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EIGHT SECONDS OF TERROR:
A JPL Scientist Reflects on LA’s Last Big Quake
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wenty years ago, in the predawn darkness of Jan. 17, 1994, at five seconds before 4:31 a.m.
PST, the ground ruptured violently on a blind thrust fault (a crack in Earth’s crust that does not
reach the surface) about 11 miles (18 kilometers) beneath Reseda, in California’s San Fernando
Valley about 20 miles (31 kilometers) northwest of downtown Los Angeles. The resulting magnitude
6.7 earthquake, known as the Northridge earthquake, became the first large quake to strike directly
under an urban area in the United States since a magnitude 6.4 earthquake struck in Long Beach,
California in 1933.
The initial fault rupture lasted just 8 seconds, but for the millions who felt it throughout
Southern California (and as far away as Northern California, Baja California, Nevada, and Utah) it
felt like an eternity. In fact, the quake’s seismic waves were amplified and reverberated through
the region’s complex mix of faults, sediments and mountains, so the shaking lasted as long as 30
seconds in some areas. At its peak a few miles from the epicenter, the ground shook at 1.8 times the
force of gravity – strong enough to throw objects of any size into the air.
By the time the dust settled, dozens of people had been killed, many thousands injured and
tens of thousands left homeless (estimates of each vary). The region suffered approximately $49
billion in property damage and economic losses – the most expensive natural disaster in the United
States until Hurricane Katrina. Had it not been for the early hour of the quake and the fact that it
happened on the Martin Luther King, Jr. holiday, the death and injury toll would likely have been
significantly higher.
We asked geophysicist Andrea Donnellan of NASA’s Jet Propulsion Laboratory to reflect
on the Northridge earthquake, what we’ve learned about earthquakes since then, our state of
preparedness for the next “big one” and what lies ahead for earthquake studies at NASA.
continued on page 2
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The magnitude 6.7 Northridge earthquake on Jan. 17, 1994, killed dozens, injured thousands and caused widespread
damage throughout Greater Los Angeles. It was the costliest earthquake in U.S. history, and ranks as the fifth costliest
disaster in U.S. history. Credit: Los Angeles Daily News
By Alan Buis (Jet Propulsion Laboratory, Pasadena, CA)

Eight Seconds of Terror, continued...
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Q: What progress have we
made in understanding
earthquakes in the 20 years
since Northridge?
We understand that
earthquakes do not generally
repeat on fault segments
over time, but instead are
part of a much more complex
system of interacting fault
segments. We are now
better able to model these
fault systems with improved
computer programs.
Additionally, better data
systems have given scientists
a much more detailed
understanding of the entire
earthquake cycle, including
how strain accumulates
before earthquakes, is
released during and after
earthquakes, and how stress
is transferred between
earthquake fault segments.
Our measurements of
crustal deformation also
aid in earthquake damage
assessment and response
following large earthquakes.
Q: Are we more or less
prepared for a large quake
The map above shows surface displacement two years following the
in the Los Angeles area than
Northridge earthquake. Credit: ESRI and JPL
we were 20 years ago?
As a whole, we are
the next large earthquake here?
better prepared for earthquakes in Los
Southern California lies in a very earthquakeAngeles today due to retrofitting and
prone region. Half of all damaging earthquakes in
improved building codes. California’s periodic our country occur in California, and half of those are
ShakeOut and Golden Guardian exercises
in Southern California. Southern California is riddled
serve as effective simulations for responding
with faults, all of which can produce damaging
to real earthquake emergencies. We have
earthquakes. A smaller earthquake closer to Los
not had a damaging earthquake in a long
Angeles will typically produce more damage than a
time, however, and it is easy for people to
larger earthquake farther away. Many of these faults
become complacent following a long period
could produce the next large earthquake.
of quiescence.
Q: Are we any closer to being able to forecast
Q: How have earthquake risks changed
earthquakes than we were 20 years ago? Do you
in Southern California over the past two
think we’ll ever be able to predict earthquakes?
decades? Which areas are most at risk for
continued on page 3
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Q: What got you interested in this line of
research?
I love to be able to measure how
things move and use those results to
understand what is going on underneath
Earth's surface. I like technology, working
on computers, and getting out in the field,
which this line of work allows. I started out
measuring motions of ice sheets and glaciers.
As the technology has improved, we've
been able to measure smaller motions. So,
when I went to graduate school, I was able to
measure motions of the ground associated
with faults in Southern California.
Q: What earthquake research are you
currently involved in?
I use geodetic imaging, developed
largely by NASA, to study motions associated
with plate tectonics and earthquakes.
Techniques I use in particular are GPS and
NASA’s Uninhabited Aerial Vehicle Synthetic
Aperture Radar (UAVSAR). From these
measurements, we obtain details of how
Earth’s surface moves over time before,
during and after earthquakes. The results
are analyzed and modeled using a suite of
software tools.
Q: Is there any new mission on the horizon
at NASA for studying earthquakes?
I am looking forward to the NASAIndian Space Research Organisation (ISRO)
Synthetic Aperture Radar mission that is now
being planned to provide geodetic imaging
data on a global scale. This spaceborne radar
mission will allow us to study fault motions
globally, which will enable us to more quickly
understand earthquake processes overall.
The mission will also assist in responding
to earthquakes by assessing damage
following earthquake events and will forecast
aftershock probabilities based on ground
motions following the rupture of earthquake
faults.
For more information on JPL’s
earthquake research, visit: http://quakesim.
org, http://e-decider.org and http://aria.jpl.
nasa.gov/.
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Better networks, improved data analyses,
measurement of crustal deformation and better
models are improving our ability to forecast the
probability of earthquakes on timescales of years to
decades. Earthquake prediction on short-time scales
remains elusive, however. Earthquakes generally
originate at great depths, making detection of any
precursory process difficult.
Q: What do you think was the legacy of the
Northridge quake?
The Northridge earthquake certainly resulted in
better earthquake building codes. For NASA, the
earthquake also highlighted the value of using
crustal deformation Global Positioning System (GPS)
networks to study earthquakes. The earthquake
resulted in the formation of the Southern California
Integrated GPS Network, which, in turn, led to the
Plate Boundary Observatory (http://pbo.unavco.
org/). Results, showing the motion of tectonic
plates and providing a high level of detail of motion
associated with earthquake faults, are used for
science and are being incorporated into earthquake
hazard maps.
Q: How did the Northridge quake affect you
personally?
The Northridge earthquake occurred on
a fault that we had just modeled based on GPS
results of the region. We published a paper on that
region in Nature magazine in November 1993,
and the earthquake occurred a couple of months
later. While we discussed the size earthquake the
fault could produce, which it did, we did not put a
timeframe on the possible earthquake. Nevertheless,
the event highlighted the value of using NASA
geodetic imaging techniques to study the quiet
motions of strain accumulation that occur before
earthquakes and to provide insight into what is
going on at depth. We also continued the work after
the earthquake and showed that the fault continued
to slip, mostly quietly, in the two years following the
earthquake. The earthquake allowed us to develop
continuous GPS networks, radar, and software
programs to better understand earthquakes and
how earthquake faults behave. The earthquake
reminds me to be prepared on a personal level and
has allowed me to work with exciting technology
and a truly exceptional team of scientists and
engineers.

NASA Model Provides 3-D Look at
the 2014 La Habra Quake
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0.2 inches).
Scientists at NASA’s Jet Propulsion
By comparing the repeat-pass radar
Laboratory developed a model of the March 28,
observations, scientists hope to measure any crustal
2014, magnitude 5.1 La Habra, CA earthquake,
deformations that may occur between observations,
based on the distribution of aftershocks and other
allowing them to ‘see’ the amount of strain building
seismic information from the U.S. Geological Survey.
up on fault lines, and giving them a clearer picture
This image shows what the earthquake may look
of which faults are active and at what rates they’re
like to an interferometric synthetic aperture radar,
moving, both before earthquakes and after them.
such as NASA’s Uninhabited Aerial Vehicle Synthetic
The UAVSAR fault
Aperture Radar
mapping project
(UAVSAR).
is designed to
The
substantially improve
earthquake is believed
knowledge of
to be associated
regional earthquake
with the Puente Hills
hazards in California.
Thrust fault, which
The 3-D UAVSAR data
zig-zags from Orange
will allow scientists
County northwest
to bring entire faults
through downtown
into focus, allowing
Los Angeles. The
them to understand
NASA model is based
faults not just at
on a fault estimated
their surfaces, but
to be 9 kilometers
also at depth. When
long, 5 kilometers
integrated into
deep and 3 kilometers
computer models,
wide. The modeled
the data should give
fault dips upward
scientists a much
through the ground
clearer picture of
at a 60-degree angle,
California’s complex
with one side of the
JPL scientists modeled the March 28, 2014 magnitude 5.1 quake near
fault moving at a slanted Los Angeles based on USGS seismic data. This model image shows how fault systems.
quake may appear to airborne radar, such as NASA’s UAVSAR, which
The scientists are
angle horizontally and the
will survey the area soon. Blue shades indicate the greatest surface
estimating the
vertically 10 centimeters displacement. Credit: NASA/JPL-Caltech/USGS/Google Earth
total displacement
relative to the other side.
occurring in each region. As additional observations
The model estimated the maximum displacement
are collected, they expect to be able to determine
of Earth’s surface from the quake at approximately
how strain is partitioned between individual faults.
1 centimeter, which is at the threshold of what is
The UAVSAR flights serve as a baseline
detectable with UAVSAR. The region of ground
for pre-earthquake activity. As earthquakes occur
displacement is indicated by the darker blue area
during the course of this project, the team is
located in the right center of the image.
measuring the deformation at the time of the
In Nov. 2008, NASA JPL scientists began
earthquakes to determine the distribution of slip
conducting a series of UAVSAR flights over regions
on the faults, and then monitoring longer-term
California marked by frequent earthquakes. About
motions after the earthquakes to learn more about
every six months, the scientists precisely repeat
fault zone properties.
the same flight paths to produce images of ground
Airborne UAVSAR mapping can allow a rapid
deformation called interferograms. From these data,
response after an earthquake to determine what
3-D maps are being created for regions of interest,
fault was the source and which parts of the fault
including the San Andreas and other California
slipped during the earthquake. Information about
faults, extending from the Gulf of California in
the earthquake source can be used to estimate what
Mexico to Santa Rosa in the northern San Francisco
areas were most affected by the earthquake shaking
Bay.
to guide rescue and damage assessment response.
UAVSAR, which flies on a NASA C20-A III
For more information about UAVSAR, visit:
aircraft from NASA’s Armstrong Flight Research
http://uavsar.jpl.nasa.gov/.
Center, measures ground deformation over large
areas to a precision of 0.1 to 0.5 centimeters (0.04 to

SCAS RTP Updates
SCJAS Chair, Gloria J. Takahashi

From 2012 to 2013, I worked on my science project regarding LED

lights and their benefits to the economy and environment. The resources that SCAS provided me with were extremely valuable. SCAS does
their best to provide students with the guidance needed to write their
abstract and project report.
Through SCAS’s guidance, I was able to complete my final project report to the best of my ability without much help from my mentor (he was more of a consultant regarding energy instead). Although
the whole process of writing the report itself originally seemed really
daunting, the guidance that SCAS helped me finish it through the suggested guidelines.
Ultimately, my LED project showed that although there is a
high initial cost, in the long term period, LEDs save a lot of energy and
thus leaves a smaller carbon footprint. My project also showed that
there is a positive correlation was found between the usage of less
wattage and general brightness and color output to the naked eye.
These results became the primary focus of my report and presentation.

SCAS RTP Student Alicia Wei
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SCAS RTP Lights Way for one
Researcher
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and expanding their knowledge. As Kathie Tang
wrote in her SCAS Smilodon article, “From
choosing a mentor, to writing a scientific paper,
and finally presenting the results at a professional
scientific meeting, I was able to act independently
while being supported by the Academy”. These
are great goals that the New Generation Science
Standards (NGSS) would be proud of having our
nation’s science students achieving. Students are
working in the field and laboratories with mentors
at the LA County Natural History Museum,
UCI, Lockheed, Get Inspired,Inc., Caltech,
Loyola Marymount University, Cabrillo Marine
Aquarium, Stanford University, Palos Verdes Land
Conservancy and UCLA’s Los Angeles BioMed
Institute. Throughout the year, at three workshops
conducted by professional volunteer members
of the Junior Academy committee, students are
taught the HOWS..how to write a scientific paper,
how to format their scientific poster, how to make
a scientific presentation. They will listen to a talk
on an important issue, the”Ethics of Scientific
Research”. In order to be selected to attend the
national AJAS meeting, all students are evaluated
on their scientific paper and oral presentation at
the May 2-3, 2014 SCAS Annual Meeting at CSU
Channel Islands. The 2015 AJAS/AAAS Annual
meeting is in San Jose,CA.
It is through this early training of
development in scientific skills in the laboratory
and field that these high school students, with their
supportive mentors, that we hope to encourage
and inspire youth to pursue careers in the sciences,
engineering and technology.
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Seven high school students who did yearlong research during the 2012-13 year in the
Southern California Academy of Sciences Research
Training Program (RTP) were chosen to represent
SCAS at the February 2014 national American
Jr. Academy of Science (AJAS) and American
Association for the Advancement of Science
(AAAS) meeting in Chicago. Chosen as top
student researchers at the Junior Academy Sessions
at the 106th SCAS Annual Meeting last May at
CSU Long Beach were Kathie Tang (Pomona
College); Jason Li (Glenn A. Wilson HS); Aaditya
Patel (Damien HS); Eleanor Frost (Chaminade
Preparatory); Alicia Wei (Walnut HS); and Anissa
Lee and Dahlia Pham (Palos Verdes Peninsula
HS). Some of the students have included their
stories concerning their experiences in this issue
of the Smilodon. These students were chaperoned
by four parents and SCAS Board Member, Dr.
Jonathan Baskin. Dr. Baskin also served as the
SCAS representative at the National Association of
Academies of Science’s (NAAS) delegates meeting,
and the AAAS section Y (general interest in science,
engineering and state academies) meeting.
This year’s 2013-14 RTP class of 33 students
from 14 high schools in LA and Orange Counties
held their first meeting at Loyola Marymount
University. After proposing their desired research
in June, these students were chosen to work
individually with scientists who have agreed to
mentor them. They all had the opportunity to
share their proposed research and the names of
their Mentors. They are now actively pursuing
answers to problems, questioning, improving

SCAS RTP Research Updates
by Jason Li, SCAS RTP Researcher
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RTP Researcher Kathie Tang with her unidentified
mentor at City of Hope, summer 2013.
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by Kathie Tang, SCAS RTP Researcher
I have never been in a program like the Junior
Academy Research Training Program. From the very
beginning, starting with the design-your-own experiment application, the Academy’s goal was to train
young minds to think like scientists.
Without this goal, I could never have had
the opportunity to work on my own research project,
discuss it with amazing mentors, write a decent paper,
or present to a group of peers and judges. But besides
the welcoming scientific community that I have found
in the Academy, I was given free reign to explore my
scientific interest. In high school, the labs that we performed in class were always arbitrary. They had strict
procedures and definite results. There was no room for
questioning, discussion, or creativity. However, with
the Academy’s guidance, I have seen that science is
always after more questions, after improvements after
failures, and after new horizons. From choosing mentors, to writing a paper, and finally presenting, I was
able to act independently while being supported by
the Academy.
I was able to find a mentor at the City of
Hope, where I studied a DNA repair protein, RAD52,
using yeast. After countless hours of performing assays and gathering results, I found that human protein
was able to fully complement the loss of the yeast
protein with regards to direct repeat recombination,
a type of DNA repair that is non-conservative and dependent on RAD52. With the Academy’s instructions,
I was able to organize these results into a paper and a
presentation in order to share my findings. And now, I
have been selected to share my findings with an even
larger community, in Chicago!
Without the generous support of the Academy, I could not have had the experience to work in a
lab, meet young scientists, or travel to share about my
research. So to the Academy’s directors and staff, I owe
my great experience to all your efforts and hard work.

There are only four letters in the alphabet of life—four bases
within our DNA that allows for billions upon billions of possible
human beings, each with his or her own talents, ideas, emotions and passions.
Our own specific combinations, then, must mean
something. As cheesy as it sounds, our existences are miracles
in their own right—and we owe it to ourselves to do something with our lives and to make tangible differences in the
world.
It was a thought that popped up in my head during
my freshman Biology class (I was a strange 14-year-old). As
we desperately crammed the steps of the citric acid cycle into
our heads, I came to realize how much of the excitement and
potential of actual science was drained away by stale texts and
cookbook labs.
Because—as I child—I was taught that science meant
something different. I remember waking up on many early Saturday mornings to the sight of my father clattering away at his
computer when his work as an engineer trickled into the weekends. I watched as he typed equations onto Matlab, fascinated
as his numbers bloomed into a brilliant spectrum of colorful
graphs while simultaneously feeling humbled by our rudimentary attempts to model nature’s beauty. I wasn’t a particularly
precocious child, but I could not help but feel intensely drawn
to the concept and mission of science: to understand the world
around us.
I have to say that SCAS probably saved my passion
for science. At the time, working in the lab seemed like a far
off dream that could only happen after many years of study.
However—after an application and a research proposal—SCAS
allowed me to take my first shaky steps into the true world of
science, giving me tips and connections to find a mentor in
the lab and guiding me through the entire process. It was only
through SCAS that I found incredible program directors who
fielded every one of my desperate emails, helpful workshops
that will remain relevant for a lifetime, and a group of peers
who share my passion for discovery.
Now, I work at City of Hope to understand the pathogenesis of a variety of blood disorders and cancers through the
exciting pathway of non-coding RNAs. Specifically, I work with
microRNAs, a class of non-coding RNAs that post-transcriptionally regulate gene expression by blocking or degrading target
mRNAs. My project deals with a particular microRNA, miR29, and—over the past year—I’ve been attempting to forge
connections between miR-29 and a gene often mutated in
patients with myeloid disorder called TET2. So far, my data has
been promising, indicating that miR-29 directly targets TET2
and down regulates its expression on the endogenous level. I
am now trying to understand the powerful implications behind
this connection and fitting my findings within the broader
landscape of cancer biology.
Frankly, it’s challenging—but isn’t that what makes
science so exhilarating? Thank you, SCAS RTP. I now have
an education rooted not only in texts found within my high
school classes, but also in delicate experimentation found in
my adventures within the laboratory. Because even though my
experiments fail countless times or my cells die after getting
contaminated with fungus over the weekend, I can step foot
into my lab every day knowing that—despite everything—research in high school is ridiculously rare and that I am ridiculously fortunate.

CA WILDFLOWER VIEWING--THE QUICK GUIDE

Santa Rosa and San Jacinto Mountains National Monument: For more information, contact the Palm
Springs- South Coast Field Office at (760) 833- 7100 or the Visitor Center in Palm Desert at (760) 8629984.
Western Mojave Desert: For more information, contact the Ridgecrest Field Office at (760) 384-5400 or
the Barstow Field Office at (760) 252-6000.
Eastern Sierra: For more information, contact the Bishop Field Office at (760) 872-5000.
San Joaquin River Gorge, Madera County, and the Carrizo Plain: For more information, contact the
Bakersfield Field Office at (661) 391-6000.
West side of the San Joaquin Valley (including the Panoche, Tumey, and Ciervo Hills: For more
information, contact the Hollister Field
Office at (831) 630-5000.
The Merced River: For more information,
contact the Mother Lode Field Office at
(916) 941-3101.
Cache Creek: For more information
contact the Ukiah Field Office at (707)
468-4000.
The Sacramento River Bend Area, just
north of Red Bluff: For more information
contact the Redding Field Office at (530)
224-2100.
Blue Door Flat - northeast California,
south of Alturas: Contact the Alturas
Field Office at (530) 233-4666.
Blooms in the hills above the Carrizo Plain.
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Photo by David A. Rosenthal
North of Kramer Junction provided just the right moment for this
scenic wildflower photograph.
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Eastern Mojave Desert: For more
information, contact the Needles Field Office
at (760) 326-7000.
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Springtime brings carpets of colorful spring blooms to large areas of California. Many of these areas
are relatively unknown, visited by only a select few during the peak of color. The wildflower season
generally starts with an early spring in the desert regions of southern California, and works its way
northward. When the wildflower seasons occur, and how lush they are, depends on the weather and can
vary widely from year to year.
The federal Bureau of Land
Management (BLM) provides a rough
guide to blooming seasons in California,
which can be downloaded as a .pdf file
(visit the following page: http://www.blm.
gov/ca/st/en/prog/recreation/wildflowers.
html). However, to avoid disappointment,
the latest information on blooming
activity can be obtained from the BLM
California Field Office managing the area
you want to visit.
These are some prime wildflowerviewing areas on public lands managed
by BLM California, arranged from south to
north:

The Last Word
In an effort to regularize the publication of this organ, the editorial board of the Smilodon (in consultation
with the SCAS Board of Directors) have decided to revise the aforementioned publication’s production
schedule. Going forward, the Smilodon will be published twice annually:

April 15 and November 15

Deadlines for April 15 (Spring) issue:
		Receipt of articles/input: 						March 15
		
Draft Smilodon to Board for review:					
April 1
		
Board comments on Draft Smilodon to editor: 				
April 8
		Smilodon distributed to membership: 					April 15
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Address correction requested
Southern California Academy of Sciences
900 Exposition Boulevard
Los Angeles, California 90007
(213) 744-3384
http://www.scas.nhm.org/

SCAS
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If you have any questions or concerns about this schedule, or better yet, if you have content to provide (this
can be an abstract of a paper or presentation you are working on, an idea you want to share or receive feedback
on, an essay on a field experience that was singular and noteworthy, a particularly good photo you want to
share...), please contact sgraff@psomas.com or bblood@psomas.com. Thank you!
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Deadlines for November 15 (Autumn) issue:
		Receipt of articles/input: 						October 15
		
Draft Smilodon to Board for review:					
November 1
		
Board comments on Draft Smilodon to editor: 				
November 8
		Smilodon distributed to membership: 					November 15
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The Smilodon

To facilitate this schedule, the following deadlines for receipt of articles/input/photographs/etc. will be
adhered to.

