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USGS Mission Areas 
New Organization Structure, effective: 1 October 2010 

Focused on some of the most significant issues 
society faces, in which natural science can 
make a substantial contribution to the well-
being of the Nation and the world: 

Climate and Land Use Change 
Core Science Systems 
Ecosystems 
Energy and Minerals 
Environmental Health 
Natural Hazards 
Water 

USGS science is founded on data quality. 

 



http://www.usgs.gov/natural_hazards/ 



Integrated information about multiple hazards are useful for reducing loss of life 
and property from natural hazards.  

Natural Hazards Impacts 
Earthquakes have the highest potential for 
causing catastrophic casualties, property  damage, 
and economic disruption. 
 
Over 75 percent of declared Federal disasters are 
related to floods. 
 
More than half of the U.S. population lives within 50 
miles of a coast. Many of these areas, especially 
the Atlantic and Gulf coasts, will be in the direct 
path of future hurricanes. 
 
Landslides affect every State, causing $3.5 billion 
dollars annually in damages and between 25 and 
50 deaths. 
 
The United States faces significant tsunami 
threats to the West Coast, Hawaii, Alaska, and 
island territories in the Caribbean and the Pacific. 
 
The United States has 169 active volcanoes 
capable of producing a wide range of hazards that 
threaten people and infrastructure on the ground as 
well as aircraft in flight. 
 

wildfires burned more than 8 million acres 
in 40 States. 

USGS Science Seeks to Achieve 
 Rapid earthquake impact assessments delivered to 
emergency managers   
 

 
Real-time flood inundation mapping to support 
emergency response  
 
Predictions of coastal impacts 48 hours before 
hurricane landfall  
 
 

 
Better predictions of where and when landslides will 
occur  
 

 
Tsunami risk maps for all coastal areas that may be 
at risk 
 

  
Early detection of volcanic activity to allow maximum 
response time  
 
 
 

 Real-time wildfire condition information to support 
rapid firefighting activity  



Natural Hazards Monitoring Program  
 

Geodesy and Deformation Activities 



The USGS Earthquake Hazards Program monitors the 
why they occur and how they 

shake the ground, provides quantitative earthquake-hazard 
assessments, helps promote loss-reduction measures using these 
results, and provides crucial scientific information to assist 
emergency responders when earthquakes occur. 
 

Geodetic observations and research 
are required to fulfill the 

USGS Earthquake Program mission 

Mission statement 



Role of geodesy in the USGS Hazards Program 
Overview 

USGS geodetic activities in support of USGS hazards program (research in 
earthquakes, volcanoes, landslides, subsidence, etc.). 

Geodetic Measurement and Monitoring Technologies 
Global Navigation Satellite Systems (GNSS) 

Global Positioning System (GPS) 
LIDAR  airborne and ground based tripod 
Digital photography  airborne and spaceborne 
Radar - InSAR and PSInSAR 
Gravity  absolute, relative and airborne 

Applications 
High-precision LIDAR mapping of the San Andreas Fault 
Monitoring land surface deformation; landslides 
Volcanoes 
Measurements of water level changes 
Subsidence measurements 



Uses of GNSS to Fulfill Statutory Roles 
in USGS Hazards Mission Area 

USGS is delegated federal responsibility to provide 
notifications and warnings for earthquakes, volcanic 
eruptions, and landslides. 

Seismic networks  

Streamgages and storm surge monitors 
flood and severe weather (including hurricane) warnings. 

Geomagnetic observatories support NOAA and AFWA 
geomagnetic storm forecasts. 

Geospatial information (mapping and GIS) supports 
response operations for wildfire and many other disasters. 



Geodetic Observations and the National 
Earthquake Hazards Research Program 

Improve quantification of seismic hazards 
quantify the long-term strain accumulation and release 
along active fault systems 

 

Modernization and expansion of real-time 
earthquake notification and monitoring systems 

rapid assessment of the earthquake source 
 

Achieve better scientific understanding of 
earthquake processes and effects 

understanding the range of earthquake-related phenomena 
between seimic and geologic temporal bands 

GNSS is a critical component 



 

 

December 26, 2004 Sumatra-Andaman 
earthquake and Indian Ocean Tsunami 



Earthquakes 
are a global 
problem 
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Earthquake Fatalities and 
Population Growth 

Courtesy of Prof. Roger Bilham 
(University of Colorado) 



GNSS precise time reference for accurate earthquake 
location worldwide - vital for tsunami alerts 

(http://earthquake.usgs.gov/earthquakes/map/) 



Seismic 
Hazards 

Map 
of 

Africa 
 

GSHAP  
Global Seismic 

Hazard 
Assessment 

Program 



San Andreas fault 35 mm/yr slip rate; 
>70% of plate motion 
1685, 1812, 1857  

 

Big Bend compression 
1971 Sylmar (M 6.7) 
1994 Northridge (M 6.7) 

 

California is now very heavily 
stations 

 
GPS measures plate motion strain 
accumulation and large 
earthquake displacements 

 

 
 
B4 - Imaged by airborne LiDAR - 
GPS was crucial! 





    

GPS network measures plate 
tectonic motions to an 
accuracy of better than 
1 mm/yr 
 
We can see whether the 
motion 
or perhaps more interestingly 
it may sometimes accelerate 
or decelerate 



Major  objectives  of  the  
SCIGN  array  

To  provide  regional  coverage  for  estimating  
earthquake  potential  throughout  Southern  California    

To  identify  active  blind  thrust  faults  and  test  models  
of  compressional  tectonics  in  the  Los  Angeles  region    

To  measure  local  variations  in  strain  rate  that  might  
reveal  the  mechanical  properties  of  earthquake  faults  

In  the  event  of  an  earthquake,  to  measure  
permanent  crustal  deformation  not  detectable  by  
seismographs,  as  well  as  the  response  of  major  faults  
to  the  regional  change  in  strain  







Plate Boundary 
Observatory  

 
San Andreas plan  

GNSS station clusters along 
San Andreas fault, especially 

along transitions from 
creeping to locked sections 



San Andreas  Earthquake monitoring strategy 
 

~120 km from Los Angeles (LA) 





Real-time GNSS Precise Point and Relative Positioning 
Goal:  achieve accuracies at the millimeter level or better 

There is progress, but step tests and other 
basic testing have revealed issues of gross 
errors, delayed convergence, and noise 

 

Required is a robust and precise real-time 
GNSS measurement capability at the 
millimeter level 

May require integration of sensors; such as 
inertial aiding 



Lone Juniper Ranch and Frazier Park High School 

GPS fault slip sensor; recording 
rate up to 10 Hz 

Stations spans 
the San Andreas 
fault near 
Gorman, 
California 



San Andreas - instrument major 
lifeline infrastructure crossings 

GNSS augmented with accelerometer arrays 



Cajon Pass I-15 Fault Crossing 



USGS Earthquake Shakeout Drill 
 10:00 AM, November 13, 2008  






PAUSE 
 

Movie 
of 

Shakeout Demonstration 

 



Tangshan, China 

1976 - M 7.5 

255,000 

people died 

(official) 

Northridge, CA 
1994 - it can 
happen here 

Turkey 1999 



Satellite 

Telemetry

Internet

SE NSO R PA C K A G E

-Accelerometer
-Tiltmeter
-GPS sensor

R E A L-T I M E D A M A G E ASSESSM E N T

Courtesy of 
Erdal Safak (USGS) 



Pre-earthquake: 
 
Reference static displacement 
Reference static rotation 
Mean and variance of  

   dynamic characteristics 

During earthquake: 
 
Changes in dynamic  

    characteristics 
Hysteretic behavior 
Damage initiation 

Post-earthquake: 
 
Permanent static displacement 
Permanent static rotation 
Mean and variance of  

   dynamic characteristics 

Multiple sensor package: 
 Acceleration / Velocity 
 Displacement (G NSS) 
 Rotation (tilt-meter) 

Linear 
Nonlinear 

Permanent 
displacement 

FRC. 

DISP. 

Automated Tagging and Real-Time Damage Distribution Maps 

GNSS 
monitor 
on roof 

of 
building 



March 11, 2011 
Japan earthquake 
 
Initial GPS results 
from GSI showed 
2.6 meters shift 
 
Later results gave 
maximum GPS 
offset of 4.034 m 
(that s 13 feet) 
 
Data were openly 
available and 
other groups 
quickly confirmed 
these results 
 
Movies made of 
the displacements 
to help visualize 
the information 

In the 1990s, Japan coordinated 
with US on construction of 
continuously-operating GPS 
stations (similar to S. California).  
Japan built a network of over 1000 
GPS stations called GEONET. 

Post-seismic: 
 

re-adjustments 
will go on for 
years, GPS is 
the best way 
to examine it 



March 11, 2011 



GNSS from GSI, Japan; M8.9 Tohoku 






PAUSE 
 

Movie 
of 

Horizontal and Vertical Displacements 
 

GPS time series  
 



Vertical 
Displacements 

Difference between 
estimated positions of 
GEONET stations at 
05:00 and 06:30 UTC 
on March 11, 2011 

 

Solutions by JPL and 
Caltech.  

 

GPS 1 Hz data in 
RINEX format provided 
by the Geospatial 
Information Authority 
(GSI) of Japan. 



Horizontal 
Displacements 

Difference between 
estimated positions of 
GEONET stations at 
05:00 and 06:30 UTC, 
March 11, 2011 

 

Bars at end of vector 
show 95% error 
estimate. 

 

Solutions by JPL and 
Caltech.  

 

GPS 1 Hz data in 
RINEX format provided 
by the Geospatial 
Information Authority 
(GSI) of Japan. 



Horizontal 
Displacements 

Displacements of 
position estimates for 
GEONET stations from 
05:00 to 06:30 UTC,  
March 11, 2011. 
 

Coseismic displacement  
in red.  First 8 h of 
postseismic 

motion in blue.  

 

Bars at end of vector - 
95% error estimate.  

 

GPS 1 Hz data in RINEX 
format provided by the 
Geospatial Information 
Authority (GSI) of Japan. 








Will the operation of GNSS or GPS 
receivers at stations located in vicinity of 

potential Earthquakes be affected by 
major Earthquakes such as occurred on 

11 March 2011 in Japan? 



GNSS uses for volcano monitoring 
Key component of volcano monitoring for flank 
movements and lava dome growth 

  

Integral part of US National Volcano Early 
Warning System 
 

Over 300 continuous operating GPS units are 
currently in use by USGS volcano 
observatories (most telemeter GPS data in 
real-time;  many are Plate Boundary 
Observatory stations) 



USGS uses precise GPS measurements for 
eruption monitoring of volcanoes 
Flank motions 

Dome growth 

Motions of 
volcanoes  
flanks can 
indicate the 
arrival of 
new magma; 
GPS is used 
to monitor 
changes in 
activity.  



GNSS for hazards management 
GNSS is an essential enabling technology for the mapping and 
precise monitoring needed to accomplish science missions in 
support of hazard warnings. 

In the aftermath of a significant disaster event, GNSS is critical in 
support of new mapping and geopositioning incident  features is 
essential in support of immediate response (e.g., support Urban 
Search & Rescue) as well as for long-term recovery (e.g., 
organizing debris removal). 



GNSS is benefiting humanity, such as for: 
Earthquake and Tsunami safety 

Global earthquake observation and tsunami alerts 

Airborne imagery positioning for fault zone characterization & damage assessment  

Tracking plates and strain accumulation and release (PBO) 

Earthquake early warning & rapid slip observation at lifeline fault crossings 

 

Fault displacement and tsunami buoy measurement  

GNSS will become even better than it is currently for these applications 
GPS L2C, L5 and L1C will improve over current capabilities 

Future multi-GNSS solutions:  GLONASS, QZSS, Galileo and other GNSS 

GNSS may 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 



Thank You 



International Terrestrial 
Reference Frame (ITRF) 
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