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Synthetic Aperture Radar (SAR) satellites such as Sentinel-1 or NISAR provide day and night and 
all-weather images of the Earth. These images, which contain information about the interaction 
between the radar signal from the satellite and the ground, are referred to as Single Look Complex 
(SLC) images when they are provided at full resolution. Observing Earth surface changes requires 
at least two SLCs that are precisely aligned or “coregistered” to each other. OPERA will produce 
coregistered SLC (CSLC) data, which are the intermediate level products (L2) required to generate 
the high-level (L3) OPERA Displacement (DISP) products. OPERA CSLCs can be used for a variety 
of applications including mapping the areas that are damaged after a disaster event.
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Working with CSLC Products

Each CSLC image represents the strength and 
the phase of the returned radar signal. The 
strength (or intensity) is primarily determined 
by ground surface properties (e.g. terrain 
slope, surface roughness, and physical 
properties), while the phase is primarily 
determined by the distance from the satellite 
antenna to ground targets and by interactions 
with the atmosphere.
CSLCs are intermediate OPERA products that 
can be used to derive Analysis Ready 
Datasets such as ground deformation and 
surface changes. OPERA will generate CSLC 
products over North America. These products 
will be provided at full spatial resolution and 
will be released to the public via the Alaska 
Satellite Facility Distributed Active Archive 
Center, enabling a wide range of applications 
and flexible data processing and analyses. 

Left: Example of a stack of CSLC products. Upper-right: 
Intensity image of a CSLC data. Lower-right: Phase image of 
a CSLC data.  Credit: Zhong Lu, SMU.
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CSLC images are also utilized to create 
Damage Proxy Maps (DPMs) that are made 
by comparing the correlation of the radar 
images through time. DPMs help highlight 
areas that have experienced significant 
changes in backscattering characteristics 
that result from damages (or ground surface 
change) due to natural and anthropogenic 
sources. The OPERA CSLCs will facilitate 
quick construction of DPMs that will benefit 
rapid response and recovery efforts. 
Moreover, OPERA CSLCs will help advanced 
users to perform specialized SAR analyses 
with flexibility, including user-specific image 
choices, desired spatial resolutions 
(multilooking), and preferred SAR processing 
software. This flexibility will enable a wider 
range of applications that will benefit the 
Earth observation community.
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Comprehensive Products for Expansive Needs
The JPL OPERA project will develop and 
provide three product suites: (1) a near-global 
Dynamic Surface Water Extent Product 
(DSWx) from optical and synthetic aperture 
radar (SAR) data, (2) a near-global Land 
Surface Change Disturbance Product (DIST) 
from optical data, and (3) a North America 
Land Surface Displacement Product (DISP) 
from SAR data. Each of these products will be 
periodically updated to reflect a growing 
archive of regularly acquired data, thus 
supporting and informing hazard monitoring 
and disaster response efforts.

Surface Water Extent: Firth River in Yukon, Canada; 
Credit: USGS/John Jones. Surface Displacement: Lava 
fountaining at Kilauea; Credit:ASI/NASA/JPL-Caltech. 
Surface Disturbance: Firefighting helicopter; Credit: 
UMD/Google/USGS/NASA/Matt Hansen.

*Near-global: all land-masses excluding Antarctica; North America: the United States (USA) and US Territories, Canada within 200 
km of the US border, and all mainland countries from the southern US border up to and including Panama.

OPERA CSLCs can be used to measure ground 
surface deformation, such as motion along faults 
during earthquakes, ground inflation or deflation at 
volcanoes due to the subsurface movement of 
magma, land motion due to groundwater 
extraction or injection, landslide movement due to 
precipitation, and more. This is accomplished by 
inspecting the phase difference of two CSLCs that 
cover the same area-of-interest and span the 
duration of an event (e.g., data before and after an 
earthquake). The phase difference between the 
CSLC images can be related to ground surface 
displacement indicating underlying geophysical 
processes. As the OPERA CSLCs are provided at 
the highest possible resolutions that a radar 
system can offer, they can also be used as 
high-resolution pictures to monitor ground surface 
motion through feature tracking techniques (i.e., 
pixel offset analysis).
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Did you know?
On August 14, 2021, a Mw 7.2 earthquake struck 
Haiti that resulted in high fatalities and massive 
damage to infrastructure. Using before and after 
CSLC images of the earthquake area, (Left) a 
displacement phase map (interferogram) and 
(Bottom) a Damage Proxy Map can be generated 
to measure how much the ground deformed and 
identify areas that possibly experienced major 
damages, respectively. 
The OPERA CSLCs will enable the community to 

generate these derived L3 products.

(Top-left) Displacement phase map, rewrapped to ~10 cm/cycle, from a pair of ascending Sentinel-1 CSLC data. 
Before-event CSLC image: Aug 05, 2021. After-event CSLC image: Aug 17, 2021. Credit: M Grace Bato. (Bottom) 
Damage proxy map from CSLCs acquired by Sentinel-1 during its descending orbit. Before-event CSLC images: Aug 
03, 2021 and July 22, 2021. After-event CSLC image: Aug 15, 2021. Credit: NASA-JPL Caltech/ARIA/EOS


