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Abstract:
This paper is written as an initial response to the Pacific Gas and Electric natural gas
pipeline explosion in San Bruno on September 9, 2010. Geographic information services (GIS)
was one of the first tools both the first responders (fire and police) and the public (news media
and local Bay Area residents) turned to. GIS was both a failure and a success. The emergency
responders did not have access to PG&E's maps to know the location or size of the pipeline
which contributed to the slow response in putting out the fire and promoted some misinformation
such as the report of a plane crash in the neighborhood. Google Maps, though, provided a quick
way for the media to create a map that outlined the permitter of the fire, the areas under
mandatory evacuation and the location of the evacuation centers. These two implementations of
GIS highlight the strengths and weaknesses of the technology. This paper will look into the
history, technology, problems and successes of GIS for disaster mitigation.
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Introduction
On September 9, 2010 around 6PM, a section of a natural gas distribution line ruptured
under Glenview Drive in San Bruno, California. The pipe, installed in 1956 was a 41 mile long
distribution line from Milpitas into San Francisco and was 30 inches in diameter. Normally kept
at 375 psi it was running at 385 psi the day of the blast, although increased pressure has not yet
been proven to have been a factor in the explosion. The fire plume that resulted from the initial
explosion destroyed thirty-seven homes, injured fifty people and killed eight (Bulwa, 2010).
Within minutes of the explosion, news of the event spread across social media via the
hashtag #sanbrunofire and as traditional news media in the form of the local radio, television and
newspapers arrived on scene, the Mercury News created a map on Google Maps highlighting the
affected streets, the surrounding mandatory evacuation and the locations of shelters (see Figure 1
in the Appendix). The map was the first public facing GIS generated map and still provides a
useful snapshot of the events.
At the time of the explosion, PG&E had maps of its pipelines but hadn't released them to
the local government agencies, such as police and fire, citing security risks (Brinkerhoff, 2010).
After the explosion, PG&E provided maps of their pipelines to these agencies after being under
pressure from state and local governments. PG&E described the change in policy as "'an
evolution in the ongoing conversation'" (Rogers & Gafni, 2010, ¶6). I will show in this paper
how typical the company's response is when it comes to sharing GIS data for disaster mitigation.
This paper though is't a deep analysis of the San Bruno explosion. Events are still
unfolding and it is too soon for there to be a body of academic research to draw from. Instead,
the San Bruno explosion is a framework for my study of the history of GIS as an extension of
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cartography and map cataloguing, and GIS as a communication and planning tool for disaster
mitigation.
I began my research with the technical aspects of GIS: what it is, how it works and how
it's being used now with the internet. In the next section I will define GIS and other terminology
associated with it. The terminology will be primarily concerned with disaster mitigation and may
not encompass all of the GIS terminology.
To understand the technology of GIS, one should understand the history of GIS's
development. GIS developed out of map cataloguing, automated cartography and remote
sensing. The history section will go into background of GIS in greater detail.
The study of GIS and cartography also has roots in map theory, and more broadly,
communication theory. GIS can be a method of communication between companies, utilities,
government agencies, the media and the public, I continued my reading on map theory and
communication theory. I will outline how these theories come together to make GIS theory.
Finally I will look at GIS applications for disaster mitigation. Mitigation is the term often
(though not always) used to describe the planning, response and recovery aspects of disaster
management (King, 2007; Mansourian, Rajabifard, Valadan Zoej & Williamson, 2006; Morrow,
1999; Waring, et al., 2005). For my discussion of disaster mitigation, I will draw examples from
the recent San Bruno explosion as well as other recent disasters such as the September 11th
attacks and hurricanes Andrew and Katrina.
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Literature review:
GIS and disaster mitigation research falls into four categories: the technological aspects
of GIS, the history of GIS, theory of GIS (including the problems of access to data) and uses of
GIS for disaster mitigation. I come to this paper as a user of web based, public access GISs, such
as Google Maps (http://maps.google.com) and Hayward GIS (http://gis.hayward-ca.gov/), a site
for viewing property tax information with a geographic interface. These sites though useful were
not enough of a foundation for me to feel comfortable understanding what GIS is and isn't.
The literature I read consisted of text books, history books, government reports and
academic articles. The text books ran the gambit from introductory texts, such as Integrating
Geographic Information Systems into Library Services: A Guide for Academic Libraries
(Abresch, Hanson, Heron & Reehling, 2008) and Fundamentals of Geographic Information
Systems (DeMers, 1997) to the very technical and detailed such as Introduction to operation
research (Churchman, C. W., 1957).
My primary source for a historical perspective was W. W. Ristow's The Emergence of
Maps in Libraries (1980), a collection of his essays on map cataloguing, automated cartography
and remote sensing. His essays lead me to my oldest reference, "Local Cartography" by G. W.
Cole (1898). While Library Journal is a trade magazine, I found this very early wish for
something like GIS fascinating and enlightening in that it shows GIS is based on a solid theory
of cataloguing and data management that predates the software and hardware that now makes it
possible.
For the mitigation portion of my paper, I relied most heavily on articles published in the
peer reviewed journals Disasters and Transactions in GIS. As it is too early for there to be
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articles about the San Bruno explosion in this journal or any other peer reviewed journal, I am
also pulling from disaster response studies based in India, Miami, New Orleans and New York
City (Abbas, Srivastava, Tiwari, & Ramudu, 2009; Bevc, Barlau & Passanante, 2009; Mills,
2008; Sagun, Bouchlaghem, & Anumba, 2009).

Definition of terms:
According to Abresch, Hanson, Heron and Reehling, "'GIS is a computerized database
for capturing, storing, analyzing, and managing data and associated attributes that are spatially
referenced to the earth'" (2008, p. viii). Although GIS often uses maps to display data, it is not a
computerized map. It is a database of mapped data. While the map is most often of the Earth, it
can be of any spatial area: another planet, the solar system, the human body, a computer network,
for example (Ristow, 1980). It can even be a completely imagined, virtual place, such as Second
Life, which uses the technology of Google Maps to map its different regions.
B. E. Davis (2001) describes GIS as a visual method and technology that while dependent
on computer technology is flexible. He further outlines what GIS is and isn't by taking each letter
separately. Geography is real world, spatial data. Information is data that has a meaning and a
use. Systems are the computer technology and support infrastructure. Davis includes the human
support aspect in his definition of systems (2001, p. 13).
GIS should not be confused with automated or computer cartography. While both
methods can generate map images, GIS's function is in data analysis, not map creation. It is the
database which separates GIS from automated cartography (Davis, 2001). GIS, though, does
have its roots in automated cartography. Tobler's 1964 paper describes the early problems with
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computer generated maps. Computers tend to over generalize data, ignoring map features that
might have significance to the end user (a small town under the cut off for population) that
would be included in a hand drawn map. Computer maps need to have exceptions programmed
in to make useful maps. A layered GIS which can have data turned on and off before generating
the map can provide a much higher degree of flexibility than strict automated cartography.
Crampton notes in his papers that GIS's strength comes from the "convergence of the major
applied mapping practices: digital cartography, [and] remote sensing (Crampton, 1998;
Crampton, 2001).
GIS replies on geodetic and spatial data expressed in "latitude and longitude coordinates
in a coordinate system that describes a round, continuous closed surface" (Abresch, Hanson,
Heron & Reehling, 2008, p. 115). There are established collection standards for the submission,
processing and storage of the data. These standards are maintained by the National Geodetic
Survey (Dewhurst, 1985).
The data though is prone to errors. Spatial accuracy is a measure of how well a map
represents the area it is describing. It is specifically how close an item on the map is to its real
world locations. This accuracy is determined by the initial land survey and the original map
scale. Errors introduced early into the process can propagate as data is shared across
organizations and across GISs. (Abresch, Hanson, Heron & Reehling, 2008, p. 98). In the case
of the San Bruno explosion, spatial inaccuracy has not been listed as a probable cause but after
the explosion, PG&E has stepped up it's "Know what's below" campaign, reminding people to
call 811 to check the location of underground transmission lines before digging.
Another component of the modern GIS is DGI: distributed geographic information
(Plewe, 1997). Before the advent of the internet and browser based user interfaces to GIS, GIS
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was something accessed from terminals from a mainframe or via CD ROM. The internet though
has exponentially increased the "efficiency and effectiveness of the ways in which we obtain, use
and share geographic information in all its forms" (Plewe, 1997, p. 2).
According to Plewe, the first fully realized DGI was the Map Server built by Steve Putz
at Xerox's Palo Alto Research Center (PARC) in June 1993 (1997, p. 6). Google Maps, the Visa
ATM locator (http://visa.via.infonow.net/usa_atm/), the U.S. Census's TIGER website
(http://www.census.gov/geo/www/tiger/) and the Hayward GIS site mentioned earlier in this
paper are all examples of DGI.
For DGI to work as a distribution system for GIS, the implementation needs to be
integrated, connected and shared. It also needs to have a method for sharing data, phasing in
updates or changes, be readily available while remaining secure. Security includes making sure
users who shouldn't be able to see the data can't, while other users who can see the data, can't
update the database if unauthorized for that level of interaction. (Meredith, 1995). Internet
distribution seems to be replacing CD ROMs and terminal sessions for accessing GISs, but the
older versions do still exist.
The best known example of DGI is Google Maps. It is also becoming a popular tool for
people, the news media and companies (such as PG&E) to create and share spatial data via a web
browser. Google also has Google Earth which provides three dimensional spatial representations.
For this paper though, Google Earth was not used.
Google is by no means the only DGI. The USGS for example runs The National Map
website (http://nationalmap.gov/), a web based GIS that uses a flash based player to access its
maps. Other examples include ESRI's geography network (http://geographynetwork.com), Open
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GIS (http://www.opengis.org) and Geo Data, a web based catalogue and GIS
(http://gos2.geodata.gov/) (Abresch, Hanson, Heron & Reehling, 2008).

History:

DGI/GIS has its roots in library science, specifically cataloguing. As systems for
cataloguing books, the Dewey and Library of Congress systems were being developed, map
librarians saw a need to create similar standards for maps. Map librarian, George Cole, lamented
at the added difficulties of finding proper (meaning consistent) ways to describe maps so they
could be catalogued in the same manner as books (p. 102). He went on to wish for a "code of
rules" in which the map descriptions could be "compiled, in order to secure more uniformity" of
their treatment (Cole, p. 103). While his article is specifically targeting the cataloguing of maps
in a library system, his "code of rules" describes the advantages GIS has over cartography. If the
geographic data is encoded, it can be manipulated and studied using mathematical methods
(Abresch, Hanson, Heron, & Reehling, 2008; Churchman, Ackoff, & Arnoff, 1957).
The library science aspect of maps remained focused on the cataloguing and archiving of
maps and atlases through the first third of the 20th century. The Boggs and Lewis classification
scheme, for example, was released in 1932 and remains one of the two dominant cataloguing
methods for maps (the other being the Library of Congress) (Abresch, Hanson, Heron &
Reehling, 2008; Ristow, 1980).
The Second World War fostered a demand for better and more flexible maps. These
maps were needed for "strategical planning and tactical movement" (Ristow, 1980, p. 11).

GIS and Disaster Mitigation - Page 9
Tobler's paper "An experiment in the computer generalization of maps" stems from military
research and was an early example of computer generated maps (1964). The Alaska coastline
maps created as part of the project were done using teletype machines and while graphically
simple compared to the average web map (Google, Yahoo or MapQuest, for example), they are
still readable. More fascinating though, is the sample computer code included in the paper as it
shows how cartographic information was being digitized and manipulated in a time when the
map of the United States took twenty-three punch cards to be rendered on paper by a computer
(Ristow, 1980).
The next big step in mapping technology was satellite mapping which began in 1972 with
the Earth Resources Technology Satellites (ERTS). Later renamed to the Land Remote-Sensing
Satellite (Landsat) program, have been generating up to 50,000 images of different forms every
year (Ristow, 1980; Roccio. 2010). The collected data is processed by the Earth Resources
Observation Satellites (EROS) division of the United States Geological Survey (USGS). Only a
fraction of the data is converted to traditional map form, but the rest is (and has been) stored in
their GIS database.
While the 1970s-1990s was about seeing the big picture via Satellite, recently map
making has returned to the human scale with street level mapping. In May 2007, Google
introduced "Street Views" to its Google Map GIS service. It allows users to walk or drive
virtually through their browser up and down selected (usually high traffic) streets in the map
(Chau, 2007; Google, 2007). A combined "big picture" and "street view" perspective can be
very helpful during disaster response, allowing responders or those in affected areas to see both
how large the area is and familiar landmarks of hardest hit areas.
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The 1990s also saw the adoption of Federal metadata standards per President Clinton's
executive order 12906. This order affects all Federal GIS implementations such as: the Bureau of
Land Management, the U.S. Census, the military's National Imagery and Mapping Agency
(NIMA), the Federal Emergency Management Agency (FEMA), the Justice Department and the
United States Geological Survey (USGS). The USGS is actually the managing agency of many
of the other Federal GISs (Abresch, Hanson, Heron & Reehling, 2008, pp. 207-9).
Of course the street view maps probably won't be updated as quickly as their satellite
counterparts due to disaster related accessibility issues but the satellite maps can (and are)
updated. For example, the Google Map for the San Bruno blast area at 1:6000 and 1:2400 scales
clearly shows the destroyed homes. However, at 1:1200 and 1:600, the satellite view reverts to a
pre-explosion image. The images were updated as and publicly available as early as September
10, 2010, less than 24 hours after the explosion (Bock, 2010). The before and after maps are also
available for Google Earth (Franzen, 2010).

Implementations of GIS:

GIS is a tool for asking questions of the surrounding world, or other spatial areas. It can
be used to ask the basic, "What is at?" or "How do I get there?" It can be used for analysis of
conditions: "where is this true?: and "what has changed since?" It can find patterns as it can
analyze data over time and over large areas. It can also ask "what if?", an important question in
the disaster mitigation process (Hanson, 2001, p. 50).
A comprehensive list of GIS implementations would take a book of encyclopedic length.
Such a list is beyond the scope of this paper. Nearly every dynamic, interactive webpage map is
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a GIS implementation. I say nearly because it is possible programmatically to mimic the effects
of a database driven map without a site actually using one. Therefore it would be inaccurate to
say that "all" online dynamic maps are GIS implementations.
Narrowing the focus, then, to disaster mitigation there are applications of GIS for
government, utilities, and the public. Government GIS can contain information such as
population make up (Census data) and the location of the disaster as it's called in (emergency
dispatch). The utilities can have data on the location of transmission lines (electric, natural gas,
oil, and water, for example). The public might have access to interactive maps such as Google
Maps to see the location and scope of the disaster and make plans accordingly. In an ideal
situation, they will also have access to some degree of the utility and emergency information as
well. Agencies, especially for profit companies (like many utilities) resist sharing GIS data,
citing issues of security and copyright (Davis, 2001, p. 422). Davis further suggests that the
reluctance may stem from the cost of creating the data, fear of misuse, ill defined legal concerns,
and an "illogical feeling of protection" (p. 177).
GIS data and the maps they create are a communication tool. "Maps are used to perform
three distinct functions: reference, analytics and persuasion" (Abresch, Hanson, Heron &
Reehling, 2008, p. 97). In the case of the San Bruno explosion, maps are currently being used as
reference for the location of other natural gas transmission lines, as part of the analysis of the
explosion (Melvin, 2010). As more is learned about the root causes of the explosion, the GIS
data and maps might be used to call for changes in where transmission lines are allowed.
Representative Karen Lorraine Jacqueline "Jackie" Speier is already calling for changes: namely
automatic shut off valves in earthquake zones and mandated contact of all property owners
within a two thousand foot buffer zone of transmission lines (Bulwa, 2010).
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Meredith notes that there "is deep rooted and widespread resistance to distributed
processing of data review when limited to inter-organizational sharing of processing
responsibility" (1995, p. 8). That resistance was evident in the response during, and in the weeks
following, the San Bruno explosion. Responding fire crews did not know the location of the
pipeline. This lack of knowledge and access to PG&E's maps hindered their response to fighting
the fire (Brinkerhoff, 2010; Bulwa, 2010; Rogers & Gafni, 2010).
In the response to explosion and resulting fire a diverse set of GISs came into play and
many were available for the public to witness the unfolding events. Although PGE's pipeline data
wasn't public during the event, it was part of the investigation behind the source of the fire. Road
closures in the neighborhood and nearby I280 freeway were announced on the California
Highway Patrol's website which was in turn reported by the local television and radio news
stations, automatically tweeted to Twitter (http://twitter.com/#!/chpcad/) with links back to the
website where one can click on a link to see a map of the listed incident. Meanwhile, maps of the
events were created on Google Maps (Figures 1 and 2 in the Appendix). These are but a few
examples of the numerous GISs that come into play when a disaster happens.

Disaster Mitigation:
Disaster Mitigation is the umbrella term for the planning, response and recovery to a
disaster, whether natural or man made. In an ideal situation, if a disaster can ever be called ideal,
everyone involved would have access or foreknowledge of the information needed to
successfully respond to the events as they unfold. The public would know the correct evacuation
routes and locations of shelters.. Emergency crews would have cross agency access to GIS data
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to facilitate coordination of response efforts. Affected utilities would have a coordinated plan for
shutting off services, if needed, and restoring services when safe. The news media would have
access to information they could use to report on the events to further keep the public abreast of
the situation. Together all these different groups could respond and recover smoothly, being able
to pull in resources locally and remotely as needed, hopefully to save as may lives and as much
property as possible (Waring, et al, 2005). Further more, coordinated efforts in the mitigation
process could and should help in the prevention of disasters as shared information may make the
diagnosis of a potentially dangerous situation. Self policing of disparate data often results in an
out of sight, out of mind mentality where dangerous situations are ignored or missed until it's too
late.
By sharing data, it's possible for emergency planers to create Community Vulnerability
Maps (Morrow, 1999). Although PG&E's GIS can rank pipelines by their potential risk and give
their location, that information was not available before the explosion. They have since made it
public, first as a PDF at and later as a Google Map (see Figure 3). Shared GIS data can also
result in better urban planning and the mandating of buffer zones between potential hazards and
public structures (DeMers, 1997). Such a buffer is now being proposed for natural gas
transmission lines in California (Bulwa, 2010).
Conversely, DeMers asserts, improper or incomplete GIS data "is the most common
causes of system failures" (1997, p. 383). Other factors that contribute to the failure of the
mitigation process include poverty and an insufficient local government presence (such as in
rural or unicorporated areas) (Morrow, 1999). For a Community Vulnerability Map to be
effective, Morrow suggests that the shard GIS inventory include: group living facilities (and their
population), elderly populations, physically and mentally disabled, rental properties, women
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heads of household, language groups, new residents, large households, concentrations of children
and youth, homeless encampments, and hotel/ motel population estimates (1999, p. 10).
For urban centers with large populations in relatively compact areas, such as skyscrapers,
disaster mitigation requires an added level of planning, that of Intelligent Building Evacuation
(Lee, 2007). GIS systems, recall, can store and analyze any number of spatial data, not just
traditional geographical data. IBEs are using GISs that blend blue prints, building population
counts and street map data to aid in the response and recovery of urban disasters.
Current IBE research stems from the September 11, 2001 Word Trade Center disaster and
recovery efforts. One of the goals of IBE is to better understand and predict human response in
an emergency in the specific mapped physical spaces. Planning efficient evacuation routes is a a
component of IBE (Lee, 2007). While the pipeline rupture in San Bruno happened in a suburban
neighborhood, there is another transmission line a few miles east that travels near the hotels near
the San Francisco International airport. Had the rupture occurred there and IBE plan, if one is in
place, would have been vital for the evacuation process.

Need for Further Study:
There is further need of study on public participation in disaster mitigation and ease of
access to GIS data. Maps, the part of GIS most often made available to the public, are a social
construction (Abresch, Hanson, Heron, & Reehling, 2008) but I have little research in the way of
how that social construction is being put to use to improve the access the public has to vital,
potentially lifesaving information. The public and governmental outcry after the San Bruno
explosion and PG&E's creation of Google Maps that access their pipeline data demonstrates that
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once restricted GIS data can be made public but I found little in my research to support my
observations.
Crampton (2003) notes potential gaps in access to GIS data based on politically and
socially constructed barriers. He notes that neighborhoods "can be socially constructed through
differential access to knowledge" (p. 14). Nonetheless he sees the internet as being the tool for
making GIS data "and analysis available to a wide, asynchronous audience" (p. 27).
In public access to GIS research, more work also needs to be done to address the digital
divide. If the poor, the elderly and minority populations are having internet access problems and
with GIS relying more and more on the internet for asynchronous distribution, certainly then the
digital divide would apply to GIS as much as it does to other internet technologies. Morrow's
1999 article does highlight the groups I've mentioned but in terms of access to resources in the
disaster recovery phase.
Davis in his introduction to GIS: A visual approach, highlights how GIS is an efficient
way of sharing information because it can produce data representations that are mostly visual and
don't require a strong understanding of the language the GIS data was created in (p. x) The
remainder of the book though focuses on the skills needed to create and use GIS. The book does
not though give examples of teaching these skills to the "ESL learners" mentioned in the
introduction.

Conclusion:
Geographic Information Systems (GISs) have developed over the last sixty years and are
now readily available as Distributed Geographic Information systems (DGIs). GIS has its roots
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in map cataloguing, automated cartography and remote sensing. The internet and web browsers
has made DGI a popular delivery method for GIS. While in the United States the largest
producer and user or GIS data is the Federal government, Google Maps and Google Earth have
become a popular GIS tool for the public, the media, companies and utilities to share data and to
make some pieces of otherwise protected GIS data publicly available.
The explosion in San Bruno happened in a well established neighborhood in an a larger
urban and suburban setting. Being set in the San Francisco Bay Area, home of a "tech industry"
the general population here is well connected to the internet. The demands for greater access to
GIS data in the recovery stage of the disaster mitigation demonstrates a technologically, and
internet, savvy population. The investigation into the explosion is on-going but improvements in
public and governmental access to GIS data is already happening, an example being the PG&E
GIS/Google Map mashup (Figure 3).
GIS is a powerful tool that is part cartography catalog and part data analysis tool. It is a
database of mappable data, typically geographical (earth based) data but it can be a database of
any other spatial data such as the human body, the solar system, a celestial body, or the internet
itself. GIS when combined with DGI can provide useful data to disparate populations and
agencies to help in disaster mitigation. For GIS to be most effective for disaster mitigation when
the data is shared across agencies and is readily available to the public. The public and agencies
in question will have to know this data exists and know how to access and use it.
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Appendix

Figure 1:

Map created by Mario Sevilla of the Mercury News on Google Maps. The full map can be
accessed at http://maps.google.com/maps/user?uid=202370284167784638689

GIS and Disaster Mitigation - Page 21
Figure 2

Map created by Google. It lists all the homes damaged and the approximate placement of the
pipeline that exploded. Map is available via
http://googleblog.blogspot.com/2010/09/responding-to-fires-in-san-bruno.html
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Figure 3:

Image on the left shows the entire state of California. Blue lines represent the placement of the
pipelines. Green pointers represent the location of the specific pipeline projects. The image on
the right shows San Bruno. Note how the Crestmoor neighborhood of San Bruno (where the
explosion took place) is completely surrounded by natural gas transmission pipes.
This interactive map is available at PGE's website and is a mashup of PGE's GIS and Google
Maps: http://www.pge.com/myhome/customerservice/response/planninginput/

