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The PEER June 2021 Pacific Rim Forum on 
Regional-Scale Earthquake Simulations
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Identified a priority need to create an open-access database of
simulated ground motions for both research and practitioner communities 

241 participants 
41 presenters



As a follow-on to the Forum, PEER created a 
Simulated Ground Motions Database Committee
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SMGD Committee’s long-view mission flowing 
out of the Pacific Rim Forum discussions
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DEFINE the path forward for the 
progressive inclusion of simulated 
ground motions in a PEER database

IDENTIFY compelling use cases to 
evaluate utility and early success of 
simulated ground motions use

PROVIDE guidance on the appropriate 
use of simulated ground motions in PBEE

DEVELOP a plan for the 
characterization of uncertainties

Objectives Search Type

-- Select one --

Surface motions

Volume of motions

PEER Simulated Ground Motion Database

Simulated Ground Motion Database

Next

PEER Simulated Ground Motion Database

Fault

-- Select one --

GLAA - Greater Los Angles Area 

SA – San Andreas Fault

R – Raymond Fault

Region

ALL – All

ExampleSurface Motions – Search Parameters

PEER Simulated Ground Motion Database

Surface Motions – Search Parameters

Search stations by distance
Rrup Min/Max (km):

Search by site latitude/longitude

Tolerance (Lat/Long)Latitude

Longitude

34.0135

-118.242701

1.0

Search by array of stations
Arrays parallel to the fault: distance from fault (km)

Arrays normal to the fault: max distance from fault (km)
or

e.g., 2 km

e.g., 2 km

0,15

Example

Example user

interface
Metadata

User interface
etc.



Two concurrent projects on regional-scale 
earthquake simulations are underway
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EQSIM - Advanced workflow and GPU-based platforms for regional-scale 
simulations of ground motions, infrastructure response and data display

PEER SGD - A framework for efficient data storage and fetching 
for Performance Based Earthquake Engineering (PBEE) applications 

+

Old - Spatially sparse measured motions New - Spatially dense simulated motions

T = 13.2s 



Regional-scale
domain

Geophysics ground motion
simulations

(billions of zones)

Infrastructure response 
simulations

(thousands of stations)

Infrastructure
demand / risk

Geophysics Engineering

The EarthQuake SIMulation (EQSIM) application 
was purpose-built for exaflop systems

What is the regional distribution of ground 
motions and associated infrastructure response?

How do complex (realistic) incident 
seismic waves interact with infrastructure?

- Surface waves
- Inclined body waves
- 3D site response
- SSI

Key questions to be addressed…

20 story
steel 

building
T=13.2 

seconds 
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DOE’s new exaflop platforms are here! 
Frontier is in final stages of acceptance testing
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ExaFlop

PetaFlop

TeraFlop

Japan
Earth Simulator

US DOE
BlueGene/L

China
Tianhe-2A

China Sunway
TaihuLight

US DOE
Summit

Japan
Fugaku

US DOE Frontier

US DOE
Roadrunner

Data from: Top 500 list at top500.org

US DOE
ASCI Red

Perlmutter, GPU-accelerated
71 Pflop/s Top500 #7

Lawrence Berkeley National Lab      

Summit, GPU-accelerated
148 Pflop/s Top500 #4

Oak Ridge National Lab

Frontier, 2022, GPU-accelerated
1,102 Pflop/s Top500 #1

Oak Ridge National Lab 



Three distinct components of workflow have 
been advanced for fault-to-structure simulations
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Component 1
Regional simulation of 

ground motion

Component 2
Regional simulation of 
infrastructure response

Component 3
Interactive display and 
interrogation of large 

datasets 



The EQSIM workflow stitches these together for 
regional-scale, fault-to-structure simulations

Geophysics 

Engineering

Regional 
geophysics
model

Store 
compressed 
near-surface 
ground motions

High fidelity 
ground motion 
simulation

Regional-scale
domain

Geophysics ground motion
simulations

(billions of zones)

Infrastructure response 
simulations

(thousands of stations)

Infrastructure
demand / risk

Billions of zones

Billions of stations

200,000+ time steps

Surface 
motions

Volume
motions

Engineering risk
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Regional Geophysics Model 
(M7 Hayward fault earthquake)

Building location

Local Soil / Building Model
- Soil-structure interaction
- Complex 3D waves

ASCE 43-05 Limit States

0 0.5% 1.0% 2.5% 3.5%

Increasing 
damage

10

Fmax 10 Hz Vsmin 140 m/s
391 Billion grid points

120 Km

80 Km

OpenSees

SW4



GPU-accelerator platforms have expanded 
the higher fidelity regional simulations 
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∝Computational 

Effort (Model Volume)  x  (Earthquake Duration)  x  (Freqmax / Vsmin)4



GPU-accelerator platforms provide faster 
turn-round for multiple regional simulations 
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T = 13.2s 

One realization
Fmax = 5Hz

Vsmin = 250m/s
29.6 billion grid points

Wall clock time = 9 hrs

T = 13.2s 

T = 13.2s 

One realization
Fmax = 10Hz

Vsmin = 140m/s
391 billion grid points

Wall clock time = 42 hrs

One realization
Fmax = 10Hz

Vsmin = 140m/s
391 billion grid points

Wall clock time = TBD   

9000 nodes
8 GPU / node

4608 nodes
6 GPU / node

1536 nodes
4 GPU / node
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For the PEER SGD, we will use GPU platforms 
for 10 realizations of a M7 Hayward fault event 

Time (s) Time (s) Time (s) Time (s)

G
ro

un
d 

A
cc

 (g
)

FN FP

-0.36g
0.36g

0.5g

0.65g

-0.33g

-0.6g

-0.63g

0.76g

-0.82g

10 20 30 10 20 30

-0.32g

-0.26g
-0.37g

-0.78g

-0.77g

-0.54g

-0.47g 0.82g

0.86g

-0.28g
0.35g

-0.45g
0.52g

0.93g

-0.42g

-0.54g
0.25g

-0.6g

10 20 30

0.55g

0.45g

-0.48g
1.67g

1.42g

-0.7g0.81g

-1.14g

-1.22g

10 20 30

We observe substantial 
inter - event variability Ten Hayward fault M7 realizations

(Graves-Pitarka rupture model)
Initially 5Hz 250m/s

m7.00ï62.5x16.0_s600ïrvf0.75ïG1_6_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 117 / 425

0

100

200

300

400

500

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.6

1.2

1.8

2.4

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

4Hz slipïrate (cm/s) 0 / 519 / 1228

0

600

1200

m7.00ï62.5x16.0_s100ïrvf0.75ïG1_5_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 117 / 477

0

100

200

300

400

500

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.6

1.2

1.8

2.4

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

4Hz slipïrate (cm/s) 0 / 514 / 1186

0

600

1200

m7.00ï62.5x16.0_s400ïrvf0.75ïG1_4_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 119 / 449

0

100

200

300

400

500

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.6

1.2

1.8

2.4

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

4Hz slipïrate (cm/s) 0 / 528 / 1234

0

600

1200

m7.00ï62.5x16.0_s200ïG9_5_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 418

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 568 / 1313

0

400

800

1200

1600

m7.00ï62.5x16.0_s200ïG9_6_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 418

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 568 / 1313

0

400

800

1200

1600

m7.00ï62.5x16.0_s1485839278ïrvf0.75_v5.4.2a_100m
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 410

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 597 / 1263

0

400

800

1200

1600

m7.00ï62.5x16.0_s1485839278ïrvf0.75_v5.4.2a_b_100m
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 410

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 597 / 1263

0

400

800

1200

1600

m7.00ï62.5x16.0_s200ïG9_5_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 418

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 568 / 1313

0

400

800

1200

1600

m7.00ï62.5x16.0_s200ïG9_6_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 418

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 568 / 1313

0

400

800

1200

1600

m7.00ï62.5x16.0_s200ïG9_6_v5.5.0_HB
0

5

10

15

W
 (k

m
)

Slip (cm) 0 / 113 / 418

0

200

400

600

0

5

10

15

W
 (k

m
)

Rise Time (s) 0 / 1 / 3

0.0

0.5

1.0

1.5
2.0

2.5

3.0

0

5

10

15

W
 (k

m
)

0 5 10 15 20 25 30 35 40 45 50 55 60

 Length(km)

5Hz slipïrate (cm/s) 0 / 568 / 1313

0

400

800

1200

1600

Slip (cm)

Rise time (s)

Slip rate (cm/s)

W
id

th
 (k

m
)

Length (km) 800

0

15
0

15
0

15

800 800

0

15
0

15
0

15
0

15
0

15
0

15

Sl
ip

 (c
m

)
R

is
e 

tim
e 

(s
)

Sl
ip

 ra
te

 (c
m

/s
)



This dataset will help frame the elements of 
simulated ground motion data management 
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• Spatially dense grid of ground motions from high fidelity simulations
• Need to include multiple rupture realizations for a given earthquake scenario
• Users must have a down-sampling capability from a baseline dataset
• Database design should proceed with future scalability in mind

Rupture and seismic
wave propagation

Option 2
Near-surface 

volume motions

Option 1
Ground surface 

motionsHDF5
Data 

container

ZFP
Data 

compression
option

t1

t2



M
eg

a
G

ig
a

Te
ra

Pe
ta

1 Million sites 1 Billion sites

San Francisco
Bay Area Domain

(120 km x 80 km  x 30 km)

3.14B
sites 
1.75m

spacing

3.22PB

74.9TB38,800 
sites

0.5km
spacing

9,801 
sites
1km

spacing

2,501 
sites
2km

spacing

PEER
NGA

21,540
sites

60 GB

Resulting Compression 

ratio = 43

Ten 90 second Hayward fault earthquake datasets
Time step size = 0.01 sec

Each data value = 32 bit floating point

Compression 

tolerance = +/- 0.01

# sites ~120,000/d

# sites ~80,000/d

d

d

Computational
grid site density

Down-sampled grid site density

Fmax = 10 Hz
Vsmin = 140 m/s

15

Surface
Motions
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An LBNL interactive tool has been developed 
for data display and user download of data



Click to select sites, motion components and GMPE comparison

17



We are leveraging the expertise and work 
of many critical EQSIM contributors
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