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Earthquake Processes

Earthquakes can cause tremendous loss of life and
property

Predicting the behavior of earthquake fault systems
Is exceptionally difficult

The Earth’s crust is complex

— Seismic and aseismic motions f{?
e fa!_
Earthquakes generate at depth %

— Problematic for understanding earthquake fault | 3 /5
gl ] 3 __LZI;'
behavior | -i‘ﬁ-—;i:fg

Annualized earthquake losses in California $§3.58B
(66% of the national losses)



Earthquake Studies: A Brief History
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Geodetic Imaging

* Measurement of deformation of the surface
of the Earth’s crust

 Tectonic and fault motions deform the surface

/ Afterslip
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Observations
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Complex Earthquake Cycle

Earthquakes and postseismic response complicate the already
heterogeneous data by adding episodic jumps and changing rates
of surface deformation to the products &(
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GeoGateway

To Increase the value of existing geodetic imaging products to
researchers and allow users to efficiently find and use NASA
geodetic imaging data products

Goals
* Bridge the gap between production and end-use of data

products
 Simplify the discovery of geodetic imaging products
 Enable researchers to explore and integrate data products

through online or offline analysis
* Allow researchers to easily share, publish, and collaborate on

results of these online experiments



GeoGateway Components

Accessing Windowing Visualizing Evaluating Detecting
Modifiable Edae
Automated Time reference Tagaging ; dent'ﬁg fio
station ETHEAton
Manual Geographical Aduentic Rating Discontinuities
color scale
Data Products Map
multilayered Annotation Anomalies
GPS Faults products
Sharing Product quality
InSAR Seismicity Optical —

Facilitate routine workflow for reuse of techniques used
commonly in crustal deformation earthquake research
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Methods

A web map analysis, modeling, and response tool

Components
* Web map services

* Online analysis
 Automated machine learning
 Computer vision techniques

To identify

* Features

* Anomalies Data volumes will become larger and the

e Artifacts surface deformation data more complicated
when NASA launches NISAR in late 2021

Planned

 User space for saving/sharing projects
 Ratings and data quality information
* GPS Velocities with user selectable reference station
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Data Fusion

Individual data types are more powerful when
they are used in conjunction with other products
to test a hypothesis

Heterogeneous crustal deformation data
* @GPS position time series and velocities

*  InSAR/UAVSAR
* Optical maps of components of surface deformation
* Topography for long-term geologic deformation

Other geophysical data
* Earthguakes
* Faults



GPS

Faults

InSAR/UAVSAR

Seismicity

Optical
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Data Sources
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Tools

GeoGateway tools steer users to relevant products using
automated feature extraction, manual search tools, and
data quality metrics

Automated and manual approaches through the interface
Users can perform time and geographically limited search for
products

Time windowing is particularly important because crustal
deformation velocities vary over time as earthquakes and
postseismic deformation occur, causing offsets and rate
changes

Statistics on GPS and UAVSAR data enable users to separate
data artifacts and errors from geophysical signals



GeoGateway Interface
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UAVSAR Line of Sight Tool
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UAVSAR Line of Sight Tool
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GPS Velocities
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Changing the reference station highlights
different aspects of crustal deformation
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Earthquake Faults Interact
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Western United States
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San Andreas Fault

Major plate boundary fault,
but not the only fault!




Conceptual View of Fault Motions
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Earthquake Magnitude

Magnitude is related to size and slip on a fault plane

M6.7 .
T sm M 9.0

10 km™
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2011 M 9.0 Japan Earthquake versus 1994 M 6.7 Northridge Earthquake
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GPS Positions and Velocities

Horizontal position accuracy 1 mm
Vertical position accuracy 2 mm
1 mm/yr horizontal velocities
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GPS Time Series

Incorporating high data rate GPS
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UAVSAR/InSAR

* Airborne Interferometric synthetic aperture radar (InSAR)

* Products provide ground changes in a line of sight direction

to/from the instrument Gulfstream-11l <Y
/" UAVSAR Y - e LT -

.
* Airborne InSAR 2
» L-band (24 cm wavelength)

» Repeat pass interferometry
* Flown on a Gulfstream Il
\_* Colorcycleis12cm vy
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Earthquakes Observed w:th UAVSAR
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South Napa earthquake
M6.0 August 24, 2014

La Habra earthquake
M5.1 March 28, 2014

El Mayor - Cucapah earthquake
M7.2 April 4, 2010
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2010 M7.2 E Mayor —~ Cucupah Earthquake

El Mayor - Cucapah earthquake
M7.2 April 4, 2010
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2010 M7.2 El Mayor - Cucapah Earthquake
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UAVSAR Guided Field Mapping
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Rymer et al (2011), Triggered Surface Slips in Southern California Associated with the 2010 El Mayor —
Cucapah, Baja California, Mexico Earthquake, U.5. Geological Survey Open-File Report 2010-1333 and
California Geological Survey Special Report 221
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Salton Trough Coseismic Triggered Slip
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Creep Occurred on Faults to the North
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Addltmnal Shp from M5.7 Aftershock
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2014 M6.1 South Napa Earthquake
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2014 M6.2 South Napa Earthquake
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UAVSAR Guides South Napa Assessment

“The UAVSAR image... shows that afterslip extends
northward, but with a steadily decreasing amount,
up to the intersection of the main fault strand with
Partrick Road... From that point to the north, there
is no evidence for afterslip, so that section of the
fault is rated low afterslip hazard.”

Hudnut, KW., et al.,, 2014, Key recovery factors for the
August 24, 2014, South Napa earthquake: U.S. Geological
Survey Open-File Report 2014-1249.

S5A 2015 S &
Collaboration between USGS GCS, and JPL
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South Napa Earthquake Coseismic
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South Napa Earthquake

Horizontal Fault Displacement S-N
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South Napa Earthquake Postseismic

Dasplacement (cm)
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2014 M5.1 La Habra Earthquake
ST

La Habra earthquake

M5.1 March 28, 2014 \‘i\




M 5.1 2010 La Habra Earthquake

USGS/SCSN ShakeMap
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UAVSAR 08521




Fault Hinge Line

Ground Range Change
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Field Validation
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Left Offset Identified by UAVSAR
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UAVSAR: 7 m Resolution
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West Coyote Hills
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Seismic Implications

* Seismic moment
— 82% of the total geodetic moment released Surface

 Slip within the unconsolidated upper Qﬂpﬂd

Released strain

sedimentary layer

— May reflect shallow release of accumulated
strain on still-locked deeper structures

* Future M6.1-6.3 earthquake would account
for the accumulated strain

* Could occur on any one or several of these
faults

— May not have been identified by geologic
surface mapping

Potential for a Large Earthquake Near Los Angeles Inferred from the 2014 La Habra Earthquake
Andrea Donnellan, Lisa Grant Ludwig , John Rundle . Jay Parker , Jun Wang , Marlon Pierce , Geoffrey Blewitt , Scott Hensley

Earth and Space Science (2015).
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Topographic Mapping of Fault Zones

Y San Andreas

The Southern San Andreas fault has multiple strands
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Southern San Andreas fault

fault splay
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M7.3 1992 Landers Earthquake Rupture

Lan !:h:-.--s rupture
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Mustang Ridge, Central California

Offset fence from 32 mm/yr
creep along the fault
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Integrated Methods

= Gravity

Deformation imaging GRACE
ol  NISAR Morphology Morphology
Deformation imaging o™l UAVS & Spacebome

(UAVSAR) v

Paint motions : i)
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Summary

Remote sensing measurements allow observation of
earthquake ground motion

— Including the quiet part
— Provide unprecedented details of earthquake fault behavior

Providing insight into earthquake fault processes and
interactions

Useful for addressing our exposure and responding to these
disastrous events

Need GeoGateway for maximizing science from geodetic
imaging data

— 1980s: Handful of infrequently measured GPS stations
— 1990s: Advent of InSAR and continuous GPS

— 2000s: Dense continuous GPS networks
— 2010s: UAVSAR
— 2020s: NISAR, topographic imaging
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