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Introduction

• Each time earthquakes strike, researchers, engineers, and scientists 
discover something they had overlooked in the past and make another 
successful step toward better understanding these complex natural 
phenomena. 

• Earthquake engineering has evolved in concert with unexplained 
information collected from field surveys after major earthquakes. 

• 1906 San Francisco, California 
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• 1906 San Francisco, California 
• 1964 Alaska, USA 
• 1964 Niigata, Japan 
• 1971 San Fernando, California  
• 1989 Loma Prieta, California 
• 1994 Northridge, California 
• 1995 Hyogoken Nanbu, Japan

• How did the reports of post-earthquake surveys have evolved with 
GPS and the Internet? 
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1993 Mosaic, 1994 WWW

• 1980: Born at CERN
• 1993: Mosaic web browser developed by a team at the 

National Center for Supercomputing Applications (NCSA) 
at the University of Illinois at Urbana-Champaign (UIUC). 

• April 1994: Mosaic Communications Corporation changed 
its name to Netscape, and the browser was developed 
further as Netscape Navigator.
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further as Netscape Navigator.
• May 1994: First International WWW Conference, 
• September 1994: the World Wide Web Consortium (W3C) 

is founded 
• November 1995: HTML 2.0 was published
• January 1996: Google is a research project at Stanford.
• September 1998: Google Inc.

• Source: Wikipedia



Evolution of Web Reports

• Prehistory: Hard copy reports

• Early Age: GPS, Mosaic and HTML
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• Middle Age: GIS and IMS

• Renaissance: Google, Wikipedia & Photo Metadata

• Future: Virtual earthquakes



Web 
reports 

on 
GEES 
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website



Growth of information on GEES
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Early Internet Documents
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1999 Kocaeli, Turkey, Earthquake
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GIS-IMS Kocaeli, Turkey, Earthquake
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November 28, 2000 12



ArcView IMS Programming
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March 21, 2001 13



Renaissance: Google Maps
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Serving Spatial Data with Google

�

Apache HTTP
Web server PHP

Red Hat 
Enterprise 4 

Web browser

Web browser Web browser
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PostgreSQL
DBMS

Enterprise 4 

InternetInternet

Server



Google: 1999 Kocaeli, Turkey, Earthquake
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Google: 1999 Kocaeli, Turkey, Earthquake
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1999 Chichi, Taiwan, Earthquake
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1999 Chichi, Taiwan, Earthquake

Sonny Astani

Department of Civil and 
Environmental Engineering



2001 Bhuj, India, Earthquake
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2001 Bhuj, India, Earthquake
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2003 Niigata-Chetsu Earthquake
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2003 Niigata-Chetsu Earthquake
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2003 Niigata-Chetsu Earthquake
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2003 Niigata-Chetsu Earthquake
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Document and Share Information

�

Web browser

Web browser Web browser

GPS tracks

Photos

Video clips

Information Documenting Information Sharing
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Geo-reference photos
Create HTML Web reports
Create GIS features

HTML Web 
reports

GIS models

InternetInternet

InternetInternet

Server

GPS tracks Video clips



Geo-referencing photos 
using time stamp and GPS track
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Embedded Metadata

• Embedded metadata
• embed data about an image into the image file itself.

• Embedded metadata can be written using
• EXIF (Exchangeable Image File Format)
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• EXIF (Exchangeable Image File Format)
• IPTC (International Press Telecommunications Council)
• XMP (Extensible Metadata Platform)

• Embedded metadata 
• can be extracted and gathered into databases.
• are recognized by many applications, e.g., viewers, 

editors, and image archiving applications. 
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Virtual Reality
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Virtual Earthquakes

• Earthquakes are not virtual; they actually occur.

• “Virtual earthquakes” are models that comprehensively integrate a 
large volume of heterogeneous time-stamped geospatial data on 
earthquake effects to describe, preserve and display time-sensitive 
information of importance to science, engineering, and our society, so 
that everyone can navigate and observe the earthquake damage as if 
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that everyone can navigate and observe the earthquake damage as if 
they had participated in the post-earthquake field surveys. 

• Virtual earthquakes are to 
• Visualize earthquake damages in 3D, possibly 4D 
• Immerse into a virtual reality to explore observations on 

earthquake effects on population and built environment. 
• Educate students and instruct our society about the potential risks 

of damaging earthquakes.
• Train rescue teams for emergency operations.



Pilot Virtual Wenchuan Earthquake

• Sponsored by GEER and the US National Science Foundation 
• Collaboration with the Chinese Earthquake Authority, Zifa Wa
• Tong Qiu, Clarkson University
• David Frost, Georgia Institute of Technology 
• Team member of Geo-Engineering Earthquake Reconnaissance 
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• Team member of Geo-Engineering Earthquake Reconnaissance 
(GEER) 

• Earthquake Engineering Research Institute (EERI). 

• Photos are embedded with metadata
• Photos are displayed on GEES in two different ways: 

1. HTML Web photo albums
2. KMZ files viewable using Google Maps and Google Earth. 



Workflow 
for sharing 

photos with 
embedded 

Categorize photos

Picture files
With time stamps

GPS tracks

Geo-coded photos

Theme albums

Geo-reference Photos

Annotate Photos

Synchronize times 
Geo-code photo
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embedded 
metadata

Transform

1. HTML album
2. Google Earth files
…

Archive

Add captions

Categorized photos 
with metadata

Internet



2008 Wenchuan Earthquake
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2008 Wenchuan Earthquake

Sonny Astani

Department of Civil and 
Environmental Engineering



2008 Wenchuan Earthquake
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2008 Wenchuan Earthquake

Sonny Astani

Department of Civil and 
Environmental Engineering



2008 Wenchuan Earthquake
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2008 Wenchuan Earthquake
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Building Virtual Earthquakes

• Building a virtual earthquake requires a large volume of time-
stamped and geo-referenced data and metadata 
• before and
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• after the earthquake. 

• Post-earthquake data could be generated using a team 
approach, in which many investigators share the geo-
referenced photos with embedded metadata they collected 
during field surveys. 



Building Virtual Earthquakes Together

�

Internet InternetInternet

PER researcher

PER researcher

Data
upload

Data
download

Web browser

Web browser
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Google Street View
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Google Street View
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Wikipedia
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Wikipedia Growth
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Wikipedia and 
2008 Wenchuan Earthquake
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Conclusion 

• Web reports about earthquakes have evolved since 1995 due to 
GPS, digital cameras, and web technologies. 
• Contain quantitative information on positions, times and 

characteristics of observations. 
• Virtual earthquakes 

• Harvest data from photo repositories and other sources. 
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• Harvest data from photo repositories and other sources. 
• Metamorphose web/map reports using geo-coding 

and photo metadata. 
• Reproduce and share field experiences
• Involve the public

• Virtual earthquakes may have profound impacts for 
• Research and education
• Teaching everyone about earthquakes
• Training rescue teams
• Making a safer world.



Thank You
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Thank You
http://gees.usc.edu/GEES


