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Ground Motion Hazard:
Next Generation Attenuation 

Projects (NGAs)



 Models to scale ground shaking with 
respect to fundamental parameters 
such as earthquake magnitude, site-
to-source distance, local soil 
condition,...

 For any seismic design or evaluation 
you need such scaling models

 They are heavily used in Probabilistic 
Seismic Hazard Analysis (PSHA)

 And in National Seismic Hazard maps 
that are basic data for seismic design 4

NGA Models



NGA projects
 Three separate NGA projects have been 

coordinated by Pacific Earthquake Engineering 
Research Center (PEER):

 For active crustal EQs (like California, 
Japan, Turkey, Taiwan,…):  NGA-West

 Stable continental regions (like central 
& eastern US, a good portion of Europe, 
South Africa,…):  NGA-East

 For subduction EQs (like Pacific 
Northwest and northern California, Japan, 
Chile, Peru,…):  NGA-Sub
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In all NGA projects…

 We develop databases of empirical and 
simulated ground motion data

 Databases are public

 Researchers and practitioners use databases 
continuously

 Highly collaborative and teamwork
research among researchers and 
practitioners 



NGA-Subduction
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NGA-Subduction
 The focus so far has been on 

development of the database

 This is an international project in 
collaboration among:
 US,  Japan, Taiwan, Chile,…

 Funded by:
 FM Global

 USGS 

 Caltrans



Region # of 
Recordings

3-comp 
each

# of 
Recordings M 

> 7

# of 
Events

# of Events, 
M > 7

Japan 31,699 10,564 96 28
Taiwan 10,713 409 74 1
South 

America
1,777 353 310 28

Pacific 
Northwest

1,645 17 20 2

Alaska 16,728 408 588 5
Total 96,018 11,751 1,088 64

NGA-Subduction database

Database includes 96,018  3-component recordings
288,054 records

By a factor of 4.5 larger than NGA-West2 database



NGA-Sub plan

 To develop models for Japan and Taiwan

 We have over 90,000 records from Japan

 > 30,000 records from Taiwan

 Then generalize the models for other 
regions and worldwide

 NGA-Sub will be completed by mid 2017
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NGA-East
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NGA-East  
 Goal: To develop next 

generation Ground 
Motion Prediction 
Equations (GMMs)   for 
Central & Eastern US

 Sponsors: NRC, DOE, 
EPRI, USGS

 Evaluation of 100 
nuclear power plants 
in the US will be based 
on this project



NGA-West2 NGA-East

Central & Eastern North America

NGA-East empirical database
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Central & Eastern North America

NGA-East empirical database
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The 

Courtesy: Goulet

Over 10,000 records

The database is available 
online: both response 
spectra and time series  
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NGA-East empirical database

Courtesy: Goulet

NGA-West2 NGA-East

Central & Eastern North AmericaCrustal EQs in 
Active Tectonic Regions



 Empirical data are not sufficient to 
develop ground motion models

 Most models are heavily based on 
simulations
 Point-source simulations

 Finite-source simulations for magnitude 
scaling
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NGA-East ground motion models



NGA-East ground motion models
 18 new models 

were developed 
by various teams

 These models 
were used as 
“seed” models to 
general a “model 
space”

 29 models were 
then selected 
from the model 
space
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Several PEER reports have 
already been published
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 Technical tasks have all been completed

 Documentation and regulatory reviews 
are on-going

 Expected to finish by April 2016

 The PEER final (synthesis) report will be 
published by NRC as a NUREG report

 Overall, about 55 people have worked 
on various pieces of this project 

NGA-East status



NGA-West Projects
Shallow Crustal Earthquakes
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NGA-West1

 Initiated October 2003

 In 2008, NGA ground motion models 
(GMMs) were finalized

 USGS adopted the NGA-West1 GMMs for 
the US National Seismic Hazard Maps

 NGA-West2 was a follow-up of NGA-
West1 

 Funded by Caltrans, PG&E, and CEA



Update worldwide database
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From  NGA-West1  to  NGA-West2  the  size  of  
database  was  increased  by  a  factor  of  6

Update worldwide database

NGA-West2  database  includes  over  
21,000 three-component  recordings…                    

(over 63,000  records)



 All spectra have already been posted 
for the public

 Actual time series (“time-histories”) are 
available for download through PEER 
on-line ground motion database:

 http://ngawest2.berkeley.edu/

 The web site tool has been in service 
for more than a year now 

 To date, the site has 14,239 users

 With a total of 1,565,824 downloads

Public availability of NGA-West2 
database



Status of NGA-West2 models for 
horizontal motions
 Completed in 2014
 USGS adopted the five models for 

development of the US National Seismic 
Hazard Maps

 Seismic design and evaluation of all civil 
engineering facilities in the western US 
are affected by this project, like its 2008 
version



NGA-West2 other research projects 
have also been successful

 Ground motion models for vertical 
component have been developed

 NEHRP soil classifications in the building 
code are being redefined by NGA-West2 
site response study 

 Definition of “aftershocks” has been 
updated since decades ago for the 
purpose of hazard analysis

 ... 
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Intellectual impact of NGA-West 
project
 NGA publications have been heavily cited
 For example, some NGA papers have 

been cited over 700 times since 2008
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Plan for the future of NGAs
 NGA-Sub is on-going (until May 2017)
 NGA-East is being completed

 Numerous publications will be prepared
 A set of national seminars will be organized to 

present final findings
 NGA-West3 is being planned

 For 2018-2019 update of ground motions
 Database will be updated
 New methodology to characterize ground motion 

hazard is being developed
 Effects of “hard rock”, “soft soil”, topographic, 

aftershocks, inelastic response,...will be 
investigated

 ...
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Thank You!

Yousef@Berkeley.edu


