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The magnitude M
w

 = 7.8 earthquake that 

struck China’s Sichuan region on 12 May 2008 

(Figure 1a) has been imaged by the Italian 

Space Agency’s (ASI) Constellation of Small 

Satellites for the Mediterranean Basin Obser-

vation  (COSMO)- SkyMed radar Earth observa-

tion satellites. Five images were available—

two preseismic spotlight mode images and 

three strip- map mode images, two of which 

are preseismic and one of which is postseis-

mic. We used two strip-map images (acquired 

1 month prior to and 3 days after the earth-

quake) to generate the first ever X-band (i.e., 

microwave frequency domain, corresponding 

to about 3- centi meter wavelength) coseismic 

interferogram, which clearly shows part of the 

strong ground deformation caused by the 

fault dislocation. We also performed a change 

detection analysis of the same data that high-

lighted several changes in the radar response, 

presumably due to strong seismic damage, as 

far as 80 kilo meters away from the epicenter.

The COSMO-SkyMed system is a constellation 

of four satellites (two are already in orbit, the 

first of which was launched in June 2007), devel-

oped to provide fast, meter- level- resolution, 

all-weather imagery for disaster management 

(http://www.asi.it/ SiteEN/ MotorSearchFullText 

.aspx ?keyw = cosmo -skymed +sito). The system 

hosts a flexible, multimode X-band synthetic 

aperture radar (SAR), with right and left look-

ing imaging capabilities, an incidence angle 

range of 20°–60°, and a minimum revisit time 

of 12 hours.

Sichuan Earthquake Coseismic Effects 
From COSMO-SkyMed

On 12 May, immediately after the main 

shock, the Italian Department of Civil Protec-

tion requested that ASI program the system 

to acquire new images over the Sichuan 

region, using strip-map (swath 40 kilo meters 

wide, ground resolution 3 meters) and spot-

light (swath 10 kilo meters, resolution 

1 meter) modes (http:// www.asi.it/ SiteEN/ 

MotorSearchFullText .aspx?keyw = cosmo

 -skymed+sito). Two spotlight images were 

acquired only a few hours after the earth-

quake, but there were no pre-event matching 

spotlight images. However, three strip-map 

images had already been acquired in the 

epicentral area, thus giving the possibility to 

compare pre-event and postevent data.

We applied differential SAR interferom-

etry  (DinSAR) [Massonnet et al., 1993] to a 

strip-map image pair (specifically, 13 April 

and 15 May) to measure the coseismic 

ground deformation due to the fault slip. We 

calculated an interferogram with a reduced 

spatial resolution of 36 × 36 meters, to 

enhance the signal-to-noise ratio, and used 

the 90- meter Shuttle Radar Topography Mis-

sion digital elevation model [Farr et al., 

2007] to remove the topographic phase 

component. The interferogram shows eight 

fringes (i.e., phase cycles) trending approxi-

mately east-northeast/west-southwest, each 

representing a ground displacement of 

1.5 centi meters, for a total ground displace-

ment from south to north of approximately 

12 centi meters (Figure 1b). The displace-

ment is measured along the satellite line of 

sight (LOS) (i.e., from east-northeast to 

west-southwest, ~45° from the vertical). It 

indicates that the northern part of the 

image moved toward the satellite with 

respect to the southern part.

The limited coverage of the image does 

not allow inversion of the observed dis-

placement to model the fault dislocation. 

We used the slip distribution obtained by 

the analysis of broadband seismic data 

(http:// earthquake.usgs.gov/ eqcenter/

eqinthenews/ 2008/ us2008ryan/finite_fault

.php) to calculate the expected coseismic 

displacement. We then projected the simu-

lated deformation in the COSMO- SkyMed 

LOS, and calculated the synthetic differen-

tial interferogram shown in Figure 1b. 

Although the interferogram covers a small 

area within the displacement field, the syn-

thetic and observed fringes are in good 

agreement.

Future interferometric COSMO- SkyMed 

acquisitions (Figure 1a) will allow for cov-

ering a continuous strip of land perpendic-

ular to the fault strike. Further data also 

will be provided in the near future by 

other SAR satellites (the European Space 

Agency’s European Remote Sensing Satel-

lite (ERS) and Environmental Satellite 

(Envisat) and the Canadian Space Agency’s 

Radarsat at C-band; and NASA’s Advanced 

Land Observation Satellite  (ALOS) at 

L-band). We expect that the integration of 

these data sets—obtained at different 

times and with different SAR wave lengths, 

incidence angles, and resolution—will 

help define a more accurate inverse model 

of the fault dislocation. For instance, using 

scalar displacements observed under four 

or more different incidence angles may 

allow resolution of the three-dimensional 

ground movement, reducing the ambigui-

Ground Deformation Imagery 
of the May Sichuan Earthquake
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Fig. 1. (a) Epicentral area of the 12 May 2008 earthquake. The red star is the epicenter, and the 
black line is the approximate seismogenic fault trace. Blue squares show the acquired COSMO-
SkyMed frames. (b) Synthetic interferometric fringes obtained from modeling the seismic data with 
the overlapping COSMO-SkyMed differential interferogram. (c) Change image (result from preearth-
quake and postearthquake image difference) of an industrial area in Chengdu city. Red indicates 
presumed damage. (d) The detail (white box in Figure 1c) shows a presumably collapsed bridge.
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ties in the model solutions [Wright et al., 

2004].

The pairing of pre-event and postevent 

strip-map images allowed for the fast gener-

ation of a reconnaissance map showing pre-

sumed strong damage to man-made struc-

tures. Such maps, albeit preliminary, are 

highly valuable in the aftermath of large dis-

asters, helping to effectively direct the res-

cue missions. A change image approach 

(pre-event and postevent image backscattering 

variation) has been applied [Stramondo 

et al., 2006] to the radar intensity, and some 

strong changes in the city of Chengdu, 

located approximately 80 kilometers from 

the earthquake epicenter, have been pointed 

out.

Figures 1c and 1d show some details of 

the presumably damaged structures at a 

pixel scale of 6 × 6 meters. The differ-

ences between the pre-event and post-

event images are striking and affect 

mainly bridges along motorways and 

large buildings. Furthermore, when addi-

tional high-resolution SAR and optical 

data sets are made available, more 

sophisticated feature extraction tech-

niques [Stramondo et al., 2006] can be 

used to improve the accuracy of damage 

assessment.

Even in its present partial configuration, 

 COSMO- SkyMed has successfully demon-

strated the ability to acquire, within a very 

short time period, high-quality images of 

disaster areas, which are useful for crisis 

management and scientific research.

Damage Detection in Urban Areas 

From COSMO-SkyMed

The first COSMO- SkyMed satellite became 

fully operational in June 2008, and by 2009 

the system will progressively reach its com-

plete monitoring capacity with all four satel-

lites. For the most effective use of  COSMO 

imagery in disaster applications using the 

assessment of changes between pre-event 

and postevent conditions, a background 

data acquisition policy will need to be 

devised to acquire and archive, on a routine 

basis, imagery with the same geometry and 

resolution over selected disaster-prone areas 

worldwide.

ASI is presently funding several large 

research projects to exploit the potential of 

COSMO- SkyMed imagery for the study of 

natural phenomena including earthquakes, 

volcanoes, landslides, floods, and oil 

spills. The goal is to transfer the scientific 

knowledge developed through “off-line” 

modeling of these phenomena into opera-

tional systems able to generate quasi-

real-time information useful for scenario 

assessments. The high flexibility of the 

COSMO- SkyMed SAR sensor was originally 

designed mainly for disaster reconnais-

sance and assessment, and the Sichuan 

earthquake was its first test.

Acknowledgments

This activity has been carried out in the 

framework of the Sistema di Osservazione 

Spaziale per la Gestione del Rischio Sis-

mico (SIGRIS) ASI project I/024/07/0. We 

thank the SIGRIS team (C. Brunori, S. Atzori, 

C. Tolomei, E. Trasatti, and C. Kyriakopoulos) 

for support. The Italian Department of Civil 

Protection’s prompt response made it 

 possible to program  COSMO acquisition 

over the Sichuan earthquake.

References

Farr, T. G., et al. (2007), The Shuttle Radar Topog-
raphy Mission, Rev. Geophys., 45, RG2004, 
doi:10.1029/2005RG000183.

Massonnet, D., M. Rossi, C. Carmona, F. Adragna, G. Pelt-
zer, K. Feigl, and T. Rabaute (1993), The displacement 
field of the Landers earthquake mapped by radar 
interferometry, Nature, 364, 138–142.

Stramondo, S., C. Bignami, M. Chini, N. Pierdicca, and 
A. Tertulliani (2006), Satellite radar and optical 
remote sensing for earthquake damage detection: 
Results from different case studies, Int. J. Remote 
Sens., 27(20), 4433–4447.

Wright, T. J., B. E. Parsons, and Z. Lu (2004), Toward 
mapping surface deformation in three dimen-
sions using InSAR, Geophys. Res. Lett., 31, L01607, 
doi:10.1029/2003GL018827.

—SALVATORE STRAMONDO, MARCO CHINI,  STEFANO 
SALVI, and CHRISTIAN BIGNAMI, Istituto Nazionale 
di Geofisica e Vulcanologia (INGV), Rome, Italy; 
E-mail: stramondo@ingv.it; SIMONA ZOFFOLI, Agenzia 
Spaziale Italiana, Rome, Italy; and ENZO BOSCHI, 
INGV

Honors
Robert Detrick has been appointed 

director of the Division of Earth Sciences of 

the U.S. National Science Foundation’s 

(NSF) Directorate for Geosciences. Detrick, 

currently a senior scientist and vice presi-

dent for Marine Facilities and Operations at 

Woods Hole Oceanographic Institution, will 

begin his NSF position on 3 November 2008. 

Detrick is a geophysicist and seismologist 

whose research has focused primarily on 

the structure and evolution of oceanic 

crust; the size, depth, and physical proper-

ties of ridge crest magma chambers; and 

the effect of hot spots on the thermal evolu-

tion of the lithosphere. Detrick is an AGU 

Fellow and former president of AGU’s Tec-

tonophysics section. 
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Karen L. Von Damm, 53, 15 August 

2008, Fellow, Marine Geochemistry, 1980

G E O P H Y S I C I S T S

PAGE 342


