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Purpose and contents

This report documents the design and current contents of the QuakeTables
Fault Database developed for the QuakeSim project. An alternate, descriptive
title of the QuakeSim project is “Numerical Simulations for Active Tectonic
Processes: Increasing Interoperability and Performance.” The objectives of
the QuakeSim project are to:

* Develop a solid Earth science framework in order to better understand
active tectonic and earthquake processes.

* Construct a fully interoperable system of tools for studying these
processes.

The QuakeSim project includes a web accessed, public database of geologic
and modeled faults with geometric, kinematic and neotectonic parameters.
The fault database is herein named QuakeTables. The contents of
QuakeTables can be used to cross-validate different simulation methods,
explore competing theories of plate boundary development, perform case
studies with widely accepted assumptions, and provide input for visualization
software to display simulation results. QuakeSim is sponsored by the NASA
Earth Science Enterprise, in partnership with Goddard Space Flight Center,
with the full participation of the related science and technology communities.
Additional information and documentation is posted on the QuakeSim
homepage http://quakesim.jpl.nasa.gov/.

This report is a reference guide that describes the parts and functions of
QuakeTables to fulfill a documentation requirement for a QuakeSim project
milestone. It is not intended to be a user guide, although it does provide useful
information for QuakeTables users.

System Architecture

Background

The QuakeTables database system manages a variety of types of earthquake
science data and information. There are pre-existing collections, with web-
based access interfaces; there are also some structured collections managed
by general-purpose database management systems. This new database
enables the characterization of dynamically-defined earthquake faults.

In past work we have developed XML Document Type Definitions to describe
various parameters of earthquake faults and input data. We developed the
QuakeTables earthquake fault database based on the previous work. We
continue to work with communities that have begun to establish data
standards, such as the seismic community (effort led by Berkeley), and the
International GPS Service.
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There has long been a need for establishing a database of faults for seismic
hazard analysis. Several databases have been constructed for this purpose
by the U.S. Geological Survey (USGS), the California Geological Survey
(CGS) and the Southern California Earthquake Center (SCEC), each with a
different format. The primary goal of the existing databases [e.g. WGCEP,
1995; Petersen et al., 1996; Cao et al., 2002] and current collaborative efforts
by USGS, CGS and SCEC on the "RELM" database, is to provide input for
probabilistic assessment of ground motion parameters. Existing databases
are not compatible and are not suitably formatted or readily accessible for
simulations. For example, much of the focus has been on establishing
whether or not certain faults exist or are "active" as defined by the state of
California, and how their proposed geometries would affect ground motion
estimates.

Most faults in the existing databases have been divided into characteristic
segments that are expected to rupture as a unit. Geologic slip rates are
assigned to large segments rather than to the specific locations (i.e.
geographic coordinates) where they were measured. These simplifications
and assumptions are desirable for seismic hazard analysis, but they introduce
a level of geologic interpretation and subjective bias that is inappropriate for
simulations of fault behavior. The QuakeTables database includes primary
geologic and paleoseismic fault parameters (fault location/geometry, slip rate
at measured location, measurements of coseismic displacement, dates and
locations of previous ruptures, etc.) as well as separate interpreted/subjective
fault parameters [Grant, 1999] such as characteristic segments, average
recurrence interval, magnitude of characteristic ruptures, etc. Both parameter
types will be updated as more data are acquired and interpreted through
research and the numerical simulations. Additionally, the database includes
model material parameters for rectilinear layers.

To support this earthquake fault database and others, we acquired and
employed a state-of-the-art commercially-available general-purpose database
management system (MySQL). In particular, we utilized a basic relational
database management system running on a PC under LINUX. These systems
support the definition, storage, access, and control of collections of structured
data. To meet the needs of the simulation community, the database supports
the following features:

» extensible type definition capabilities in the database management
system (to accommodate application-specific kinds of data)

» the ability to combine information from multiple databases
* mechanisms to efficiently return XML results from requests

The system architecture for QuakeTables is shown in Figure 1. A simplified
extended entity relationship (EER) schema for the initial QuakeTables
database is shown in Figure 2. The parameters are defined in the data section
of this report. A relational implementation of the database shown in simplified
form in Figure 2 is described in detail in Appendix B.
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Design Requirements

This system allows the user to operate on the data through an Internet
connection currently at http://infogroup.usc.edu:8080/index.html. Prospective
users should contact one of the above authors for a user name and password.
The user interface is browser-based. Java Script must be supported at the
user’s side. The requirements of this system are the following:

1. Hardware Requirements (HR):

HR1: The user shall have a computer that has network access.
HR2: The server shall have Internet connection.

HR3: The server shall allow Hypertext Transfer Protocol (HTTP).
2. Software Requirement (SR)

SR1: The user shall have web browsers.
SR2: The PC on the user’s side shall support Java Script program.

SR3: The server shall have an operating system that supports multi-
tasking.

SR4: The server shall have one database management system for
keeping data.

SR5: The server shall deal with the web base request from users.

3. Security Requirement (ER)

ER1: The system shall only allow Hypertext Transfer Protocol (HTTP) for
the end user.

4. Scalability Requirements (AR)
AR1: The system administrator(s) can extend the functionality at any time.

AR2: The system administrator can add more tables and insert additional
data anytime.

5. System Feedback Requirements (FR)

FR1: The system shall pop-up an error message dialog box after invalid
data input.

FR2: The system shall provide enough information about request
processing status.

6. Performance Requirement (PR)

PR1: The system shall provide a response time within 10 seconds.

7. Operational Requirements (OR)
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OR1: The system shall provide a method of inserting data.

ORZ2: The system shall provide a method of deleting data.

OR3: The system shall provide a method of reviewing data.

OR4: The system shall provide the contact information for the end user.

ORS: The system shall provide a log of all events generated during
operation.

HTML
Infogroup Server

/ HTTP GH T/POS'E JSP/Servlet \
Web Client —b {

Web browser HTML Tomcat Coyote

Web_Server

Internet

N

Fault Database
MySQL

DBMS

Figure 1. System Architecture.
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* This attribute is defined for the California Geological Survey (CGS) fault data set.

Figure 2. A simplified extended entity relationship for the QuakeTables fault
database.

Operating System
The operating system installed in our server is Linux, Red Hat 8.0-x86.

Web Server

Apache and Jakarta Tomcat V. 4.1 were installed on our server in order
to support web pages (HTML) and JavaServer Pages (JSP).

Database Management System

MySQL 3.23 is used as our backend database management system.
MySQL was chosen because it runs on multiple platforms: both web and
standalone interfaces are available, and it also has a large testbed for an
open source community. Therefore, it provides stable performance in
web environments. Consequently, it fits our current needs better than
other commercial DBMS, and it is free.
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Implementation

User Interface

Hypertext markup language (HTML) and JavaScript are used to program our
user interfaces. HTML is used on the World Wide Web and provides the basis
for web pages. JavaScript is employed to check input errors and provide
alerts to the end users. Our user interfaces are in the formats of forms to
provide simple but sufficient functions. Currently, our system does not directly
support getting faults in a spatial range. The graphic-based queries will be
supported by the future QuakeSim portal or other programmed interfaces that
can provide such user-friendly features.

The user interface at http://infogroup.usc.edu:8080/index.html is browser
based.

When the user clicks on submit (here means “insert”, “select”, or “delete”), the
backend corresponding JSP programs will be called to further process the
request. Separate user interfaces for managing the CGS data set were
created to simplify the data entry jobs. The data are sent to the same fault
database. Main user interfaces for the fault database are designed to manage
all data sets, including the CGS data set. Currently, the interfaces for
managing the CGS data set are not available to common users.

Functionality

Insert Data

The insert data function is handled by two programs: Insert.jsp and
insert.jsp (one program begins with an upper case “I” and the other with a
lower case “i”. The name of each program is underscored in this

documentation).

Insert.jsp:

There are four purposes of the routine: getting parameters, validating the
data, showing a confirmation message, and passing parameters to
insert.jsp. The validation of data falls into two categories: existence and
format. Existence means that certain parameters must be assigned some
values. In Figure 3, one example of our error message regarding the
existence check is shown.
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Figure 3. Error message for requiring value for parameter Author1.

Some parameters have to be entered in specified formats. For example,
parameter Year has to be a four-digit and an integer number. In Figure 4,
we display another example of our corresponding error message.
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Figure 4. Error message for incorrect format.

A confirmation message will pop-up before the parameters are passed to
insert.jsp. Values of four parameters, Fault ID, Fault Name, Segment ID,
and Segment Name, will be shown in the pop-up window and the system
will ask our user to confirm the inputs. In Figure 5, we show the
confirmation message.
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Figure 5. Confirmation message.

insert.jsp
insert.jsp will get the parameters from Insert.jsp, form SQL queries, call
JDBC connection to our DBMS, and execute queries. After successfully
executing queries, a message will be shown in the browser to inform the
user of completion of the insertion.

Select Data

The select data function is handled by two programs: Select.jsp and
select.jsp (one program begins with an upper case “S” and the other with a
lower case “s”. The name of each program is underscored in this
documentation).

Select.jsp:

Select.jsp performs three actions: getting parameters, validating the data,
and passing parameters to select.jsp. These actions are the same as
those of Insert.jsp.

select.jsp

select.jsp will get the parameters from Select.jsp, form SQL queries, call
JDBC connection to our DBMS, execute queries, and print out the query
results in the browser. If no parameter is specified, all data in QuakeTables
would be shown.
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Delete Data

The delete data function is handled by two programs: Delete.jsp and
delete.jsp (one program begins with an upper case “D” and the other with
a lower case “d”. The name of each program is underscored in this
documentation).

Delete.jsp:

This program will get parameters, validate the data, and pass parameters
to delete.jsp. These actions are the same as those of Insert.jsp.

delete.jsp

This routine will get the parameters from Delete.jsp, form SQL queries, call
a JDBC connection to our DBMS, execute queries, and print out the query
results in the browser. The cascade deletion is not allowed. Therefore, an
error message will be shown if the user doesn’t specify any parameter. In
Figure 6, we display the error message regarding to this.
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Figure 6. Error message regarding to forbidden cascade deletion.

Insert Layer Data

The insert layer data function is handled by two programs: Insert_Layer.jsp
and_insert_Layer.jsp (One program name here begins with an upper case

“” and the other with a lower case “i". The name of each program is
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underscored in this documentation).

Insert Layer.jsp:

Like Insert.jsp, this routine is designed for four purposes: getting
parameters, validating the data, showing confirmation message, and
passing parameters to insert_Layer.jsp.

insert Layer.jsp:

insert Layer.jsp will get the parameters from Insert Layer.jsp, form SQL
queries, call JDBC connection to our DBMS, and execute queries. After
successfully executing queries, a message will be shown in the browser to
inform the user of completion of the insertion.

Select Layer Data

The select layer data function is handled by two programs:
Select Layer.jsp and select Layer.ijsp .

Select Layer.jsp:

Select Layer.jsp performs three actions: getting parameters, validating the
data, and passing parameters to select Layer.jsp. These actions are the
same as those of Insert_Layer.jsp.

select Layer.jsp

select Layer.jsp will get the parameters from Select Layer.jsp, form SQL
queries, call JDBC connection to our DBMS, execute queries, and print out
the query results in the browser. If no parameter is specified, all data for
Layer in QuakeTables would be shown.

Insert CGS Fault Data

The insert CGS Fault data function is handled by two programs:
Insert CGSr.jsp and insert_ CGS.jsp (one program begins with an upper

case “I” and the other with a lower case “i”. The name of each program is
underscored in this documentation).

Insert CGS.jsp:

Like Insert.jsp, this routine is designed for four purposes: getting
parameters, validating the data, showing confirmation message, and
passing parameters to insert CGS.jsp.

insert CGS.jsp:

insert CGS.jsp will get the parameters from Insert CGS.jsp, form SQL
queries, call JDBC connection to our DBMS, and execute queries. After
successfully executing queries, a message will be shown in the browser to
inform the user of completion of the insertion.
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Select CGS Fault Data

The select layer data function is handled by two programs: Select
CGS.jsp and select CGS.jsp (Note that one program begins with an

upper case “S” and the other with a lower case “s”. To reiterate, the name
of each program is underscored in this documentation.).

Select CGS.jsp:

Select_CGS.jsp performs three actions: getting parameters, validating the
data, and passing parameters to select CGS.jsp. These actions are the
same as those of Insert CGS.jsp.

select CGS.jsp

select CGS.jsp will get the parameters from Select CGS.jsp, form SQL
queries, call JDBC connection to our DBMS, execute queries, and print out
the query results in the browser. If no parameter is specified, all data in
QuakeTables for Layer would be shown.

Delete CGS Fault Data

The delete CGS fault data function is handled by two programs:
Delete CGS.jsp and delete CGS.jsp (one program begins with an upper
case “D” and the other with a lower case “d”. The name of each program is
underscored in this documentation).

Delete CGS.jsp:

This program will get parameters, validate the data, and pass parameters
to delete CGS.isp. These actions are the same as those of
Insert CGS.jsp.

delete CGS.jsp:

This routine will get the parameters from Delete CGS.jsp, form SQL
queries, call JDBC connection to our DBMS, execute queries, and print out
the query results in the browser. The cascade deletion is not allowed.
Therefore, an error message will be shown if the user doesn’t specify any
parameter.

Search Data

Users can use either one author name or one fault name to search for
fault data. The 1card search function is handled by the program:

wildcard.jsp.
wildcard.jsp

wildcard.jsp accepts either a partial string of one author or one partial
fault name as the input. wildcard.jsp forms SQL queries, calls JDBC
connection to our DBMS, executes queries, and prints out the query
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results in the browser. The format of the query results is a list of data
entries that include the attribute values of (partial) author name or the
fault name requested by the user. In the following table, examples of the
user input and the mapped attribute values are shown:

Input Category

User Input

Mapped Attribute Values

Author Name

Rundle

Rundle, J. B.

Rundle, P. B.

Gurrola, L. D.

Grant, L. B.

Kellogg, L. H.

Fault Name

valley

Imperial Valley

Panamint Valley

Johnson Valley

Death Valley

Hunter Mountain-Saline
Valley

Owens Valley

Concord-Green Valley

Round Valley

Homestead Valley

Morongo Valley

rose

Rose Canyon

Newport-Inglewood-Rose
Canyon

Data in QuakeTables Fault Database

QuakeTables has been designed to accommodate several types of fault data
and data sets, including primary paleoseismic and geologic fault data, non-
primary data [Grant and Gould, 2004], and simulated or hypothetical data. It
also includes Material Rectilinear Layer parameters. QuakeTables was
developed for and initially populated with data from California, but there is no

June 13, 2004
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geographic restriction on future data entries.

QuakeTables is currently populated with primary paleoseismic data from
major California faults, and with two structured data sets containing summary
fault attributes and geographic coordinates of fault segments. The structured
data sets include a recent version of Virtual California [Rundle et al., 2002]
and two fault databases [Petersen et al., 1996; Cao et al., 2002; Frankel et al.,
2002] published by the California Geological Survey (CGS) and U. S.
Geological Survey (USGS) for seismic hazard analysis. These structured data
sets provide geographic coordinates, geometry, and summary attributes for
many active faults and fault segments in California. More paleoseismic data
from research publications will be added in the future. Some database
population and coordination issues are described by Gould et al. [2003a,b,c]
and Chen et al. [2003].

Source

Data in QuakeTables are extracted from refereed journal articles,
professional papers, professional reports, and conference abstracts.
Sources of data currently in the database are listed in Appendix A.
Additional data will be added in the future, as described in Appendix C.

Parameters

The following Tables contain parameters with particular properties that
describe the data in QuakeTables. Conventions are shown below in
Figure 7.

z
A

_— W(width)

d (depth)
X

0 (dip angle)

y (north)
A

3 (map view)

N\

T
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Figure 7. Conventions for geometric parameters in QuakeTables. The
parameters follow the conventions for the program DISLOC.

Table: FAULT

Parameter

Full Name

Units

General Definition

Definitions for CGS Data Set

Fault_id

Fault ID
number

Integer

Fault ID numbers for southern
California faults (numbers 1
through 51) are extracted from
the Southern California
Earthquake Center (SCEC)
Phase Il report (Working Group
on California Earthquake
Probabilities, 1995). Faults not
included in the SCEC report
are numbered 52 - 184.
Additional faults may be
added, beginning with number
185.

FaultName

Fault name

Character

Fault names are taken from
study site descriptions
provided in each individual
data source. Faults are
fractures dividing two bodies of
rock, along which the rock
masses have moved relative to
each other.

Fault names are taken from
Petersen et al., 1996 or other
CGS publication.

StrandName

Strand
name

Character

Strand names are taken from
study site descriptions
provided in each individual
data source. Fault strands are
fault branches or splays of a
larger fault zone.

Table: REFERENCE

June 13, 2004
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Parameter

Full Name

Units

General Definition

Definition for CGS Data Set

Interpld

Interpretation
ID number

Integer

The interpretation ID numbers
are automatically generated for
each individual data source
entered into the fault database.

Author

Author names

Character

The authors of each
publication are listed in
authorship order.

The authors (up to 5) of the
CGS fault publication are listed
in authorship order.

Publication

Publication
title

Character

The name of the journal article,
professional paper,
professional report, or
conference abstract.

The name of the journal article
or CGS report.

Year

Year

Integer year
AD.

The year of publication of the
source.

The year of publication.

Title

Title

Character

The name of the journal,
professional paper,
professional report, or
conference proceedings which
features the publication.

The title of the journal article or
CGS report.

Volume

Volume

Character

The volume number of the
journal, professional paper,
professional report, or
conference proceedings which
features the publication.

The volume number of the
journal article or CGS report.
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Number

Number

Character

The number or issue of the
journal, professional paper,
professional report, or
conference proceedings which
features the publication.

The number of the journal
article or CGS report.

Pages

Pages

Character

The page numbers of the
publication.

The page numbers of the
publication.

Comment

Comment

Character

The comment field allows for
additional explanation
regarding the data source.

The comment field allows for
additional explanation
regarding the data source.

SiteLon1

Study site
longitude1

Decimal
degrees

The longitude of paleoseismic
study site location. Study site
coordinates define the center
point of the study area, and are
measured on the fault of study.

SiteLat1

Study site
latitude

Decimal
degrees

The latitude of paleoseismic
study site location. Study site
coordinates define the center
point of the study area, and are
measured on the fault of study.

SiteLon2

Study site
longitude2

Decimal
degrees

The latitude of paleoseismic
study site location. Study site
coordinates define the center
point of the study area, and are
measured on the fault of study.

SiteLat2

Study site
latitude2

Decimal
degrees

The longitude of paleoseismic
study site location. Study site
coordinates define the center
point of the study area, and are
measured on the fault of study.

Datum

Reference
datum

Character

Geographic datum for latitude
and longitude coordinates.
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Table: SEGMENT

Parameter Full Name

Units

Definition

Segment ID

Segmentld number

Integer

Segment ID numbers are
assigned for each fault
segment, based on segments
recognized by Petersen et al.,
1996. The first segment of
each fault is number 1. Faults
with a single segment have
Segment Id=1. Future entries
or additional segments would
use the next available number
in the sequence.

Segment

SegmentName name

Character

Segment names are taken
from study site descriptions
provided in each individual
data source.

Strike Strike

Degrees
azimuth

The geographic orientation of
a fault plane. Specifically,
strike is the direction of a
horizontal line in the plane of a
fault, as shown in Figure 6.

Dip Dip

Degrees

The slope or vertical
component of a fault plane.

Depth Depth

Kilometers

The distance from the surface
of the earth to the base of a
fault or fault zone.

Width Width

Kilometers

The surface or subsurface
extent of a fault zone.

LatStart Latitude start

Decimal
degrees

The latitude of the location of
one end of a fault or fault
segment. LatStart
corresponds with LonStart.

LatEnd Latitude end

Decimal
degrees

The latitude of the location of
one end of a fault or fault
segment. LatEnd corresponds
with LonEnd.

Longitude

LonStart start

Decimal
degrees

The longitude of the location
of one end of a fault or fault
segment. LonStart
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corresponds with LatStart.

LonEnd

Longitude
end

Decimal
degrees

The longitude of the location
of one end of a fault or fault
segment. LonEnd
corresponds with LatEnd.

Datum

Datum

Character

The name of the geographic
datum corresponding to the
latitude and longitude points
describing the location of the
fault at the surface of the
Earth. For example: NADS83.
Geographic datums define the
size and shape of the earth
and the orientation of the
coordinate systems used to
map the Earth.

LastBreak

Last break

Calendar
year

The vyear of the Ilast
earthquake rupture along a
section or at a specific
location on a fault.

Friction

n/a

n/a

future
Virtual

This is a
implementation for
California data users.

ObsType

Observation
type

Character

The method of observation
used by the source authors for
data collection. For example,
paleoseismology or
geomorphology.

AveRecurr

Average
recurrence
interval

Years

The mean time between
earthquakes of a given
magnitude or magnitude
range on a fault.

MinRecurr

Minimum
recurrence
interval

Years

The minimum time between
earthquakes of a given
magnitude or magnitude
range on a fault.

MaxRecurr

Maximum
recurrence
interval

Years

The maximum time between
earthquakes of a given
magnitude or magnitude
range on a fault.

AveSlip

Average slip

nAar nvunnt

Meters

amount of
on a fault

The mean
displacement
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per event

averaged over the number of
earthquake events observed.

Minimum slip

The minimum amount of
displacement on a fault

MinSlip per event Meters averaged over the number of
earthquake events observed.
The maximum amount of
MaxSlip Maximum slip Meters displacement on a fault
per event averaged over the number of
earthquake events observed.
The mean amount of
, displacement perpendicular to
AveDipSlip s'lai\ver:?:\?elﬁt Meters | the strike of a fault averaged
PP over the number of
earthquake events observed.
The minimum amount of
Minimum di displacement perpendicular to
MinDipSlip slio ver ever?t Meters | the strike of a fault averaged
PP over the number of
earthquake events observed.
The maximum amount of
, , displacement perpendicular to
MaxDipSlip gfiax'rgfg]vg:ﬁ Meters | the strike of a fault averaged
PP over the number of
earthquake events observed.
The mean amount of
Average horizontal displacement
AveStrikeSlip | strike slip per Meters parallel to the strike of a fault
event averaged over the number of
earthquake events observed.
The minimum amount of
Minimum horizontal displacement
MinStrikeSlip | strike slip per Meters parallel to the strike of a fault
event averaged over the number of
earthquake events observed.
The maximum amount of
Maximum horizontal displacement
MaxStrikeSlip | strike slip per Meters parallel to the strike of a fault
event averaged over the number of
earthquake events observed.
AveDipRate Average dip | Millimeters The mean rate of

alin rata

NnAr viINnAr

displacement perpendicular to
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slip rate per year |the strike of a fault averaged
over a time period
representing one to several
large earthquakes.
The minimum rate of
displacement perpendicular to
i Minimum dip | Millimeters | the strike of a fault averaged
MinDipRate . : .
slip rate peryear |over a time period
representing one to several
large earthquakes.
The maximum rate of
displacement perpendicular to
MaxDipRate Maximum dip | Millimeters | the strike of a fault averaged
slip rate peryear |over a time period
representing one to several
large earthquakes.
The mean rate of horizontal
Average Millimeters displacement parallel to the
AveStrikeRate strike slip strike of a fault averaged over
per year : : :
rate a time period representing one
to several large earthquakes.
The minimum rate of
Minimum N horizontal di;placement
MinStrikeRate strike slip Millimeters | parallel to the strlk_e of a fe}ult
rate per year averaged_over a time period
representing one to several
large earthquakes.
The maximum rate of
Maximum N horizontal di;placement
MaxStrikeRate strike slip Millimeters | parallel to the strlk_e of a fe}ult
rate per year | averaged over a time period
representing one to several
large earthquakes.
National The Fa_ult ID number used in
_ Fault the National Quaternary Fault
NationalFaultld Database ID Integer | and Fold Database.developed
Number by the U.S. Geological Survey
(USGS).
- The Fault ID number used in
FaD“':Ath'V'ty the Fault Activity Database
FADFaultld Faaina;ge Integer | (FAD) developed by the U.S.
Geological Survey, the
number Southern California

Earthquake Center (SCEC)
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and the Regional Earthquake
Likelihood Models (RELM)
Working Group.

Fault Fault geometry type, such as
Geometry geometry Character strike-slip or dip-slip.
Length* Length Kilometers | Length of fault or segment.
Slip rate rank: W=well
RateRank* Slip rate rank | Character constramed, M=mo_derate|y
constrained, P=poorly
constrained, U=unconstrained.
Maxi Magnitude | Magnitude of maximum
% aximum : .
Mmax maanitude units, magnitude earthquake.
9 decimal
Characteristic Rate of characteristic
CharRate* Per year | earthquakes, as defined by
rate
CGS.
Down-di Rupture bottom minus rupture
DownDipWidth* width P Kilometers | top devided by sine of dip
angle.
Ruptop* Rupture top | Kilometers | Top of rupture plane.
* Rupture : Bottom of rupture plane.
Rupbot bottom Kilometers
,, Degrees | Rake of the slip vector in the
Rake Rake fault plane.
- . The slope or vertical
Dip Dip Degrees component of a fault plane.
. . . Azimuth of the fault plane dip
Daz Dip azimuth Degrees direction.
N . Decimal Latitude of the north end of a
LatN Latitude north degrees | fault segment.
Lats* Latitude Decimal Latitude of the south end of a
south degrees | fault segment.
* Longitude Decimal | Longitude of the north end of
LonN
north degrees | a fault segment.
. Longitude Decimal | Longitude of the south end of
LonS
south degrees | a fault segment.
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Flag

Flag

Character

Identifier for type of data:
Flag=U for User-specified fault
model

Flag=P for Paleoseismic data
Flag=C for CGS fault data
Flag=V for Virtual California
data sets
Flag=O for Other data, as
described in the comment
field.

* The attributes are created for the parameters defined by Petersen et al [1996] and Cao et al
[2002] for a structured data set, California Geological Survey (CGS) fault data.

Parameters in the other group, Material Rectilinear Layer, are listed in Table
LREFERENCE and Table LAYER:

Table: LREFERENCE

Parameter Full Name Units Definition
The authors (up to 5) of the
Author publication or data source are
Author Character listed in authorship order. If the
names , T
layer is user-specified, then the
author is the user.
Publication Publ_lcatlon Character The na_me.of the journal article
title or publication.
Year Year Integer year | The year of publication.
A.D.
Title Title Character The title of thg journal article or
other publication.
The volume number of the
Volume Volume Character | journal article or other
publication.
The number of the journal
Number Number Character article or other publication.
The page numbers of the
Pages Pages Character publication.
The comment field allows for
Comment Comment Character |additional explanation

regarding the data source.
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Table: LAYER

Parameter

Full Name

Units

Definition

LayerName

Layer name

Character

User specified layer
name.

LayerlD

Layer ID

Integer

User specified layer 1D
number.

LatOrigin

Latitude of
Origin

Decimal
degrees

Analogous to LatEnd,
LonEnd for a
SEGMENT.

LonOrigin

Longitude of
Origin

Decimal
degrees

Analogous to LatEnd,
LonEnd for a
SEGMENT.

Datum

Geographic
datum

Character

The name of the
geographic datum
corresponding to the
latitude and longitude
points describing the
location of the fault at
the surface of the
Earth. For example:
NAD83. Geographic
datums define the size
and shape of the earth
and the orientation of
the coordinate systems
used to map the Earth.

OriginX

Origin X
coordinate

Kilometers

Location of the block
southwest corner from
the coordinate axis
origin.

OriginY

Origin Y
coordinate

Kilometers

Location of the block
southwest corner from
the coordinate axis
origin.

OriginZ

Origin Z
coordinate

Kilometers

Location of the block
southwest corner from
the coordinate axis
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origin.
Length Length Kilometers | Length of layer.
Width Width Kilometers | Width of layer.
Depth Depth Kilometers | Depth of layer.
Lame Floating Lame constant
Lamel.ambda Lambda point Lambda.
Lame Units of Lame constant
LameLambdaUnits Lambda Character | Lambda.
Units
LameMu Lame Mu FIoa.tmg Lame constant Mu.
point
LameMuUnits Lamg Mu Character Units of Lame constant
Units Mu.
Viscosity Viscosity Floa.tmg Viscosity.
point
ViscosityUnits VIBC(?SIty Character Units of viscosity.
nits
ViscosityExponent Viscosity FIoa.tmg Exponent of viscosity.
Exponent point

Performance Evaluation

Requirement Verification and Evaluation

Legend:

NC - No Change from initial specification

Mo — Modified from initial specification, see justification for description

Add - The new requirement which was added after initial specification

NI — Not Implemented in prototype, see justification for description

I — Implemented in prototype
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Hardware Requirements (HR)

Req. # Status Justification

This requirement is implemented by designing the
HRA1 NC, | .

browser-based user interfaces.

This requirement is implemented, and the server is
HR2 NC, | |accessible on the internet. The domain name of the

server is infogroup.usc.edu.

This requirement is implemented. The port for HTTP
HR3 NC,| |has been opened since finishing Apache server

installation.

Software Requirement (SR)

Req. # Status Justification

This requirement is implemented. Web browsers are
SR1 NC, | : . ; :

available in major operation systems.

Due to the variety of users, a message shall be shown
SR2 NC, NI |to inform the user about the support of JavaScript

functions.

This requirement is implemented. Linux, Red Hat 8.0
SR3 NC, | :

has been installed on our server.

This requirement is implemented. MySQL, the DBMS,
SR4 NC, | ;

has been installed on our server.

This requirement is implemented. Jakarta Tomcat V. 4.1
SR5 NC, | |has been installed and started up on our server in order

to support web pages and JavaServer Pages (JSP)

Security Requirement (ER)

Req. # Status Justification
This requirement is implemented. all the ports except
ER1 NC,| |HTTP and SSH have been closed for administrative

and security purposes.
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Scalability Requirements (AR)

Req. # Status Justification
This requirement is implemented. Each function
AR1 NC, | |operates independently. Any addition of the function
doesn’t affect the functionality of the current system.
This requirement is implemented. A commercially-
AR2 NC,| |available general-purpose database management

system (MySQL) is employed.

System Feedback Requirements (FR)

Req. # Status Justification
This requirement is implemented. JavaScript code has
FR1 NC,| |been added to the web pages in order to validate the
format of the input data.
FR2 NG, | This requirement is implemented. The query results

would be shown to the user.

Performance Requirement (PR)

Req. #

Status

Justification

PR1

NC, |

This requirement is implemented. Web pages were
designed to display the results in a short time.

Operational Requirements (OR)

Req. #

Status

Justification

OR1

NC, |

This requirement is implemented. Two programs,
Insert.jsp and insert.jsp, were coded to handle the
functionalities of data insertions (one program begins
with an upper case “I” and the other with a lower case

i”. The name of each program is underscored in this
documentation).

OR2

NC, |

This requirement is implemented. Two programs,
Select.jsp and select.jsp, were coded to handle the
functionalities of data selections (one program begins
with an upper case “S” and the other with a lower case
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“s”).

OR3 NC, |

This requirement is implemented. Two programs,
Delete.jsp and delete.jsp, were coded to handle the
functionalities of data deletions (one program begins
with an upper case “D” and the other with a lower case
“d”).

OR4 NC, |

This requirement is implemented. The user is able to
click the link and generate mails to the system
administrator.

OR5 NC, |

This requirement is implemented. The Jakarta Tomcat
server records every event in the log file.
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Web Pages for Successful Functions

- Insert Data

';_E[M la.ut_' D.uuh_n_u: - _Hh:ml_u_l_l: Ilquuu._!;l_'p_@_la_t

!ﬂdﬁmlﬂ Hitg: Hirtagioun wse. echi BOBD Arseit "I @G0 |

[ 2-x v | |Like &)CutiomizeLicks @] Dictionay €1 Find Sallware (N Free ADL b Unbited intermst @] Fres Hotmal @] Fres PC Puolscicn @y FiedlPlayer o
|| Back - = - [ | Phseach (GjFavoiter PHitow |- ] - 5 ¥ 23 | Be Edt Mew Favosles Took Heb

&E&E‘hﬁﬁilk FAULT DATABASE

(Frototype I)

Fault Database INSERT DATA

Insest Fault Data
3 author] {strng)

authord (strng)
auther3 (string) ]
Deelete Fault Data autherd (siring) [7
authord {strng)
pubhcatien (strng)
Select Laver Data year (yearyyyvl

title {strmg):
Last modified on
021072003 volume (stang)

number (strmg)

pages (stmg):

!-E'Dom

stan| ¥ wn | @ tew. | X wem | 3¢ e | X enzc | S Mo | @i, | EjMicor | ElMino.. | 2]5EM- |

Select Fault Diata

Insert Layer Data

Figure 8. Insert.jsp.
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- Select Data

R St quesy - Miciozoll Inlesmel Explote
Agdass |P| hitp:ffirfogroup.use sdu B0E0/ select jap :l o Go -
Fle Ede View Faeodes Took Heb | |Lnks &]Customize Lnks @] Dictonsy @] Find Sofware N Free AL & Unimited Irtemet 8] Fiee Hotmal @] Free PC Protection -
i« Headts w || Bk - = - Q] A DiSeach [sffavoiss Prao |- ] Sl W D w R
back to select data pag
next row:
Auther]
Fublcaton = i sl rates on the San Andreas fult m Morthern Calfornia
Year = 1986
Title = Mirnges of the Mabional Earthauake Fredicion Evauation Councll and The San Francisco Bay Fegon Special Study Areas Workshop, Febneary 26-March
1, 1986, Menlo Park, Cabiforma, TTSGE Open-file report 86-63
Pages = 16-31
Falt 1d =730
FeultMame = San Andreas
A ikeBate]l =12
& =213
A 27
A !
Awe 14
AweBecurr3 v}
LasBreak] = 1506
next row:
#

|&] Diena D Irheiral

Motan| gwinn2 | GECONNT | @ e | puem | pem | guem | [Jecosn |[E75ckect o [EMooeh | Sh) S RE0Y a1aam

Figure 9. Query result for selecting data.
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- Delete Data
| ;Dﬁo

D Dedote query - Mictozalt Intesrel Explores
Liks @]CustomesLinks @] 0wberey @] Find Soltwere  [)Fros ADL & Unfinvied intesnst @] Fiee Holmal - & Fose FC Protsction

Bgdemcs Il_] il /Aol ogeoun uic. sdu 8080 delele j5p
Fie Ect \iew Fgvosies Joobs Hep
B« S0 || sk v = - ¥ [ 3 Qseach [siFawrins iFHny | e - IR
=
L Delete data page
I. -
queries:
sql1=DELETE FEOM SEGMENT WHERE [D=10 AMD Interpld=10 AND Fault_d=1 AND Faulttlarme="4"
1]2=DELETE FROM FEFEEENCE WHERE Interpld=110
sql3=DELETE FROM FAULT WHERE Fault_idw] AND FaulilTames"A"
X
2] Dore o Intemet
Hstart| ¥ wwira IEE.\\MMNT | 3¢ wem | 3¢ stem | ¢ sterm | 2 wem | Elaccbein [[@1Dtete o... [E]Minsat . | fredimitay Febuay 26 002

Figure 10. Showing the queries for deleting data.
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- wildcard search

h Seleet quety - Micraanf! kterne Explarer

Ml £ Ve Fevorter ook el

] |2 | Seeeh

Q- - |8 B

Fartes WiMeds @ O30T L RS

A Rt et 155 S0 BB b el 15T

- ﬂ@ = .
Search by

Flease mpu dee pathor saeme heee (parial saume i

[ue

OR.

Search by

Flease mput the fvalt name here (partal fusktname 12 scceptable)
[ J.,-c*;] [Fosat ]

Figure 11. Entry page of the wildcard search.
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h Seleet quety - Micraanf! kterne Explarer
—

Interpld

next row:

Figure 12. Example of wildcard search with the input of “Rundle” as the
author name.

URL of Fault Database System

Authorized user only:

- http://infogroup.usc.edu:8080/index.html

Public Access:

- http://infogroup.usc.edu:8080/public/wildcard.jsp
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Appendix A — Fault Database Data Sources
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Appendix B — Database Schema

In the following, we discuss the database schema with SQL statements.
These statements have actually been used to create tables in the database.

SQL statements defining the schema for QuakeTables:

create table FAULT

(Fault_id int not null,

FaultName char(255) not null,

StrandName char(255),

primary key(Fault_id, FaultName) );
create table REFERENCE

(Interpld INT NOT NULL auto_increment,

Author1 char(255),

Author2 char(255),

Author3 char(255),

Author4 char(255),

Author5 char(255),

Publication char(255),

Year int,

Title char(255),

Volume char(255),

Number char(255),

Pages char(255),

Comment char(255),
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Identifier char(255) ,

Author6 char(255) ,

Author7 char(255) ,

Datum char(255) ,

SiteLat1 double ,

SiteLon1 double ,

SiteLat2 double ,

SiteLon2 double
primary key(Interpld) );

create table SEGMENT

(Fault_id int not null,
FaultName char(255) not null,
Interpld INT NOT NULL,
Segmentld int,
SegmentName char(255),

Strike double

Dip double ,

Depth double

Width double ,

LatStart double ,

LatEnd double ,

LonStart double ,

LonEnd double ,

LastBreak1 double

LastBreak2 double ,

LastBreak3 double

Friction double ,
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ObsType int(11) ,
AveRecurr1 double ,
AveRecurr2 double ,
AveRecurr3 double ,
MinRecurr1 double ,
MinRecurr2 double ,
MinRecurr3 double ,
MaxRecurr1 double ,
MaxRecurr2 double ,
MaxRecurr3 double ,
AveSlip1 double ,
AveSlip2 double ,
AveSlip3 double ,
MinSlip1 double ,
MinSlip2 double ,
MinSlip3 double ,
MaxSlip1 double ,
MaxSlip2 double ,
MaxSlip3 double ,
AveDipSlip1 double ,
AveDipSlip2 double ,
AveDipSlip3 double ,
MinDipSlip1 double ,
MinDipSlip2 double ,
MinDipSlip3 double ,
MaxDipSlip1 double ,
MaxDipSlip2 double ,
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MaxDipSlip3 double ,
AveStrikeSlip1 double
AveStrikeSlip2 double
AveStrikeSlip3 double
MinStrikeSlip1 double
MinStrikeSlip2 double
MinStrikeSlip3 double
MaxStrikeSlip1 double ,
MaxStrikeSlip2 double ,
MaxStrikeSlip3 double ,
AveDipRate1 double ,
AveDipRate2 double ,
AveDipRate3 double ,
MinDipRate1 double ,
MinDipRate2 double ,
MinDipRate3 double ,
MaxDipRate1 double ,
MaxDipRate2 double ,
MaxDipRate3 double ,
AveStrikeRate1 double ,
AveStrikeRate2 double ,
AveStrikeRate3 double ,
MinStrikeRate1 double ,
MinStrikeRate2 double ,
MinStrikeRate3 double ,
MaxStrikeRate1 double ,

MaxStrikeRate2 double ,
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MaxStrikeRate3 double ,

NationalFaultld int(11) ,

FADFaultld int(11) ,

Geometry char(255) ,

Length1 double

Length2 double

Length3 double

RateRank char(255) ,

Mmax double

CharRate double

DownDipWidth1 double ,

DownDipWidth2 double ,

DownDipWidth3 double ,

Ruptop double ,

Rupbot double

Rake double

Dip double ,

Daz double ,

LatN double

LatS double ,

LonN double

LonS double

Flag char(255) ,

Foreign key (Fault_id) references FAULT(Fault_id),
Foreign key (FaultName) references FAULT (FaultName),
Foreign key (Interpld) references REFERENCE(Interpid) );
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create table LREFERENCE
(Interpld INT NOT NULL auto_increment,
Author1 char(255),
Author2 char(255),
Author3 char(255),
Author4 char(255),
Author5 char(255),
Publication char(255),
Year int,
Title char(255),
Volume char(255),
Number char(255),
Pages char(255),
Comment char(255),
primary key(Interpld) );
create table LAYER
(Interpld INT NOT NULL,
Layerld int not null,
LayerName char(255),
LatOrigin float,
LonOrigin float,
Datum char(255),
OriginX float,
OriginY float,
OriginZ float,
Length float,

Width float,
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Depth float,

LamelLambda float,
LameLambdaUnits char(255),
LameMu float,

LameMuUnits char(255),
Viscosity float,

ViscosityUnits char(255),
ViscosityExponent float,

primary key(Interpld) );

Appendix C

Database as of May 7, 2004

Sources of data are listed in Appendix B. Additional data will be added. Fault
segments are from CGS and Virtual California. Only CGS segments
recognized by Petersen et al., 1996 and Rundle et al., 2002 are included at
this time.

Limitations

In order to benefit geoscience and earthquake science, provisions should be
made for additional access to the abundant data in QuakeTables. The
hindrance to the provision of semi-public access is the availability of
resources. Server(s) with high computing power is/are required. A full
database management system implemented with access and concurrency
control is another key element required. Finally, in order to effectively support
sharing of QuakeTables data with heterogeneously developed applications,
the combination and/or comparison with other related data in other
“‘databases” must be supported by descriptions of the semantics of the data
(ontologies). We did produce a simple extended entity-relationship database
schema for QuakeTables, as a starting point for ontology. Much of our
immediate future work focuses on addressing this additional interoperation
requirement.
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