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USGS within NEHRP 

national earthquake hazards reduction program 

Provide earthquake monitoring      
and notifications, 

assess seismic hazards,  
conduct targeted research needed 

to reduce the risk from earth-
quake hazards nationwide, and 

with other NEHRP agencies and 
many other partners, support 
public awareness of earthquake 
hazards and impacts. 



USGS National Seismic Hazard Map 
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Global and National Earthquake Monitoring 

USGS National Earthquake  
Information Center 
 Golden, Colorado 



Earthquake Monitoring 
Information Timeline 
(Domestic earthquakes) 
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Virginia Earthquake M 5.8 
of August 23, 2011 
 
The USGS “Did You Feel It?” 
software crowd-sources 
observations from people who 
experienced the earthquake 

Anyone can report through a 
DYFI? web page 

The web page takes a person 
through a detailed set of 
questions that links their 
experience to ground-shaking 
intensity 

These reports are averaged by 
postal (zip) code, for domestic 
earthquakes, or city. 

More than 150,000 felt reports 
were obtained for the 2011 
Virginia quake 



• Twitter-based system detects 2 or 3 
earthquakes per day, on average. 

• Frequently it is the USGS’s first 
indication of a widely felt event  

• 90% of detections occur in under 2 minutes 

• 50% of detections occur in under 1 minute 

• Detects small felt events in sparsely 
instrumented places of the world that are 
missed by traditional monitoring systems 

• Provides earthquake detections from an 
independent source 

• Provides rapid qualitative indication of 
earthquake effects 

USGS Twitter EQ Detections 
 

Location of P-wave when 
Twitter alert was received at 

NEIC 
 

Detection time ~20 seconds 

M4.0 Maine  
Oct 16th, 2012 



ShakeCast 
 
Situational 
awareness for 
ground shaking at 
critical facilities. 
 
Example for 
nuclear power 
plants:  Shaking 
from Virginia M5.8 
earthquake. 



Structural Monitoring 
Damage Alerting Systems 

One Rincon, San Francisco 
and V.A. Medical Centers 

•  Dense real-time monitoring array 
•  72-channels of 200sps motion 

•  Structural health monitoring 
•  Damage Alerting System 



PAGER 
 
Prompt Alerting 
of Global 
Earthquakes for 
Response 
 
Continually 
updated 
databases for 
loss calculations 
 
Heavy use for 
earthquake 
scenario 
planning 
 
Potential 
applications in 
the insurance 
sector 



PAGER loss estimates  
a basis for FEMA alert levels in the U.S. 
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Ten-Year Budget Trend – Gross Appropriation 
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USGS Earthquake Hazards Program 

Post Sumatra 
Increase – 

begin 
24x7 at NEIC 

Congressional 
adds for multi-

hazards 
Initiative, 
Arkansas 

USGS reorgani- 
zation, ATB cut, 

budget 
restructure 

Sequestration 

Does not include 
~$30M of economic  
stimulus funds spent 

from 2009-2011 

EHP+GSN total      $M 
FY 2006  54.5  

2007  55.1  
2008  58.1  
2009  61.2  
2010  62.8  
2011  61.4  
2012  59.0  
2013  55.6  
2014  58.7  

2015 req.  59.0  

2014 



FY2014 

EHP Budget by Major Work Category 

monitoring 
(seismic and 

geodetic) 

research 

hazard 
assessment 

The SESAC has advised that 
USGS keep earthquake 
monitoring to <50% of its 
portfolio, and that USGS 
maintain a healthy external 
research activity. 
------------------------- 
External funding was restored 
in 2014 to about 25% of the 
portfolio (post-sequestration) 
------------------------- 
USGS is re-competing regional 
seismic and geodetic 
monitoring networks in 2014 



USGS Budget Initiatives in 2014-2015 
Congress funded the following initiatives in 2014, which 

remain in the Administration’s request for 2015: 
 

+$1.2M for enhancing earthquake products and 
improved monitoring in the central & eastern US 
(partnership with NSF) 

 
+$1.0M for induced seismicity monitoring and research 

($1.8M total) 
Part of a larger initiative on hydrofracturing 
Proposed to increase to $2.5M in 2015 
 

+$2.7M for rapid disaster response capabilities, 
including earthquake early warning (+$0.85M), 
debris flow warning, volcanic ash response, disaster 
scenarios and strategic science crisis response, and 
geomagnetic observatories. 

  

• FY15: Congress 
agreed to 
administration’s 
proposal 
 
• FY15:  Congress 
proposed +$5M 
for EEW 
 



Global Seismo-
graphic Network 

Geomagnetism 

Volcano Hazards 

Landslide Hazards 

USGS Hazards in FY15:  Proposed 
Changes 

Earthquake Hazards 
Coastal & 

Marine Geology 

Flat 

Flat Flat 

Flat 
Relative to  

FY14 enacted -$1.0M Flat 



 post-San Fernando quake      |             post - Loma Prieta quake              |  ARRA   

A v e r a g e : $70.3M 

Earthquake Hazards Program Funding 
profile in 2013 dollars 

ARRA 
(3-yr 

 funds) 
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GSN borehole 
sensors need to 

be replaced.  
DOE provided 

$5.7M for 
purchase but no 

funds for 
installation. 

 

GSN Primary Sensor Replacement 
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National Seismic Hazard Model 
Release of 2014 Maps 
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Improving 
earthquake 
monitoring in the 
Eastern U.S. 
Convert 160 NSF-

funded portable 
seismic stations to 
permanent 

Plan approved by OMB 
and OSTP (NSF, 
USGS, NRC, DOE and 
OSTP) 

NSF to fund 
capitalization and 
O&M thru 2016 

USGS contributing to 
O&M costs in 2014-
2016 



FY 14 Increase: Enhancing earthquake products and 
improved monitoring in the central and eastern US  

(+$1.2M - Earthquake Hazards Program) 

“Improve earthquake monitoring in the eastern US and enhance delivery 
of earthquake information products”   

• Leverages investments by NSF, DOE, and the US Nuclear Regulatory 
Commission. 

• Up to $600k of these funds will support long-term operation of the CEUSN 
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Induced Seismicity 
FY14 total $1.8M; FY15 proposed $2.5M 

• Funding Context:  Administration’s “all 
of the above” energy strategy 

• USGS efforts are part of a multi-
agency research initiative on 
hydrofracturing effects 

• EHP proposed research to more fully 
understand factors controlling induced 
seismicity and to assess hazards 

• Can USGS inform protocols for the 
siting of and operation of injection wells 
that will reduce earthquake risks? 

• Parallel research on induced quakes 
related to enhanced geothermal and 
carbon sequestration 

Guy-Greenbriar 
Arkansas 



Areas of the U.S. with high seismicity rates 
compared to the National Seismic Hazard Model 

Content is preliminary and should not be considered a final USGS product. 

Llenos et al, 2013 





Oklahoma Earthquakes  
from 1973-2014 

~1300 earthquakes obtained from the USGS COMCAT 

• Seismicity increased 50% 
in just six months, from 
Oct. 2013-April 2014 
 

• More M>3 earthquakes in 
Oklahoma in 2014 than in 
California 





Response to ACEHR Recommendations 
• Provide Increased Monitoring to Assess the Impact of Induced 

Seismicity 

• Evaluate the impact of induced seismicity on seismicity rate 
models 

• Partner with private industry to provide additional funding for the 
installation of temporary seismic instrumentation in dense arrays 
near injection sites to collect ground motion data in the near-
source region. 

• The ICC should assist the USGS in engaging DOE to create a 
partnership that will assure access to CO2 sequestration sites in 
order to monitor induced seismicity both near and far from the 
sites, thereby addressing local seismic risks related to injection as 
well as providing new ground motion data to constrain attenuation 
models. 

 

 

 

 



• 12-station network installed by USGS in 2013 (green triangles), 
using surface and shallow borehole sensors.   

• Events to date are very small (Mw -0.8 to 1.1) and group into two 
clusters: Close to injection well and 1.8 to 2.6 km to the W-NW. 

• Most microearthquakes are in granite basement, well below the 
caprock, and are unlikely to have compromised seal integrity. 

• Earthquake relocations, a preliminary focal mechanism and 
stress directions suggest that some of this activity is due to 
reactivation of basement faults that are well oriented for slip. 

Monitoring at Decatur IL CO2 Sequestration Site 

N 

Injection 
Well 

Injection 
Well 

(2206 m 
deep) 

Injection Well 
(2206 m total 

depth) 
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Shake Alert 
CISN Earthquake Early Warning 

Status today: 

• Prototype system issuing alerts 

• System expansion completed in 
So. California [UASI funding] 

Next two years: 

• Complete Operational Prototype 

• Establish Federal-State-Private 
Partnership 

Receiving alerts today: 

•  50 research scientists 

•  Google.org 

•  BART 

•  Metrolink 

•  Amgen 

•  So Cal Edison 

•  CalEMA 

•  SF DEM 

•  L.A. City 

•  L.A. County 

•  UC Berkeley OEP 

•  many more… 



Recent investment in EEW 

 External grants R & D for EEW 
 Phase I & II (2002-2012)     $2,093,851 
 Phase III (2013-2015)  $1,577,000 

 
 ARRA California (2009-2011) $4,426,110  
 Network equipment upgrades 

 
 MultiHazards Project (2008-2014) $2,607,150 
 San Andreas sensors, digital upgrades, 

production computers, personnel  

TOTAL     $10,607,111   TOTAL    $6,480,534 

U.S.G.S. 
(2002-2014) 

 

Moore Foundation 
(2012-2014) 

Moore Foundation funding ends 
in 2014 and will not be renewed 

 Caltech      $1,996,888 
 

 UC Berkeley   $2,040,889  
 

 Univ. of Washington  $1,848,351 
 

 USGS    $   594,406 

 



EEW Status 

• Demo ShakeAlert has been sending EEW 
notifications since January 2012 

• Work is progressing on a production system 

• An implementation plan is completed and progress 
is being made despite limited resources. 

• Congress has indicate willingness to partially fund 
an operational system 

• USGS will operate a public system wherever it 
meets accuracy and reliability specifications. 

Shake Alert 
CISN California Integrated 

Seismic Network 



What is needed for early warning: 
•  Dense sensor network  

•  Quick, robust telemetry from sensors 

•  Algorithms for fast evaluation of events 
including… 

•  Large magnitudes 

•  Estimation of “finite fault” 

•  GPS 

•  Quick, reliable mass notification 

•  End user education 



Station Density 
• Upgrade “analog” stations 

to digital 
• Add RT/GPS coverage 
• Encouraging users to 

install sensors 
• Add telemetry to non-

telemetered sensors 

CISN Stations – not all are telemetered 

Newly upgraded site CI.CVW 

Sensor Type NCSS SCSN PNSN 
SUB-

TOTAL 

Seismic BB+SM 100 25 66 191 

Seismic SM 239 75 210 524 

GPS 100 50 156 309 



Rapid, reliable mass notifications 
• UserDisplay (user test) 
•  USGS became an “alert authority” for FEMA/IPAWS 
  (Integrated Public Alert Warning System) 

•  V 0.1 smartphone app (Google Cloud) 

CISN EEW “user display” 



Other Early Warning 
System Developments 
•  Aug. 2012 – BART went “live” with  
 PGA approach to EEW. 

  Other rail operators are interested 

•  Began social science testing of CMAS messages  
 for EEW (and testing for Earthquake Likelihood Forecasting) 

•  Opened EEW Web sites:  shakealert.org and  
 earthquake.usgs.gov/research/earlywarning 

•  Published west coast EEW Implementation Plan (April 2014) 

•  Computers were delivered to build the “production system” 



Full West Coast 
Implementation 

(estimate from 2014 EEW implementation plan) 

• New personnel  
• bring ANSS network staffing to robust levels 
• EEW implementation and testing 
• EEW operation and user outreach 

• 700 new or upgrades seismic stations & 300 GPS stations 
• Significant field telemetry upgrades 
• Support for continued R & D 

 

California Pacific 
Northwest 

West Coast  
(CA+PNW) 

One-Time 
Construction costs $23.1M $15.2M $38.3M 

Annual Operation & 
Maintenance $11.4M $4.7M $16.1M 



Congressional Support for 
EEW 

• House report:  “the Committee provides $5,000,000 
from within the funds provided for Earthquake 
Hazards to transition the earthquake early warning 
demonstration project into an operational capability on 
the West Coast. 

• Senate report: “Within the Earthquake Hazards 
Program, an increase of $5,000,000 is included for 
development of a public earthquake early warning 
pilot program, which will support work in both the Los 
Angeles and San Francisco Bay areas.” 



Summary of Issues 
• GSN: primary sensor installation 

• CEUSN: long-term operating funds 

• EEW:  Operating costs for public system 

• ANSS:  decreasing ability to support small, 
research-focused networks in lower-risk areas. 

• NEHRP:  Increasing demands for USGS work 
on broader NEHRP activities 

• NEHRP: reauthorization needed 

 



NEHRP Advisory Structure 

SESAC 
(FACA) 

ANSS 
Steering 

Committee 

NSHM 
Steering 

Committee 

GSN 
Standing 

Committee 

NEPEC 
(FACA) 

IRIS Board 

USGS GSN USGS EHP 

House Science 
Committee 

National Earthquake 
Prediction Evaluation 

Council 

Advanced National 
Seismic System 

National Seismic  
Hazard Model 

Earthquake Hazards Program Global Seismographic Network 

FACA is the Federal  
Advisory Committee Act 

Scientific 
Earthquake 
Studies  
Advisory  
Committee 

Advisory  
Committee 
For Earthquake 
Hazard 
Reduction 

 ACEHR  
(FACA) 
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