
Earth: The dynamic planet

Earth is a dynamic planet, constantly 
changing and evolving since its 
formation. Beneath its surface lies a 
powerful convection system that 
drives the movement of tectonic 
plates, giving rise to earthquakes, 
volcanism, and the formation of 
mountains and associated hazards, 
such as landslides.

Today, more than 1 billion people live in 
areas that could be significantly 
impacted by volcanic eruptions, 
earthquakes, and landslides. Along the 
West Coast of North America, there 
are active faults and volcanoes near 
major cities. In mountainous regions, 
there are significant landslide hazards, 

Top-left: Mt. St. Helens’ bulging North flank before the May 1980 
eruption, South Cascade, WA. Bottom-left:  Historic photo after the 
great 1906 San Francisco earthquake. Right: The Mud Creek 
landslide, which destroyed part Highway 1 in California. Image 
Credits: USGS

which may further increase due to extreme rainfall associated with climate change. As the 
population increases, so does society’s vulnerability to geological disasters. Measurements from 
radar satellites can help society prepare and formulate science-based decisions to reduce risk.
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Detecting and Monitoring Geohazards from Space
Earthquakes, volcanic eruptions, and landslides are major geological hazards responsible for 
extensive loss of lives and livelihood as well as for the destruction of properties and 
infrastructures, from both direct and cascading effects. OPERA will provide continuous surface 
displacement products derived from spaceborne radar satellite data that can be used to detect 
and monitor these geological hazards and aid in risk assessment. Using the OPERA displacement 
products, communities can build better response plans and develop mitigation measures with 
their local officials and emergency responders.
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Comprehensive Products for Expansive Needs

How do radar satellites shed light on Earth’s processes?

Geodesy is the science of accurately measuring 
the dynamic surface of the Earth. By monitoring 
the changes in Earth’s size, shape, orientation, 
and microgravity, we can understand natural 
processes that occur — even at depth!

Tectonic plates are constantly moving, 
converging, separating or grinding past each 
other. The boundaries between plates include 
fault zones that can: 1) slowly move or “creep” 
for long time periods or 2) get stuck due to 
friction and accumulate stress. These "locked" 
faults are capable of generating large 
earthquakes. Although it is not yet possible to 
predict the exact timing and location of 
earthquakes, identifying and monitoring locked 
and creeping fault segments are crucial. This 
information will help us prepare not only for 

“the big one”, but will also guide policy makers to 
develop better building codes and guidelines, 
and aid engineers in designing infrastructures.

Volcanic eruptions can cause dramatic changes 
to the Earth’s surface and atmosphere that can 
persist for months or years and extend far 
beyond the volcano itself. Fortunately, most 
volcanoes exhibit precursory signals prior to 
eruptions. Timely detection and analysis of these 
signals allow eruptions to be anticipated and 
communities at risk alerted. One powerful 
precursory signal is ground deformation, often 
linked to the subsurface movement and storage 
of magma and gases. By tracking the movement 
of the ground, scientists can characterize and 
forecast the behavior of volcanoes, including the 
potential magnitude of eruptions.
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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 Yukon; Credit: 
USGS/John Jones. Surface Displacement: Lava boiling 
out of the Kilauea Credit: ASI/NASA/JPL-Caltech. 
Surface Disturbance: Firefighting helicopter. Credit: 
UMD/Google/USGS/NASA/Matthew 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.
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Did you know?
The 2018 Kilauea eruption in Hawaii was the 
largest eruption and caldera collapse 
experienced by the volcano in 200 years. Over 
1.0 cubic kilometer of lava was erupted from 
May to August 2018 covering 35.5 square 
kilometers of land (Neal et al, 2019)! During the 
eruption, scientists used multiparametric 
datasets including InSAR to better understand 
the eruption as it progressed. InSAR can be 
used to monitor the movement of the ground, 
formation of new eruptive fissures, and even 
map the emplacement of lava flows by 
comparing before and after radar images.

InSAR image of the Big Island, Hawaii, from Sentinel-1 
satellite showing how much the ground deformed as a 
result of the 2018 Kilauea eruption. Note that each 
colored fringe represents ~2.8 cm of ground motion.

Time history of displacement at the summit of Kilauea 
from April 05 to August 27, 2018, showing ground 
deformation evolution due to caldera collapse. Left 
Panel: UWD tilt station (triangle) and point sampled to 
create the InSAR time-series (cross).
Right Panel: Reference date (red point), displacement 
from InSAR (green points), displacement from UWD 
tiltmeter (black lines). Credit: JPL/Paul Lundgren.

Like faults and volcanoes, landslides also cause 
changes in the Earth’s surface that can be 
identified and monitored with interferometric 
SAR (InSAR). Some landslides move slowly, 
similar to creeping faults, while others 
accelerate rapidly and travel large distances. In 
both cases, damages to infrastructure or life are 
possible. InSAR can be used to measure these 
slow and/or precursory motions of the ground 
surface and track landslide activity through time. 
This key information will help enable the 
development of best practices and potentially 
lead to new and improved early warning 

systems for landslides. Regularly acquired 
radar satellite data (e.g., currently between 
6-12 days with Sentinel-1) over a given region 
can constrain centimeter-scale deformation 
processes with unprecedented spatial 
resolution, day and night, rain or shine. 
OPERA’s DISP products are derived using 
growing archives of InSAR observations from 
Sentinel-1 A/B and NISAR. These products can 
provide continuous data to the community and 
will enable us to better understand Earth’s 
processes related to volcanoes, earthquakes, 
landslides, and more! 

NASA / JPL-Caltech / ARIA Product
Contains modified Copernicus
Sentinel data (2017)
European Space Agency
Google Earth
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