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SCEC UseIT Program

● Undergraduate Studies in Earthquake Information Technology
● Over 250 participants from 35+ institutions since 2002
● About 25 interns in STEM

 and media fields spend
8 weeks at USC

● Goal is to encourage careers
 in science and engineering

● Each year, a “Grand
Challenge” is issued

● In 2016, decided to include
HPC



2016 SCEC UseIT Grand Challenge
● Five main components:

1. Use physics-based earthquake simulators on HPC resources to generate long 
(>100,000 years) catalogs of simulated earthquakes.

2. From these catalogs, generate forecasts of large (M>7) earthquakes on the southern 
San Andreas fault.

3. Estimate the probability of multiple large earthquakes within a short time interval (1 
week, 1 month, 1 year).

4. Compare these results to the official Uniform California Earthquake Rupture Forecast.

5. Visualize the results.

● 58% of interns had no earth science experience
● 31% had no programming experience



What is an earthquake forecast?

● Long-term (decades), unlike a
short-term prediction

● Can identify most likely faults
● Typically, forecasts rates, not hazard
● Improvements to forecasts translate

into reduced risk
● Many types of data may be used

as input to forecasts
– Historical earthquakes

– Slip

– Stress models



Earthquake Simulators

● Physics-based simulation of 
fault system

● Generate multi-thousand-
year catalogs of events

● Can mine for statistics you 
can't get from historic 
catalogs

● Selected SCEC community 
code, RSQSim, for interns 
to use



UseIT Teams
● High Performance Computing team

– Responsible for generating RSQSim catalogs

● Probabilistic Forecasting team
– Computed statistics from catalogs to generate forecasts

● Catalog Visualization team
– Developed in-house SCEC-VDO software to visualize catalogs and forecasts

● Hazard and Risk Visualization team
– Computed shake maps and losses from various events

● Media team
– Created virtual and augmented reality apps, and a documentary of the intership



HPC Team

● 5 interns with greatest interest in HPC 
● Used almost 700,000 core-hrs to simulate 1M+ years of earthquakes 

with varying model parameters on NCSA Blue Waters
● Performed post-processing and data analysis at USC HPC
● Toured USC HPC facility
● One is at SC16 as part of the HPC for Undergraduates Program



HPC Team: Comparisons
Best Fits

* Average values
 per 10,000 years



HPC Team: Results



Probabilistic Forecasting Team: Results

Los Angeles

Southern San Andreas Fault



Probabilistic Team: Recurrence Intervals
Recurrence 
interval: 

92 yrs

Recurrence 
interval: 

223 yrs



Visualization Team



Hazard and Risk Team
Event One: Puente Hills Event Two: Whittier



Hazard and Risk Team: Loss Estimates

Total Loss: $198,371,640,000



Future Plans

● Based on this year's success, plan to continue integrating HPC in 
UseIT

● RSQSim will be used for real-time operational earthquake forecasts
● Potential to integrate earthquake

simulator data into next iteration
of official California earthquake
rupture forecast



Questions?

16
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