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Earthquakes
are a global
problem







GNSS timing for precise earthguake location
worldwide - also vital for tsunami alerts
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San Andreas fault

35 mml/yr slip rate;
>70% of plate motion
1685, 1812, 1857 eq’s
Big Bend compression
1971 Sylmar (M 6.7)
1994 Northridge (M 6.7)
California is now very

heavily ‘wired’ with many
GPS stations

GPS measures plate motion
strain accumulation and
large earthquake
displacements

‘Natural laboratory’ to study
future ‘Big Ones’

B4 - Imaged by airborne
LIDAR - GPS was crucial!
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GPS network measures plate
tectonic motions to an
accuracy of better than

1 mm/yr

We can see whether the
motion is ‘slow and steady,’
or perhaps more interestingly
It may sometimes accelerate
or decelerate

SOUTHERN CALIFORNIA
INTEGRATED GPS NETWORK

2 USGS

science for a changing world
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Drilling into the San Andreas Fault
® GPS Stations
# Borehole Strainmeters
Long-baseline Laser Strainmeters
£\ Transportable Seismic Stations
A Permanent Seismic Stations

Nartional Science Foundation

WHERE DISCOVERIES BEGIN




San Andreas - place two bets
both ~120 km from Los Angeles (LA)




Real-Time GPS Slip Sensor
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Lone Juniper Ranch and Frazier Park High School

Prototype GPS fault slip sensor;
up to 10 Hz

Spans the San
Andreas fault
near Gorman,
California




San Andreas - instrument major
lifeline infrastructure crossings
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ShakeOut M 7.8 Simulation - San Andreas




Tangshan, China
1976 -M 7.5
255,000

people died
(official)

Northridge, CA
1994 - it can
happen here
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Acceleration / Velocity
Displacement (GPS)
Rotation (tilt-meter)

» Reference static displacement

» Reference static rotation

»Mean and variance of
dynamic characteristics

»Changes in dynamic
characteristics

»Hysteretic behavior

»Damage initiation

Linear
Nonlinear
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»Permanent static displacement

»Permanent static rotation

»Mean and variance of
dynamic characteristics




REAL-TIME DAMAGE ASSESSMENT

Courtesy of
Erdal Safak (USGS)

«Satellite
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SENSOR PACKAGE

-Accelerometer
-Tiltmeter
-GPS sensor




GNSS Benefiting Humanity:
Earthquake and Tsunami safety

Global earthquake observation and tsunami alerts (ANSS)

Airborne imagery positioning for fault zone characterization and damage assessment (B4)
Tracking plates and strain accumulation and release (PBO)

Earthquake early warning & rapid slip observation at lifeline fault crossings (Gorman SAF)
Building monitoring and damage assessment; automatic ‘tagging’ (Factor Building)

Fault displacement (SuGAr) and tsunami buoy measurement (MBARI)

Nearly evervthino we do is helped hy GNSS

GNSS will become even better than it is currently for these applications:

— GPS L2C, L5 and L1C will improve over current capabilities (e.qg., tri-laning)

— GLONASS, QZSS, Galileo and other GNSS will help (e.g., increased coverage)
GNSS could be improved beyond currently planned system enhancements:

— Aiding through internet or wireless will enhance real-time precise results

— Added signals could nearly eliminate the real-time ambiguity resolution problem




