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Conventional Interferometric Synthetic Aperture Radar (InSAR) technology can only measure one-dimensional surface dis-
placement (along the radar line-of-sight (LOS) direction). Here we presents a method to infer three-dimensional surface dis-
placement field by combining SAR interferometric phase and amplitude information of ascending and descending orbits. The
method is realized in three steps: (1) measuring surface displacements along the LOS directions of both ascending and de-
scending orbits based on interferometric phases; (2) measuring surface displacements along the azimuth directions of both the
ascending and descending orbits based on the SAR amplitude data; and (3) estimating the three-dimensional (3D) surface dis-
placement field by combining the above four independent one-dimensional displacements using the method of least squares
and Helmert variance component estimation. We apply the method to infer the 3D surface displacement field caused by the
2003 Bam, Iran, earthquake. The results reveal that in the northern part of Bam the ground surface experienced both subsi-
dence and southwestward horizontal movement, while in the southern part uplift and southeastward horizontal movement oc-
curred. The displacement field thus determined matches the location of the fault very well with the maximal displacements
reaching 22, 40, and 30 cm, respectively in the up, northing and easting directions. Finally, we compare the 3D displacement
field with that simulated from the Okada model. The results demonstrate that the method presented here can be used to gener-
ate reliable and highly accurate 3D surface displacement fields.

InSAR, amplitude matching, azimuth offset, three-dimensional surface displacement, Bam earthquake
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Interferometric Synthetic Aperture Radar (InSAR) has at-
tracted the attention of the research communities of geodesy
and geophysics in recent years. The advantages of InSAR,
e.g., wide spatial coverage, high spatial resolution, competi-
tive accuracy and no need for field work, make it one of the
best methods for measuring co-seismic surface displace-
ments. In 1993, Massonnet et al. [1] first estimated the dis-
placement field caused by the Lands earthquake (28 June
1992) from the ERS-1 satellite SAR images. The results
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agreed very well with those obtained from GPS measure-
ments. Since then, InNSAR has been used widely for study-
ing ground deformations associated earthquakes. However,
in most studies only single-orbit SAR phase data are ex-
ploited, and this could only provide information on
one-dimensional surface displacements along the LOS of
the radar instead of the three-dimensional (3D) surface dis-
placements desired for earthquake studies [2]. Some meth-
ods have been proposed to solve the problem. Wright et al.
[3] resolved the 3D co-seismic surface displacements of the
Nenana Mountain earthquake (23 October 2002) by com-
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bining interferograms acquired in four different viewing
geometries. Gudmundsson et al. [4] created 3D surface mo-
tion maps of Southwest Iceland by fusing InSAR and GPS
data. Fialko et al. [5] used radar image azimuth offsets and
interferometric phases in deriving a 3D co-seismic surface
displacement map of the 1999 Mw=7.1 Hector Mine earth-
quake. In China, Sun et al. [6] estimated the 3D co-seismic
displacements of the 2003 Bam earthquake by combining
the Okada model and ASAR data from both ascending and
descending orbits. The amplitude matching method, first
proposed by Michel and Avouac [7] in the study of the
Landers earthquake, can estimate surface displacements in
both range and azimuth directions. Although its accuracy is
not as good as that of InSAR, the amplitude matching
method can better resist the effects of decorrelation and can
provide information on the azimuth displacements that are
not measurable by InSAR. The amplitude matching method
is especially suitable for monitoring large displacement
fields caused by earthquakes.

On 26 December 2003, an Mw=6.5 earthquake occurred
in Bam City, Iran. The flat terrain, dry climate condition,
and sparse vegetable distribution in Bam make it an ideal
spot for radar interferometry experiments. We therefore
choose this earthquake as our research focus. Iran is located
between the Arabian and the Eurasian plates, and has ex-
perienced sharp shortening as a result of the convergence of
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the two plates [8]. Bam is located in the southeast of Iran,
50 km east of the Gowk fault (Figure 1). Three Mw>6
earthquakes have occurred along the Gowk fault in the past
20 years, but no earthquake up to the magnitude of the 2003
one had occurred in Bam in the past 2000 years [6]. It is
fortunate that the earthquake was imaged by the ENVISAT
satellite from both the ascending and descending orbits.
This offers a great opportunity to study the co-seismic dis-
placements and the source parameters of the earthquake
with the data.

Considering that the Bam earthquake has caused great
surface displacements and no other suitable data, e.g., GPS
and leveling, are available for this study, we integrate In-
SAR and the amplitude matching methods to study the sur-
face displacements induced by the earthquake from both the
ascending and descending SAR images. First, we estimate
the co-seismic displacements along the two different LOS
directions of the ascending and descending orbits with in-
terferometric phases. Second, we measure the co-seismic
displacements along the two different azimuth directions of
the ascending and descending orbits with pre- and post-
seismic SAR amplitude data. Finally, the method of least
squares and Helmert variance component estimation are
applied to combine the above four independent displace-
ment vectors to estimate the complete three-dimensional,
i.e., the up, northing and easting, surface displacement
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Figure 1 Shaded relief map of Bam, Iran and the frames of the ascending and descending ASAR images used for the study. The star represents the position
of the epicenter. The blue line represents the Gowk fault. The interferogram in the descending orbit covers the whole area affected by the earthquake while
that in the ascending orbit covers only the right half of the area. The topographic map is the conjunction of four 1°x1° SRTM data patches.
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components caused by the Bam earthquake.

Concerning the Bam earthquake, Fialko et al. [9] and
Funning et al. [10] have respectively done similar research
in 2005. In this paper, the Helmert variance component es-
timation is introduced for the first time to combine the dis-
placement vectors in different directions for improving the
estimation accuracy of the 3D displacement fields. The ap-
proach of inferring three-dimensional surface displacement
field by combining SAR interferometric phase and ampli-
tude data of both ascending and descending orbits is also
discussed in detail. Finally, we compare the estimated 3D
displacement field with that simulated from the Okada
model [11]. The results demonstrate that the method pre-
sented in the paper can be used to derive highly accurate 3D
surface displacement fields caused by earthquakes.

1 3D co-seismic surface displacement field of
Bam earthquake derived from SAR data

1.1 Determination of co-seismic displacements along
the LOS directions from SAR interferometric phases

The FEuropean Space Agency (ESA) provided seven
ENVISAT ASAR images that are related to the Bam earth-
quake, among which three are in the ascending orbit (one
for pre-seismic and two for post-seismic) and four in the
descending orbit (two for pre- and two for post-seismic). In
this study, two pairs of images in ascending and descending
orbits respectively are chosen for interferometric analysis
based on their baselines (Table 1).

The ENVISAT satellite was launched in 2003 with a C
band SAR sensor onboard. The incident angle of the sensor
ranges from 15° to 45° and the satellite revisit period is 35
days. The standard SAR image covers a region of 100
kmx100 km with spatial resolutions of 4 m in azimuth and
20 m in range directions [12]. GAMMA software is used to
process the SAR data. For each pixel in an interferogram, its
interferometric phase Ag can be written as:

Ap=k-21 + A@ye, + A%)po
+A¢)ﬂat +A¢atmo +A¢n0ise’ (1)

where k is the integer ambiguity; A@ger, is the phase of sur-
face deformation; A@yyp, is the topographic phase; Agpy is
the flat-earth phase; A@,mo is the atmospheric phase; and
A@yoise 18 the phase noise.

The ascending and descending images are processed fol-
lowing the procedure of co-registration, resampling, inter-

Table 1 SAR data used in the study
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ferogram formation, and flat-earth phase removal. Precision
orbits provided by the Delft University of Technology are
adopted in the process to improve the accuracy of image
co-registration and flat-earth phases removal [13]. Multi-
looking operation with 10 pixels in azimuth and 2 pixels in
range is applied to reduce the phase noise. This results in a
final spatial resolution of 40 mx40 m for each interferogram.
The improved Goldstein filter [14] is applied to filter the
interferograms for reducing the phase noise further. As the
climate condition in Bam is very dry and the atmospheric
effect is subtle, we choose to ignore A@,u,, as the other re-
searchers have done [9, 10]. The phases are then unwrapped
with the branch-cut algorithm [15] to determine the integer
ambiguity k. At this stage, only A@eto, A@ropo and part of the
phase noise remain in Ag.

Subtracting A@yp, from Ag@ can be achieved with the
two-pass, three-pass or four-pass approaches. In the
two-pass approach, the topographic phases are simulated
from external DEM and removed from the interferometric
phases. As the approach needs the least SAR images, it is
commonly used in practice. The accuracy of this approach
is primarily dependent on the accuracy of the external DEM
oh and the perpendicular baseline B.[16]:

Oh
Rsin @

OR =

By, @)

where @ 1is the radar incident angle; and R is the slant range.
Considering the perpendicular baselines of the two inter-
ferograms chosen in this study are both very small (Table 1),
we apply the two-pass approach to remove Ag@p, The
SRTM data with spatial resolution of about 90 mx90 m is
used as the external DEM. The nominal elevation accuracy
of the SRTM data is 16 m [17]. This can cause 0.1 and 0.03
mm deformation errors for the ascending and descending
interferograms respectively based on eq. (2). The errors are
therefore negligible.

To match the SRTM data to the SAR images, we trans-
form the SRTM data from WGS 84 to the SAR coordinate
system. Then we interpolate the SRTM data to the spatial
resolution of SAR interferogram and simulate the topog-
raphic phases from the interpolated SRTM data. The dif-
ferential interferograms can be obtained by subtracting the
simulated topographic phases from the original interfero-
grams. Figure 2 shows the differential interferograms from
the ascending and descending orbits. Finally, the differential
interferograms are transformed into surface displacements
and geocoded back to WGS 84 coordinate system. The sur-
face displacements caused by the Bam earthquake have thus

Orbit Master (pre-seismic) Slave (post-seismic) Time interval Perpendicular baseline
Ascending 16 November 2003 29 February 2004 105 days 2m
Descending 3 December 2003 11 February 2004 70 days 0.6 m
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been created. Figure 3 shows the surface displacements for
the ascending and descending orbits, respectively. In this
study, the accuracy of the displacements can reach the level
of one centimeter because of the short time interval and
good coherence between the SAR images [10]. However, it
is noteworthy that the displacements are the projections of
the real 3D surface deformation onto the LOS directions of
the ascending and descending orbits. We can find in Figure
3 that great differences exist in the displacement fields de-
termined from data of the ascending and descending orbits.
Therefore, it is concluded that the single orbit interferomet-
ric SAR data cannot reveal the exact surface deformation.

58.4° (E)
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1.2 Determination of co-seismic displacements along
azimuth directions from SAR amplitude data

SAR images contain phase as well as amplitude information.
In the last section, we have applied the SAR phase informa-
tion (interferometric phases) to measure the co-seismic dis-
placements along the LOS directions. In this section, we
will use the SAR amplitude information and the method of
amplitude matching to estimate the co-seismic displace-
ments along the azimuth directions. The data listed in Table
1 will be used again for the study. As a result of surface
deformation and satellite orbit separation, the post-seismic

=3k L

58.35° (E)

Figure 2 Co-seismic interferograms of the Bam earthquake from ascending (a) and descending (b) orbits. Each interferometric fringe represents about 8
cm of relative surface displacements. The black region in (b) is the rupture zone of the earthquake, which reveals the approximate position of the fault [8, 18].
The rupture in this region is so great that serious decorrelation occurs, which makes interferometric measurements in the region impossible [19]. LOS repre-
sents the line of sight direction, and AZ represents the azimuth direction, i.e., the projection of satellite flight path onto ground; the same below.

(N)
29.25°

29.15°4

29.05°4

28.95°

28.85°

58.3° 58.4° 58.5° 58.6°

58.7°(E)

58.15°

58.25° 58.35° 58.45° 58.55° (E)

Figure 3 Surface displacements along the LOS directions of ascending (a) and descending (b) orbits caused by the Bam earthquake. The maximum dis-
placements from the ascending and descending orbit measurements are about 0.14 and 0.30 m, respectively.
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SAR amplitude image will have pixel-by-pixel shift with
respect to the pre-seismic image. The shifts in the directions
of azimuth and range are named as AZimuth Offset (AZO)
and Range Offset (RO), respectively. The accuracy of esti-
mating the offsets with amplitude matching can reach 1/50
of a pixel, equivalent to 7.5 cm in azimuth direction and 14
cm in range direction for ASAR data [20]. It is obvious that
the accuracy is much lower than that of SAR interferometry.
Therefore, the amplitude matching method is not suitable
for monitoring small surface deformations. However, the
method is very useful for measuring large surface deforma-
tions caused by earthquakes, as it can resist the effects of
decorrelation caused by large deformation on one hand and
monitor the deformation in the azimuth direction that is not
measurable by InSAR on the other. Michel and Avouac [7]
demonstrated in the study of the Landers earthquake that the
method of amplitude matching can monitor surface dis-
placements caused by earthquakes with an accuracy of cen-
timeter level. We will use the method of amplitude match-
ing in this study considering that the displacements caused
by the Bam earthquake are large and that the method is sup-
plementary to InNSAR. As the accuracy of range offsets de-
termined by amplitude matching is lower than that of azi-
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muth offsets, we will only use the offsets in the azimuth
direction.

The pre- and post-seismic SAR amplitude images are
processed with coarse co-registration first. The preliminary
offsets in the azimuth directions of the ascending and de-
scending orbits are 12090 and —6183 pixels, respectively.
The offsets are caused mostly by satellite orbit separation.
Based on the results, fine co-registration is carried out to
estimate the total azimuth offset R at each pixel, which
includes two parts:

Rottse=RorictRazos 3)

where R, represents the offset induced by the satellite
orbit separation and R,zo the offset caused by surface dis-
placement along the azimuth direction (referred to as azi-
muth displacement hereinafter). Figure 4(a) and (c) show
the total azimuth offsets for the ascending and descending
orbits, respectively. It is found that the azimuth displace-
ments in the dashed rectangle are distinctly visible although
the orbit offsets are dominant in the results. To separate
Razo from R e, Rorpie Mmust be estimated and eliminated.

As the displacement field caused by the Bam earthquake
is only concentrated in the area near the Bam City and dis-

(*10°)
1.20902

1.20900
1.20898
r 11.20896

F11.208%4

F 11.20892

L 11.20890
1.20888
1.20886

-6183.3
-6183.4

- 4-6183.5

- 1-6183.6

- 4-6183.7

Figure 4 (a) and (c) are total azimuth offsets for the ascending and descending orbits, and (b) and (d) are orbit offsets modeled by biquadratic polynomials

for the ascending and descending orbits (units pixel).
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placements decreased almost to zero in the area beyond 25
km from the epicenter [21], we can safely assume that R
estimated in the relatively stable areas only contain the orbit
offset R,ii- A biquadratic polynomial model is established
to model R,,;; by utilizing the offsets estimated in the stable
areas [22]:

2 2
Rt =ay tax+a,y+azxy+a,x” +asy”, 4)

where x and y are the coordinates in the SAR coordinate
system; a; (i=0, 1, ..., 5) are the polynomial coefficients that
can be estimated with the observation samples and the
method of least squares. Then, the model can be used to
infer the orbit offset R, in the area where deformation
occurred. The Ry, results thus obtained for the ascending
and descending orbits are shown in Figure 4(b) and (d),
respectively. The azimuth displacements Razo can then be
obtained by differentiating Ry from R Figure 5
shows the geocoded R,zo for the ascending and descending
orbits.

1.3 Determination of 3D co-seismic displacement field

We suppose that the 3D co-seismic displacement field of
the Bam earthquake can be represented by three compo-
nents, ry, ry and rg, respectively in the up, northing and
easting directions. Four independent displacement vectors,
i.e., the LOS displacement vector from the ascending orbit
measurements, the LOS displacement vector from the de-
scending orbit measurements, the azimuth displacement
vector of the ascending orbit, and the azimuth displacement
vector of the descending orbit, have been estimated in the

. . A
previous two sections. We denote these vectors as Rj g,

(N)
29.25%7

28.15°1

28.05°1

28.95°1

28.85°1

58.6°

58.7° (E)
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D
RLOS °

Observation equation can be constructed according to the
geometry of the SAR image acquisitions (Figure 6) [3, 5]:

Ry,o and RY,, respectively.

v=U-r-R, (®)]
Rios vios
RD Ty WD
where R = ZOS s r=|y [y v= ZOS is the corre-
Ryzo0 ry Vazo
Rgzo Von

sponding observation error vector; and
U=

cos @, —cos(aA —37”] sing, —sin [aA —%t}sin 0,

cos 6, —cos(aD —371[) sin ), —sin(aD —%t)sin op
0 sin| a L —cos| a L
) )

0 sin| —3—n —cos| o —3—n
b b

is the projection matrix, where a4 and ap are the azimuth
angles for the ascending and descending orbits, 346.5° and
193.5° respectively for this study; 6, and ap are the
pixel-based radar incident angles for the ascending and de-
scending orbits, respectively. As the displacement field
caused by the Bam earthquake only covers an area of about
30 km? and the terrain in the area is very flat, the variations
of the radar incident angle between pixels within the area
did not exceed 1°. We therefore assume that the radar inci-
dent angles of all the pixels are the same and are equal to

58.15° 58.25° 58.35° 58.45° 58.55° (E)

Figure 5 Azimuth displacements of Bam earthquake for ascending (a) and descending (b) orbits estimated from amplitude matching (unit: m).
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Track direction & . u

-2

- Ground range direction

Figure 6 3D geometry of SAR image acquisition. « represents the azi-
muth angle, i.e., the angle between the north and the track direction
(clockwise). The ground range direction is the projection of the LOS onto
ground. a—3m/2 is the angle between the north and the ground range direc-
tion. The arrows indicate the directions of positive displacement.

that of the center pixel in the area, i.e., €,=21.3° and
6p=23.7°. Experiments have verified that the errors from
this assumption are at the sub-millimeter level and do not
affect significantly the accuracy of the 3D co-seismic sur-
face displacement estimation [35, 6].

For each pixel, there are three unknown parameters and
four observations in eq. (5). Under the condition of
weighted least squares, i.e., vIPy is minimum, the 3D
co-seismic surface displacement field can be determined by

F=U"PU)'UPR, (6)

where P represents the weight matrix of the observations. In
earlier research, P has been commonly assumed an identity
matrix, i.e., disregarding the accuracies of the observations.
As the accuracy of SAR interferometry is much higher than
that of amplitude matching, equal weighting of the observa-
tions will certainly affect the accuracy of the 3D displace-
ment field estimation.

To resolve this problem, we divide the observations into

two classes according to their accuracies, i.e. R, =[R{(gs
R]?OS]T and R, = [RQZO,REZO 1". Their corresponding
weight matrices are P; and P, respectively, where P, P,.
Eq. (5) can then be modified into

{v1=U1~r—Rl, 7

v, =U, r—R,,

A D T A D AT,
where v, =[vigg,Vios] » Vo =[Vazo>Vazol ; and
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U, =
3m ) . . 3n ) .
cosd, —cos(aA ey sinf, -sin|a, Y sind,

3n ) . . 3m ) .
cos &y, —cos[aD —Tnjsm@,) —sm(aD —g)smel)

0 sin(aA _3_11) —cos[aA —S—EJ
2 2

0 sin(aD _3_7:) —cos(aD _3_n)
2 2

As the prior variances of R, and R, can hardly be esti-
mated accurately, weight matrices P; and P, cannot be de-
termined accurately before the adjustment. The method of
Helmert variance component estimation is introduced here
to iteratively determine P; and P,. We start with identity
matrices as the initial values of P, and P,, and estimate the
3D surface displacements with the method of least squares.
According to the Helmert variance component estimation
[23], we can get

U2:

0=5"w,, ®)

~ A2 A2 . . .
where 49:[0-01,0'02]T are the estimates of the unit vari-

ances (or variance factors) for R, and R, ; W, =
[v{ Pv;, vy P,v,1"; and
220" PUY ' UTPUY)

+r(UTPUY U PU,)?

(U PU)Y U PU,
WUTPUY U PU,)

w(UTPUY'UTPU,  2-2u(UTPUY'UTPU,)
WUTPUY'U RU,)  +u((UTPU)'U, BU,)

The weight matrices can be determined following

~

Pi =A2;, (=1, 2). )

ool

The weight matrices are replaced by the new ones in egs.
(6)-(9) for iterative computation, i.e., least squares adjust-
ment-Helmert variance component estimation-updating
weight and least squares adjustment, until &(2)1 = &(2)2.
When the final weight matrices Py and P> are deter-
mined, the final 3D surface displacements can be estimated
with eq. (6).

Figure 7 shows the 3D co-seismic surface displacement
field caused by the Bam earthquake estimated with the
above methods. It can be seen from Figure 7(a) that the sur-
face in the northern part of Bam experienced some subsi-
dence, while that in the southern part some uplift. Figure
7(b) and (c) show that southwestward horizontal movement
occurred in the northern part of Bam, whereas southeast-
ward horizontal movement in the southern part. Al-
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Figure 7 3D co-seismic surface displacement field of the Bam earthquake estimated from SAR data: up component (a), northing component (b), and east-
ing component (c¢). The maximum displacements along the up, northing and easting directions are 0.22, 0.40 and 0.30 m, respectively. The black dashed lines
represent the projection of the fault [8, 10, 18] and the white solid line marks the location of a profile that will be extracted for further analysis (unit: m).

though the left part of the surface displacement field cannot
be determined as it is not covered by the SAR images, the
right part of the surface displacement field has been suc-
cessfully retrieved. According to refs. [8, 10, 18], the dis-
placement components in the up, northing and easting di-
rections agree very well with the location of the fault. This
demonstrates that the method of combining SAR interfer-
ometric phase and amplitude information can determine
accurately surface displacement fields. However, the results
also show that in the northing direction there is still some
noise (Figure 7(b)), while in the up and easting directions
the displacement results are very clean (Figure 7(a) and (c)).
The reason for this phenomenon is that the ENVISAT satel-

lite flies nearly in the north-south direction (with a deviation
of about 12°), which makes SAR interferometry insensitive
to the surface displacements in the north direction. There-
fore, the surface displacement field along the north direction
is mostly retrieved from the azimuth offsets that have some
intrinsic noises (see Figure 5).

2 3D co-seismic surface displacement field of
Bam earthquake simulated from Okada model

To validate the 3D co-seismic surface displacement field
estimated from SAR data as presented in the last section, we
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Figure 8 3D surface displacement fields of the Bam earthquake simulated from the Okada model and their differences with respect to those estimated from
SAR data. (a), (c), and (e) are the simulated surface displacement components in the up, northing and easting directions, respectively. (b), (d), and (f) are the
corresponding residuals between the simulated and the measured displacement values (unit: m).
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will simulate the 3D co-seismic surface displacement field
based on the Okada model [11] and compare the two inde-
pendent surface displacement fields.

Since the Bam earthquake, many geophysicists have
worked on determining the source parameters of the earth-
quake [8, 10, 18, 24, 25]. After comparative analysis, we
choose the source parameters with a single fault given by
Funning et al. [10] for the Okada model (Table 2). Figure
8(a), (c), and (e) shows the 3D displacement field of the
Bam earthquake simulated from the model. Figure 8(b), (d),
and (f) shows the residuals between the displacement field
simulated from the Okada model and that estimated by
combining SAR interferometric phase and amplitude infor-
mation along the up, northing, and easting directions, re-
spectively. The two sets of results agree with each other
very well although some residuals still exist. The results are
also compared in Figure 9 along a profile that is almost par-
allel to the fault. It is seen that the displacements estimated
by the SAR data in the up and easting directions are smooth
and match well with those simulated from Okada model
(with deviations of only several centimeters), whereas the
estimated results in the northing direction are much more
noisy. The results demonstrate that the SAR interferometric
phase can provide much more accurate displacement infor-
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mation than SAR amplitude. Despite the lower accuracy in
the northing direction, the deviation of about 5 cm in the
direction as shown in Figure 9(b) is still within the accuracy
of the azimuth offset method (i.e., 7.5 cm).

Although the general trends of the 3D co-seismic dis-
placement fields estimated from SAR data and simulated
from the Okada model are almost the same, some notable
differences between them do exist. There are several rea-
sons for the differences. First, the simulated displacement
field cannot fully characterize the real one. Second, the ac-
curacy of estimating the azimuth offset from SAR ampli-
tude matching is not high enough. Finally, the phases in the
area of low coherence affect the estimation of the displace-
ments.

3 Conclusions

One of the main limitations of InSAR is that only one di-
mensional surface displacements along the radar LOS direc-
tion can be measured [21] and the displacements in one di-
rection cannot fully reflect the surface deformation under
many circumstances. This paper has presented a method for
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Figure 9 Comparison between the displacements determined from the SAR data and from the Okada model, up component (a), northing component (b),

and easting component (c) along the profile marked in Figures 7 and 8.

Table 2 The source parameters of the Bam earthquake [10]

Longitude Latitude Depth (km) Strike

Dip Rake

Slip (m) Length (km) Width (km)

29.037°E 58.353°N 52 354.4°

83.8°

—-177.6° 2.20 12.0 8.1
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inferring 3D surface displacement fields from combining
SAR interferometric phase and amplitude information of
ascending and descending orbits. The method makes full
use of the deformation information in data from both as-
cending and descending orbits.

The 3D co-seismic surface displacement field caused by
the Bam, Iran, earthquake has been inferred from the pre-
and post-seismic ENVISAT ASAR images of the ascending
and descending orbits. To demonstrate the accuracy and
reliability of the method, we compare the 3D co-seismic
surface displacement field thus obtained with that simulated
from the Okada model. The two sets of results compare well
with each other.

The method presented here is not only suitable for inte-
grating data from ascending and descending orbits, but
should also be useful for integrating SAR data from differ-
ent flight tracks, satellites and radar incident angles. As the
accuracy of estimating offsets from ENVISAT ASAR am-
plitude images is not very high, due mainly to the low spa-
tial resolution of ASAR data [20], the method is only suit-
able for measuring large displacements caused by, e.g.,
earthquakes, volcanoes, and glacier movement. With the
recent release of the 3 mx3 m or even 1 mx1 m resolution
TerraSAR and COSMO-SkyMed SAR data, it is possible to
measure finer scale 3D surface displacements by using the
method presented.
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