang L F and Huang X X. 2008.
Investigation and assessment of damage in earthquake Wen-
chuan Sichuan Quake based on remote sensing. Journal of
Remote Sensing, 12(5): 673—682

Wen X J, Xu X W, Zheng R Z, Xie Y Q and Wan C. 2003. Average
slip-rate and recent large earthquake ruptures along the
Ganzi-Yushu fault. Science in China (Series D), 33(Z1):199—207

Zhu B Q, Wei C J and Zhang Y Z. 1998. The quick extracting of
earthquake disasterr data by aerial remote sensing survey.
Journal of Natural Disasters, 7(1): 34—39

B o 325 % SRk
, , , , . 2008.
, 12(6): 949—955
, , , , , . 2008.
, 12(6): 858—864
, , , . 2006.
, 12(3): 295—304
, , : , . 2008.
, 12(6): 900—907
, , , , , . 2008. 8.0
, 3(3): 251—
258
. 2000. 8.0 —
,29(1): 174—181
: , , , . 2008,
. , 12(5): 673—682
, , . 2000. <<9.21°”
, , , , . 2003. -
(O ) 33
(Z1): 199—207
, , . 1998.
, 7(1): 34—39



