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Synopsis

The primary goals of emergency management activities are to protect life, property, and
the environment. Having the right data at the right time presented logically is critical in
responding effectively to natural and human-generated hazards and taking appropriate
actions. Most of the data required for emergency management are of a spatial nature
and GIS provides a framework in which critica information can be gathered,
centralized, synthesized, visualized, and shared. This paper describes the critical role
that geographic data and GIS played in the response to the attacks of September 11 in
New York City. Although the processes that generate the disaster might be different
depending on the type of hazard (natural as well as man-made), the techniques to assess
risk, evaluate damage, and assist response have much in common and can share and
benefit from the lessons learned in New Y ork City.
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1. Introduction

GIS and geographic information have been used
for decades to help organizations collect and analyze
data to make better decisions. It is said that any
opposing opinions and skepticism anyone had about
the effectiveness of GIS in New York City were
erased after 9/11. This paper will examine the role of
GIS and geographic data in the response to the
attacks of September 11 in New Y ork City.

2. The utilization of GISfor WTC

GIS was used mainly for the following four
purposes in the response to the attacks of September
11in New York City.:

1. Tobuild base map products for damage
assessment

2. To support recovery operations and prevention
of secondary damage

3. To conduct three-dimensional analysis

4. To conduct plume analysis

2.1 Base Map productsfor damage assessment

Using GIS, officials can assess damages
caused by a disaster and begin to evauate the
consequences in order to take appropriate actions.
New York City's Emergency Operations Center
(EOC), which was operated by the Mayor's Office of
Emergency Management (OEM), had the geographic
data, GIS software, and computer hardware they
needed for any crisis in a state-of-the-art facility,
housed within steel-framed, reinforced exterior walls
designed to withstand 200-mile-an-hour winds. The
EOC was only three and one-half years old, and was
equipped with generators, backup generators, a water
supply, and a ventilation system capable of filtering
out 99 percent of airborne impurities with
uninterruptible power supplies. It was located within
walking distance of City Hall and most City agencies,
and was designed to operate as a self-contained
headquarters in a crisis. However, when the two
World Trade Centers collapsed, the building (7
World Trade Center) that housed the EOC had also
caught on fire and the building, along with the state-
of-the-art equipment and data, had completely burnt
down. Hence, at a time when the City needed the
EOC's resources the most, those resources had to be
regenerated practically from scratch.



Collecting and integrating GIS data for the
EOC's mapping was a very complicated and
overwhelming task. Data first had to be found and
assembled from various departments and agencies, as
well as from other government agencies outside the
City, and from private vendors. As shown in the
following figures, much effort was mad during the
first week simply in trying to gather base map data
from various organizations and to plot them.
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During the first several days, the demand for
images showing the extent of damages was so great
that plotting aerial photographs and satellite images
was al mapping center staffers could do to simply
keep up with the request for maps. The first maps
were based on aerial photographs from the New Y ork
State Emergency Management Office and satellite
images from Space Imaging, which was the only
reliable data available. Simple street maps were also
created during the first several days with NYCMAP,
the City'sfirst accurate base map.

It is important to note that a problem was
identified with building addressing and Building
Identification Numbers (BIN) during the first week,
causing difficulties in integrating data among various
agencies.

Various data and maps were produced during
the first two weeks to assess the situation and
damages. As shown in Fig. 3 and Fig. 4, these
assessments included Safety Map, which indicated
unsafe areas that people working in the Ground Zero
area had to be aware of; LIDAR based volumetric
calculations; and maps showing damaged areas and
utility outages.
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2.2 Support for recovery operationsand
prevention of secondary damage

GlSwas also used to help stabilize the situation
and reduce the probability of secondary damage (e.g.,
cordoning off affected areas to prevent further injury,
looting, or other problems) as well as to speed up
recovery operations (e.g., damage assessment).
Hazard data (e.g., fire hazard areas, etc.) was viewed
with other map data (e.g., streets, building plans,
pipelines, power lines, etc.) to identify potential
disaster hot spots. Data also came in from the field:
command post locations, vehicle and pedestrian
restrictions, utility outages, pedestrian and vehicle
access zones, subway and bus line status, and river



crossing access. This information was in high
demand, and some were updated several times a day.
This data became part of a growing list of standard
map products, which in turn became a key
component for public information, used by Mayor
Rudolph Giuliani's office and posted on the New
York City Web site.

OEM had implemented the Emergency
Management Online Locator System (EMOLS), a
Web-based, ArcIMS application that let New York
City residents enter an address and see the location of
the nearest emergency shelter in the event of some
natural disaster such as a hurricane. This capability
was easily pivoted, after the attacks, to alow
residents to find out whether they lived in a restricted
sector and whether they were subject to any utility
outages.

Other maps were produced to help with the
process of identifying damaged buildings, destroyed
buildings, those in danger of collapse, and buildings
needing cleanup. Daily updates of these maps were
an important resource to provide to both residential
and commercial tenants who were shut out of their
buildings.

A 75-ft by 75-ft search grid was established to
assign search and rescue crews to working aress,
record the damage condition, document the findings
and the date of discovery, and to track the progress of
search and rescue effort. A device that allowed the
firefighters to identify and bar code items found on
the pile along with time, date and GPS location was
used, and the information was compiled and depicted
in the GI S database.
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Fig.5: 75-ft by 75-ft Search Grid

2.3 Three-dimensional analysis

Light detection and ranging (LIDAR)-based
three-dimensional analysis maps of the debris field at
Ground Zero was used to monitor shifts in the debris
pile. LIDAR alowed emergency managers to see

through the smoke and the debris piled up on top of
buildings.

Fig.6: LIDAR

2.4 Plume analysis

GIS was used to model the plume dispersion in
order to track and monitor the effects of dispersal of
particles into the atmosphere, and to determine
exposure and risk.
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Fig. 7. Plume Analysis

3. LessonsLearned
3.1 Data

The capability to quickly and effectively access
data that can minimize damage, and save lives is the
key in disasters. The geographic information that
organizations have today are the foundation on which
to build strategies for a knowledge base that will
enable organizations to create, publish, and access
geographic and associated datasets for disasters. It is
therefore critical to maintain and develop a solid and
complete dataset for an effective emergency
management.

3.2 Enterprise Gl Sand Security



GIS resources, and the expertise that builds
them, are highly dispersed, so a distributed
architecture to facilitate maintenance and sharing is
preferable to extensive data replication and the
maintenance of massive centralized repositories.
Relying on the Internet, or secure Intranets or
Extranets, to access data also has the direct advantage
of keeping data resources dispersed and therefore
potentially less vulnerable to adirect threat.

Devices such as mirror sites, remotely stored
backup  copies, permanent archiving, and
sophisticated firewalls can further enhance security.
Leaving these data resources in the hands of those
who created them also increases the likelihood that
datawill be current and of high quality.

3.3 Risk assessment and planning

Disaster events such as terrorist attacks,
wildfires, floods, epidemic spread, and hazardous
material spills can be modeled and displayed in aGIS
prior to an emergency. This will alow agencies to
make comprehensive assessments and develop
mitigation plans.

GIS can be used for consequence assessment
and developing an emergency response plan aso by
integrating data on the location of schools,
neighborhoods, key infrastructures, and emergency
personnel. Analysis can identify transportation choke
points near bridges or overpasses. GIS can help city
and emergency managers plan for different scenarios
and types of events and create the action plans
needed to deploy personnel, vehicles, heavy
equipment, fencing, and other important materials or
resources.

3.4 Real-time data collection

GIS can aso help manage data in real time,
allowing emergency managers to make important
decisions. Wireless technology alows for dynamic
data exchange from field personnel back to the
geodatabase. GIS integrates data on the fly, alowing
emergency managers to visualize and analyze events
as they unfold. GIS can assist by displaying the
locations of emergency resources and tracking
ongoing incidents throughout a larger geographic
region. Selecting and routing emergency resources,
equipment, and supplies can be accomplished using
GlS.

GIS Internet applications can alow emergency
managers to view the status of incidents, resources,
and the overall situation from remote locations using
abrowser.
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GIS can display "rea-time monitoring" for an
emergency early warning. Remote weather stations
can provide current weather indexes based on
location and surrounding areas. Wind direction,
temperature, and relative humidity can be displayed
by the reporting westher station. Wind information is
vital in a chemical release or anticipating the
direction of wildfire spread upon early report. Air
quality, arborne pathogens, environmental health
issues, radiation, and so forth, can al be monitored
and displayed by location in aGIS. It is also possible
to deliver this type of information and geographic
display over the Internet for public information or the
Intranet for organizational information delivery.

4. Conclusion

The response to the attacks of September 11
has demonstrated the critical role a GIS can play in
the event of a disaster, and the significance of having
solid geographic datasets. Analysis, preparation, and
implementation of strategies will hinge not only on
how information is collected and analyzed, but more
important, on how it is coordinated and shared. The
capability to build on existing data sets in the public
and private sector, aong with the knowledge and
methodologies allows organizations to respond
successfully in emergencies, and help reduce the cost
and impact on society, and mitigate risk to human life,
property, and the environment
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