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The figure above shows is a composite image
from GRACE satellite data showing the gravity
changes for the Sumatra-Andaman earthquake.
(Image courtesy of Shin-Chan Han, Ohio State
University)
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Satellite Data Reveals Gravity Change From Sumatran
Earthquake

For the first time, scientists have been able to use satellite data to detect
the changes in the earth's surface caused by a massive earthquake.

The discovery, reported in the
latest issue of the journal
Science, signifies a new use for
the data from NASA's two
GRACE satellites and offers a
possible new approach to
understanding how earthquakes
work.

The research paints a clearer
picture of how the earth
changed after the December,
2004 Sumatra-Andaman
earthquake, the 9.1-magnitude
temblor in the Indian Ocean
which caused a deadly tsunami
killing nearly 230,000 and
displacing more than 1 million
people.

Centered off the west coast of
northern Sumatra, the event
followed the slipping of two
continental plates along a
massive fault under the sea
floor. The slippage occurred
along 750 miles of the line
where the Indian plate slides
under the Burma plate, a
process called subduction. The
quake raised the seafloor in the
region by several meters for
thousands of square miles.

“The earthquake changed the
gravity in that part of the world
in two ways that we were able
to detect,” explained Shin-Chan
Han, a research scientist in the
School of Earth Sciences at
Ohio State .

First, he said, the quake
triggered the massive uplift of
the seafloor, changing the
geometry of the region and
altering previous GPS (global
positioning satellite)
measurements from the area.
Those changes were detectable
by GRACE's instruments.

And second, the density of the
rock beneath the seafloor was
changed after the slippage, and
an increase or decrease in
density produces a detectable gravity change, Han said.

The GRACE (Gravity Recovery and Climate Experiment) satellites were launched in
2002 and have been gathering global gravity measurements ever since. The identical
instruments orbit some 186 to 310 miles (300 to 500 kilometers) above the planet's
surface and fly 136 miles (220 kilometers) apart.

The satellites can detect changes in the density of the earth's crust, or in GPS
measurements on the ground, and that can now signal changes in the planet's
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Earth's Gravity Scar (May 5, 2005) -- A
new ESA study predicts that the
devastating Sumatran earthquake, which
resulted in the tragic tsunami of 26

December 2004, will have left a 'scar' on Earth's
gravity that could be detected by a ... > full story

Retreating Glaciers Spur Alaskan Earthquakes
(August 3, 2004) -- In a new study, NASA and
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gravity at that point.

Along with colleagues C.K. Shum and Michael Bevis, both professors in the School
of Earth Sciences, Han assembled several years of data covering the Indian Ocean
region and filtered out seasonal variations. The changing flow of the massive
Mekong River, for example, affects gravity measurements for the area and these
annual shifts must be removed from the data to detect changes caused by a quake.

The researchers then plugged the data into the latest seismic computer model which
painted a picture of gravity increases on one side of the fault line and decreases on
the other.

“With this seismic model we were able to explain and interpret the GRACE
observations,” Han said, adding that earthquake models are still evolving. “But the
observations can also be used to validate the quality of the model itself and therefore
improve our knowledge about the solid earth's dynamics.”

The detection of such quakes comes only after extensive data analysis. Real-time
detection is far off in the future – if possible at all. And currently, this GRACE
technique was applied to understand the mechanism of “great” earthquakes – those
exceeding magnitude 9 – which are very rare events.

Detecting “major” quakes – those measuring a magnitude of 7 to 8.9 – which occur
frequently is being investigated. NASA's planned extension of the current mission,
dubbed GRACE 2, and its enhanced instrumentation should aid in that effort.

However, Han is hopeful that NASA's planned expansion of the current mission,
dubbed GRACE 2, and its enhanced instrumentation, might allow the detection of 
“major” quakes – those measuring a magnitude 7 to 8.9 – which occur frequently.

Chung-Yen Kuo, a post-doctoral researcher in the School of Earth Sciences at Ohio
State , and Chen Ji, an assistant professor of earth science at the University of
California, Santa Barbara , both participated in the study. Support for this research
came from the National Aeronautics Space Administration, the National Science
Foundation and the Ohio Supercomputer Center.
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(August 3, 2004) -- In a new study, NASA and
United States Geological Survey (USGS) scientists
found that retreating glaciers in southern Alaska
may be opening the way for future ... > full story

Study Of 2004 Tsunami Forces
Rethinking Of Giant Earthquake
Theory (March 10, 2006) -- The
Sumatra-Andaman earthquake of

Dec. 26, 2004, was one of the worst natural
disasters in history, largely because of the
devastating tsunami that followed. Now, scientists
have discovered that ... > full story

Scientists Say "Grace" As Water-Sensing
Satellites Lift Off (March 20, 2002) -- NASA and
the German Center for Air and Space Flight
successfully launched the Gravity Recovery and
Climate Experiment, or "Grace," mission into Earth
orbit at 1:21:27 a.m. Pacific time on March 17, ...
> full story

Scientists Find That Fluid-Like Flow Of Rock
Occurs Below Faults Following Big Quakes
(October 23, 2001) -- New technologies in the
form of Interferometric Synthetic Aperture Radar
(InSAR) and the Global Positioning System (GPS)
have helped scientists determine that fluid-like flow
occurred just below the ... > full story

New Gravity Mission On Track To Map Earth's
Shifty Mass (September 13, 2002) -- Six months
into its mission to precisely measure Earth's
shifting water masses and map their effects on
Earth's gravity field, the joint NASA-German
Aerospace Center Gravity Recovery and Climate
... > full story

It's Not My Fault: New Study Shakes Up
Interest In Earthquakes (November 3, 1998) -- A
new look at the information on a 1971 California
earthquake shows that several nearby faults were
activated during the temblor, supporting evidence
from more recent earthquakes that nearby faults ...
> full story

Progress, Promise In Space-based Earthquake
Research (December 8, 2003) -- Nearly 10 years
after Los Angeles was shaken by the devastating,
magnitude 6.7 Northridge earthquake, scientists at
NASA and other institutions say maturing space-
based technologies, new ground-based ...
> full story

NASA Details Earthquake Effects On
The Earth (January 14, 2005) -- NASA
scientists using data from the Indonesian
earthquake calculated it affected Earth's

rotation, decreased the length of day, slightly
changed the planet's shape, and shifted the North
Pole by ... > full story

Earthquake Study By Scripps Scientists
Produces New Depiction Of Fault Zones
(September 13, 2002) -- On Oct. 16, 1999,
approximately 37 miles from Palm Springs, Calif.,
a magnitude 7.1 earthquake ripped through 28
miles of faults in the Mojave Desert. Because of
the area's sparse population and ... > full story
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