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Abstract  Two rupture zones of Wenchuan earthquake have been successfully located by an offset-tracking procedure of 
ENVISAT ASAR amplitude images. Accuracy of offset-tracking strongly depends on the quality of image coregistration. In 
order to remove noise caused by coregistration, a combined filter method is proposed to remove noise of estimated offsets. In 
addition, Kriging interpolation is applied to smooth the azimuth displacement offset map. The displacement offset maps of 
azimuth and range show that about 245 km and 60 km in length along Beichuan-Yingxiu fault and Guanxian-Jiangyou fault 
were ruptured by Wenchuan earthquake, respectively. The result of offset-tracking is validated by field observations of China 
Earthquake Administration. 
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1 Introduction  

The MS8.0 Wenchuan earthquake caused great 
damages in Sichuan, Gansu and Shaanxi provinces of 
China. The earthquake broke about 240 km of 
Beichuan-Yingxiu fault, 72 km of Guanxian-Jiangyou 
fault and 6 km of Xiaoyudong fault, with a complex 
thrust-dextral slip mechanism (Xu et al, 2008). Figure 1 
gives the distribution of faults in Wenchuan area, which 
were originally made by Deng et al (2007) and then 
complemented using ETM/TM and SAR intensity im-
ages in this paper. 

Interferometric Synthetic Aperture Radar (InSAR) 
has an advantage of detecting ground displacement with 
high accuracy. However, as for the Wenchuan earth-
quake, because coherence between interferometric im-
ages are lost seriously due to large displacement ampli-
tude along ruptures, InSAR is not helpful to under-
standing the faults directly related to the seismic rupture 
(Ge et al, 2008; Shan et al, 2008; Sun et al, 2008). Thus, 
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in order to reveal the unknown surface displacements of 
the Wenchuan area, some scholars conducted an off-
set-tracking procedure that can detect large ground dis-
placements even in an incoherent area. de Michele et al 
(2010) located the Wenchuan earthquake ruptures using 
PALSAR L-band spaceborne synthetic aperture radar 

 

Figure 1 Fault distribution of Wenchuan area. The faults 
were originally made by Deng et al (2007), and then comple-
mented using ETM/TM and SAR intensity images in this paper. 
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(SAR) amplitude images. A sub-pixel correlation 
method was used to retrieve the coseismic displacement 
field projected into the line of sight of the satellite and 
the horizontal along track direction, and then to map the 
surface ruptures. Kobayashi et al (2009) detected de-
tailed ground displacements in the proximity of the 
Longmenshan fault zone by applying a PALSAR off-
set-tracking method. An elevation-dependent correction 
is indispensable for achieving sub-meter accuracy. 

Unfortunately, ionospheric anomalies are more 
clearly visible in the original azimuth offset field of 
PALSAR, and the swath width of PALSAR strip-map 
image is less than 70 km. Both of them greatly increase 
the estimation errors. In this paper, we locate Wenchuan 
earthquake ruptures using C-band spaceborne synthetic 
aperture radar (SAR) from ASAR sensor onboard the 
ENVISAT satellite, and analyze the geometrical and 
kinematical characteristics of the Beichuan-Yingxiu 
fault and Guanxian-Jiangyou fault. 

2 Data and method 
Offset-tracking procedure is a method to estimate 

the range and azimuth displacement by sub-pixel regis-
tration of two SAR images. We use ENVISAT ASAR 
data on the descending orbital paths 290, 18 and 247 
(Table 1). The obtained data is strip-map image with an 
incidence angle of 22.9°. We process the SAR data from 
original signal or SLC product using the routine imple-
mented in the GAMMA software (Strozzi et al, 2002). 
The follow-up processing is implemented in Matlab. 

Table 1 List of ENVISAT ASAR data acquired in Wenchuan 
earthquake 

Track Data 
a-mo-d 

Pixel size of range 
/m 

Pixel size of azimuth
/m 

2008-03-03 7.8 4 290 
2008-06-16 7.8 4 
2006-11-15 7.8 4 018 
2008-05-28 7.8 4 
2007-11-16 7.8 4 247 
2008-08-22 7.8 4 

 

In this paper the offset fields of azimuth and range 
are generated with a normalized cross-correlation of 
image patches of detected real-valued SAR intensity 
images. The location of the peak of two-dimensional 
cross-correlation function yields the image offset. After 
conducting coregistration between two amplitude im-
ages acquired before and after the earthquake, we divide 
the single-look SAR amplitude images into patches and 

calculate an offset between the corresponding patches 
by a normalized cross- correlation procedure (Kobayashi 
et al, 2009).  

Compared with flat terrain, it is easier to yield 
noise of estimated offsets in an area with complex to-
pography and large displacement. In order to produce a 
displacement offset map, many thousands of locations 
are measured. To distinguish good data from bad ones, a 
large correlation window (512 pixels × 512 pixels) is 
used to reduce the occurrence of bad offset data. Unfor-
tunately, this needs much longer computation times and 
great memory requirements. We estimate the sub-pixel 
offset of the full resolution images with step of 55 pixels 
in range and 472 pixels in azimuth direction, yielding 
approximately 50 000 offsets vectors. Further, to reduce 
noise of the offset estimates, we take the ratio of the 
peak of the correlation function to their average value as 
signal-to-noise ratio (SNR) (Strozzi et al, 2002; Werner 
et al, 2005), and offset estimates with an SNR below the 
designated threshold are rejected for the final fit. Finally, 
polynomial models of range and azimuth offsets are ob-
tained with linear least-squares estimation, i.e., equation 
(1). Once coefficient matrix is determined, a second cri-
terion for rejection of values is based upon the deviation 
between offset estimates and the fitted values, and offset 
estimates with higher deviation will be rejected. 

2 2
offset 1 1 1 1 1 1

2 2
offset 2 2 2 2 2 2

,M M M M M M

M M M M M M

r a r b r a c a d r e a f
a a r b r a c a d r e a f
⎧ = + + + + +⎪
⎨ = + + + + +⎪⎩

 (1) 

where rM and aM are the range and azimuth coordinates 
of the master image, respectively; roffset, aoffset are the 
offsets of range and azimuth. 

The image offsets in the range and azimuth direc-
tions are related to satellite orbit configurations of two 
SAR images, displacement between acquisition time 
intervals of the image pair, and ionospheric effects. The 
orbital offsets are determined by fitting a bilinear poly-
nomial function [equation (2)] to offset fields computed 
globally from the SAR images, assuming no displace-
ment for most parts of the image (Strozzi et al, 2006). 
Once systematic errors have been removed, coarse dis-
placement offsets are generated. Then a simple direc-
tional filter is very efficient in getting rid of the remain-
ing misregistration points, which was originally imple-
mented by Kääb (2005). In this paper an improved 
adaptive directional filter is proposed to further remove 
the remaining noise. A displacement vector map calcu-
lated by coarse displacement offsets of azimuth and 
range is firstly produced before filtering, and then a 
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small filter window (5 pixels ×5 pixels) will be used in 
the coarse displacement vector map. In the 5 pixels ×5 
pixels window, the points with displacement direction 
changing abruptly will be excluded. Additionally, iono-
spheric anomalies are clearly visible in the azimuth off-
set field but hardly visible in the range offset field 
(Wegmüller et al, 2006). Azimuth displacement offsets 
of all points are discrete in the map due to ionospheric 
anomalies (Figure 3a, right), so we smooth the azimuth 
displacement offset map by Kriging interpolation. Fig-
ure 2 gives the processing flow of displacement offset 
map generating. 

 offset 1 1 1 1

offset 2 2 2 2

,M M M M

M M M M

r a r a b r c a d
a a r a b r c a d

= + + +⎧
⎨ = + + +⎩

 (2) 

where rM, aM are the range and azimuth coordinates re-
spectively of the master image; roffset, aoffset are the off-
sets of range and azimuth in areas without displacement. 

 

Figure 2 Processing flow of displacement 
offset map generating. 

3 Results and analyses 
The offset fields generated from coregistering 

real-valued SAR intensity images show an obvious bi-
linear relation (Figure 3a). The points around faults and 
those with low SNR are excluded in order to fit a bilin-
ear polynomial function (Figure 3b). Residual offsets in 
range and azimuth correspond to ground displacement 
along the line of sight and the satellite track, respec-
tively. This yields relative accuracy of 0.4 m in azimuth 
and 0.2 m in range.  

The range and azimuth displacement offset fields 
over the Wenchuan area are shown in Figure 4. In the 
range displacement offset map (Figure 4a), blue and red 
colors represent displacement toward and away from the 
satellite, respectively; while for the azimuth displace-
ment offset map (Figure 4b), blue and red colors repre-

sent displacement toward and opposite to the satellite 
flight direction, respectively. We interpret steep offset 
gradients as the surface expressions of the earthquake 
ruptures. In Figure 4, two sharp color discontinuities are 
highlighted with two solid lines, which are about 245 
km and 60 km, respectively. Solid lines in Figure 4 are 
recognized to be along Beichuan-Yingxiu fault and 
Guanxian-Jiangyou fault, respectively. 

To further interpret the ASAR offset results, two 
profiles across the faults are given on the displacement 
offset maps of range and azimuth, respectively (lines AB 
and CD in Figure 4a, EF and GH in Figure 4b); and 
their plots are shown in Figure 5. EF and AB straddle 
both Beichuan- Yingxiu fault and Guanxian-Jiangyou 
fault on the displacement offset maps of range and azi-
muth respectively, but GH and CD only straddle 
Beichuan- Yingxiu fault.  

By analyzing the four profiles, we come to the fol-
lowing conclusions. 

1) In the range field, there is a strong upheaval 
along the line of sight in the NW side of 
Beichuan-Yingxiu fault, while only a slight upheaval in 
the SE side. A major displacement field is localized 
within a zone not wider than 20 kilometers, and the 
amount of relative displacement near Beichuan-Yingxiu 
fault reaches up to about 5.9 m. Great differences of 
displacement appear between two sides of Beichuan- 
Yingxiu fault, which is the major reason for generating a 
large-scale ruptures zone. In addition, trend of echelon-
ment rising is a typical characteristic from the southern 
side of Guanxian- Jiangyou fault to the northern side of 
Beichuan-Yingxiu fault.  

2) In the azimuth field, the movement in the NW 
side of Beichuan-Yingxiu fault is opposite to the satel-
lite flight direction (red), while that in the SE side is 
toward the flight direction (blue). Moreover, the maxi-
mum displacement in the NW side of Beichuan-Yingxiu 
fault is about 1.5 m in the satellite flight direction, 
which is only a component of horizontal movement. So 
Beichuan- Yingxiu fault is an active fault with a stronger 
dextral strike-slip movement. 

In sum, we have successfully located two rupture 
zones of Wenchuan earthquake by an offset-tracking 
procedure. The results show that about 245 km and 60 
km in length along Beichuan-Yingxiu fault and 
Guanxian-Jiangyou fault were ruptured by Wenchuan 
earthquake respectively, and strong upheaval in range 
direction and horizontal movement in azimuth direction 
are discovered along Beichuan-Yingxiu fault. We also 
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draw a conclusion that Beichuan-Yingxiu fault is an 
active fault with a stronger dextral strike-slip movement. 
The results of offset-tracking are validated by field ob-

servations of China Earthquake Administration (Xu et al, 
2008). Our results complement a broader view of the 
rupture observations. 

 

Figure 3 (a) Estimated offsets of track 290_range (left) and track 290_azimuth (right); (b) Non-coseismic components of 
track 290_range (left) and track 290_azimuth (right) estimated from the points far away from coseismic areas. 

 

Figure 4 (a) Displacement offset map in the range direction (blue and red colors represent displacements toward and away 
from the satellite, respectively); (b) Displacement offset map in the azimuth direction (blue and red colors represent dis-
placements toward and opposite to the satellite flight direction, respectively). 
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Figure 5 Plot of line EF (a) and line GH (b) on range displacement offset map as well as plot of line 
AB (c) and line CD (d) on azimuth displacement offset map. 
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