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In the past few years the United States has experienced a series of disasters, such as
Hurricane Katrina in 2005, which have severely taxed and in many cases overwhelmed
responding agencies. In all aspects of emergency management, geospatial data and tools
have the potential to help save lives, limit damage, and reduce the costs of dealing with
emergencies. Great strides have been made in the past four decades in the development
of geospatial data and tools that describe locations of objects on the Earth’s surface and
make it possible for anyone with access to the Internet to withess the magnitude of a
disaster. However, the effectiveness of any technology is as much about the human
systems in which it is embedded as about the technology itself. This report assesses the
status of the use of geospatial data, tools, and infrastructure in disaster management, and
recommends ways to increase and improve their use. It explores emergency planning and
response; how geospatial data and tools are currently being used in this field; the current
policies that govern their use; various issues related to data accessibility and security;
training; and funding. The report recommends significant investments be made in training
of personnel, coordination among agencies, sharing of data and tools, planning and
preparedness, and the tools themselves.
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Summary

In the past few years the United States has experienced a series of
disasters that have severely taxed and, in many cases, overwhelmed the
capacity of responding agencies. Hurricane Katrina in 2005 provided per-
haps the most obvious instance as millions around the world watched a
region of the world’s most powerful nation apparently degenerate into
chaos. With modern technologies such as satellite imaging and services
such as Google Earth, it was possible for anyone with access to the Internet
to see the magnitude of the disaster and to marvel at how breakdown
could be so complete and pervasive in an era of such technological and
information abundance.

This study is about one type of information technology and the role it
plays in emergency management. Geospatial data describe the locations
of things on the Earth’s surface, and geospatial tools manipulate such data
to create useful products. Thus, this report is about the maps that are an
essential part of search-and-rescue operations, about the GPS (Global Po-
sitioning System) receivers that allow first responders to locate damaged
buildings or injured residents, about images that are captured from air-
craft to provide the first comprehensive picture of an event’s impact, about
road maps that form the basis of evacuation planning, and about all of the
other information connected to a location that can be used in emergency
management.

Great strides have been made in the past four decades in the develop-
ment of geospatial data and tools, and the Google Earth service is just one
example of the power and sophistication of this type of technology. Yet
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2 SUCCESSFUL RESPONSE STARTS WITH A MAP

no amount of technological sophistication will be sufficient to address the
kinds of breakdowns that occurred in the supply and use of geospatial
data and tools in recent disasters. The effectiveness of any technology is
as much about the human systems in which it is embedded as about the
technology itself. The committee concluded that issues of training, coor-
dination among agencies, sharing of data and tools, planning and pre-
paredness, and the attention and resources invested in technology turn
out to be the critical factors and the ones that have to be addressed if
future responses are to be more effective.

The goal of this study was to evaluate the current use of geospatial
data and tools in emergency management and to make recommendations
to improve that use. The study tasks assigned to the committee addressed
both planning and response; the status of tools for predicting and map-
ping vulnerability; the types of data required for emergency management;
the techniques available for discovering and accessing data from diverse
sources; training requirements; and issues of data security. The commit-
tee approached the task by holding a series of meetings at which it heard
evidence from individuals and representatives of organizations; organiz-
ing a workshop that included extensive formal and informal discussion;
and drawing on the considerable experience of its members.

The committee’s central conclusion is that geospatial data and tools
should be an essential part of all aspects of emergency management—
from planning for future events, through response and recovery, to the
mitigation of future events. Yet they are rarely recognized as such, be-
cause society consistently fails to invest sufficiently in preparing for fu-
ture events, however inevitable they may be. Moreover, the overwhelm-
ing concern in the immediate aftermath of an event is for food, shelter,
and the saving of lives. It is widely acknowledged that maps are essential
in the earliest stages of search and rescue, that evacuation planning is
important, and that overhead images provide the best early source of in-
formation on damage; yet the necessary investments in resources, train-
ing, and coordination are rarely given sufficient priority either by the gen-
eral public or by society’s leaders.

In all aspects of emergency management, geospatial data and tools
have the potential to contribute to the saving of lives, the limitation of
damage, and the reduction in the costs to society of dealing with emer-
gencies. Responders who know where impacts are greatest, where critical
assets are stored, or where infrastructure is likely to be damaged are able
to act more quickly, especially during the “golden hour” immediately af-
ter the event when there is the greatest possibility of saving lives.
Geospatial data that are collected and distributed rapidly in the form of
useful products allow response to proceed without the confusion that of-
ten occurs in the absence of critically important information. Indeed, it is

Copyright © National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Successful Response Starts with a Map: Improving Geospatial Support for Disaster Management
http://books.nap.edu/catalog/11793.html

SUMMARY 3

impossible to imagine the chaos that would result if first responders were
entirely unfamiliar with an area and had none of the geospatial informa-
tion—maps, GPS coordinates, images—that is so essential to effective
emergency management.

Massive investments have been made in geospatial data and tools
over the past few decades in many areas of human activity, but the special
and specific needs of emergency management—rapid operational capa-
bility and access to data, extensive planning, training of first responders,
and tools that work under the difficult circumstances of search and res-
cue—have rarely been addressed. The committee found that while enor-
mous amounts of data relevant and indeed essential to emergency man-
agement exist, they are frequently scattered among multiple jurisdictions,
in disparate and often incompatible formats. Numerous impediments ex-
ist to data sharing, including lack of interoperability at many levels, lack
of knowledge about what data exist and where, restrictions on use, lack of
training on the part of users, concerns about data security, and lack of
operational infrastructure in the immediate aftermath of disaster.

This report makes 12 recommendations. The first reflects the
committee’s central conclusion and urges that the role of geospatial data
and tools should be recognized in relevant emergency management policy
documents, directives, and procedures (Chapter 4):

RECOMMENDATION 1: The role of geospatial data and tools
should be addressed explicitly by the responsible agency in strate-
gic planning documents at all levels, including the National Re-
sponse Plan, the National Incident Management System, the Target
Capabilities List, and other pertinent plans, procedures, and poli-
cies (including future Homeland Security Presidential Directives).
Geospatial procedures and plans developed for all but the smallest
of emergencies should be multiagency, involving all local, state, and
federal agencies and nongovernmental organizations (NGOs) that
might participate in such events.

In the early 1990s a new effort to coordinate the production, distribu-
tion, and use of geospatial data began under the rubric of the National
Spatial Data Infrastructure (NSDI). Standards have been developed and
implemented, clearinghouses have been built and access portals deployed,
and today the NSDI provides a coherent framework for the sharing of
geospatial data. To date, however, the special needs of emergency man-
agement have not been recognized as fully as the committee considers
desirable, and emergency management is only weakly represented within
the NSDI's existing governance structure. Accordingly, the committee’s
second and third recommendations seek to strengthen the NSDI as a
framework for the effective sharing of geospatial data for emergency man-
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4 SUCCESSFUL RESPONSE STARTS WITH A MAP

agement. Since the Department of Homeland Security has been given re-
sponsibilities for geospatial data coordination for emergency manage-
ment, the committee specifically identifies it in the recommendations, pro-
posing that it play a leading role in strengthening the NSDI in this way
(Sections 4.1 and 4.2):

RECOMMENDATION 2: The current system of governance of the
NSDI should be strengthened to include the full range of agencies,
governments, and sectors that share geospatial data and tools, in
order to provide strong national leadership. The Department of
Homeland Security (DHS) should play a leading role in ensuring
that the special needs of emergency management for effective data
sharing and collaboration are recognized as an important area of
emphasis for this new governance structure.

RECOMMENDATION 3: A new effort should be established,
within the framework of the NSDI and its governance structure and
led by DHS, to develop policies and guidelines that address the
sharing of geospatial data in support of all phases of emergency
management. These policies and guidelines should define the con-
ditions under which each type of data should be shared, the roles
and responsibilities of each participating organization, data quality
requirements, and the interoperability requirements that should be
implemented to facilitate sharing.

Security is one of the many reasons cited by organizations for failing
to share data and failing to make data available in support of emergency
response. The committee’s fourth recommendation seeks to address this
issue through a system that would restrict access where necessary to ap-
propriately authorized emergency management personnel (Section 4.3):

RECOMMENDATION 4: DHS should lead, within the framework
of the NSDI, the development of a nationally coordinated set of
security requirements for data to be shared for emergency prepared-
ness and response. All organizations should implement these
guidelines for all data shared in support of emergency management
and should use them where necessary to restrict access to appropri-
ately authorized personnel. In concert with these efforts, the lever-
aging of existing organizations that could potentially serve as a
“clearinghouse” for critical infrastructure data should be explored.

Section 4.4 of this report describes the problems that occur in the im-
mediate aftermath of events when geospatial data must be acquired as
quickly as possible to assess impacts and plan response and recovery. All
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too often a lack of planning produces delays as organizations scramble to
overcome administrative roadblocks:

RECOMMENDATION 5: Standing contracts and other procure-
ment mechanisms should be put in place at local, regional, and na-
tional levels by the responsible agencies to permit state and local
emergency managers to acquire overhead imagery and other types
of event-related geospatial data rapidly during disasters.

Hurricane Katrina and other recent events have shown all too clearly
the potential magnitude of disasters and their ability to overwhelm agency
resources. Chapter 2 of this report describes the experience of the attacks
on the World Trade Center as well as two additional hypothetical sce-
narios, one a major storm in the New York area and the other a major
earthquake in the Los Angeles Basin. The committee believes that events
of this magnitude should be the basis for extensive preparedness exer-
cises, since they will allow many of the issues that arose during recent
responses to be anticipated and explored (Section 4.5):

RECOMMENDATION 6: Interpersonal, institutional, technical,
and procedural communications problems that currently inhibit
communication between first responders in the field and emergency
operations centers, emergency management agency headquarters,
and other coordinating centers should be addressed through inten-
sive preparedness exercises by groups involved in all aspects of di-
saster management. Such exercises should be tailored to focus on
clear objectives with respect to the use of geospatial data and assets.
They should involve decision-making representatives from all lev-
els of government, as well as other relevant organizations and insti-
tutions, and should be coordinated nationally so that common prob-
lems can be identified. They should be realistic in their complexity
and should allow participants to work carefully through the geo-
spatial challenges posed by disasters, including the difficulty of
specifying requirements, the difficulty of communicating in a con-
text of compromised infrastructure, and the difficulty of overcom-
ing logistical obstacles.

It is surprising perhaps that despite the intensity of the efforts that
went into recovering from the World Trade Center attacks, very little
documentation exists detailing the geospatial data and tools that were
employed that might serve as a basis for improved responses to similar
events in the future and as a basis for training. The experience of recent
events, particularly the World Trade Center attacks, also points to the need
for effective policies regarding the backing up of geospatial data and tools
in geographically separate locations (Section 4.6):
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6 SUCCESSFUL RESPONSE STARTS WITH A MAP

RECOMMENDATION 7: DHS should revise Emergency Support
Function 5 of the National Response Plan to include backup and
archiving of geospatial data, tools, and procedures developed as part
of disaster response and recovery. It should assign responsibility
for archiving and backup in the Joint Field Offices during an inci-
dent to the Federal Emergency Management Agency, with an ap-
propriate level of funding provided to perform this function.

As noted earlier, geospatial data and tools are now widely deployed
in many areas of human activity. Emergency management presents spe-
cific circumstances, however, and demands a different approach to the
development and deployment of technologies. The committee finds that
there is a significant gap between the needs of emergency management
and the capabilities of current systems and recommends (Section 4.7) the
following:

RECOMMENDATION 8: The National Science Foundation and
federal agencies with responsibility for funding research on emer-
gency management should support the adaptation, development,
and improvement of geospatial tools for the specific conditions and
requirements of all phases of emergency management.

The committee believes strongly that if geospatial technologies are to
become an integral part of emergency response and recovery, they must
be part of the day-to-day operations of emergency managers and respond-
ers at all levels of government and there must be an increase in the num-
ber of personnel trained in the use of geospatial data and tools available
to support emergency management. The committee’s next three recom-
mendations address this issue (Section 4.8):

RECOMMENDATION 9: Academic institutions offering emer-
gency management curricula should increase the emphasis given to
geospatial data and tools in their programs. Geospatial profession-
als who are likely to be involved in emergency response should
receive increased training in emergency management business pro-
cesses and practices.

RECOMMENDATION 10: The Federal Emergency Management
Agency should expand its team of permanent geospatial profession-
als and develop strategies that will lead to their more rapid deploy-
ment both in response to events and in advance of events when
specific and reliable warnings are given.

RECOMMENDATION 11: The Department of Homeland Security
should establish and maintain a secure list of appropriately quali-
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fied geospatial professionals who can support emergency response
during disasters.

Finally, the committee found that funding for geospatial prepared-
ness is insufficient and the funding that exists is often used ineffectively
(Section 4.9):

RECOMMENDATION 12: To address the current shortfall in fund-
ing for geospatial preparedness, especially at the state and local lev-
els, the committee recommends: (1) DHS should expand and focus a
specifically designated component of its grant programs to promote
geospatial preparedness through development, acquisition, sharing,
and use of standard-based geospatial information and technology;
(2) states should include geospatial preparedness in their planning
for homeland security; and (3) DHS, working with the Office of
Management and Budget, should identify and request additional
appropriations and identify areas where state, local, and federal
funding can be better aligned to increase the nation’s level of
geospatial preparedness.

Besides these recommendations, the report also provides a set of more
detailed guidelines for the assessment of geospatial preparedness in emer-
gency management organizations in Chapter 5 and Appendix C. The list
is not intended to be exhaustive, but rather to provide a basis for enhanc-
ing geospatial preparedness and for directing planning and investment.

In essence, the report paints a picture of technological abundance, but
of geospatial data and tools that despite their power have not yet been
applied systematically and appropriately to emergency management. It
lists numerous institutional factors that have inhibited the effective de-
ployment of technology and numerous reasons why organizations have
failed to anticipate and plan for the particular circumstances created by
disasters. The committee hopes that the recommendations made in this
report, and the examples and guidelines that it provides, will help to cre-
ate a world in which future responses to disasters will be faster and more
effective.
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Preface

After the events of September 11, 2001, there was a widespread sense
in the United States and in many other parts of the world that humanity
was entering a new and more dangerous era. Subsequent events, such as
the Indian Ocean tsunami of 2004, the Gulf Coast hurricanes of 2005, and
the terrorist bombings of July 7, 2005, in London have if anything strength-
ened that feeling, as have the potential threats of pandemic flu, dirty
bombs, and smallpox. Whether one believes that greenhouse gas emis-
sions are responsible for an increase in the frequency and severity of hur-
ricanes, or that television and the Internet make us all too aware of poten-
tial dangers, or that the sheer magnitude of historical events such as the
European Black Death of the fourteenth century, the 1556 earthquake in
Shansi, China, or the Asian flu pandemic of 1919 overshadow our modern
disasters by orders of magnitude, the sheer complexity and interdepen-
dencies of modern society clearly make us enormously vulnerable,
whether it be to natural disasters or to terrorist attacks. The modern sys-
tems that we require to sustain our way of life—the systems that transport
our energy, create our food supply, allow us to communicate over vast
distances, and maintain our low infant mortality and high life expect-
ancy—are all vulnerable to degrees that would have been unimaginable a
few decades ago. Furthermore, the dollar toll from these events is increas-
ing due to population growth in disaster-prone areas, especially in those
areas susceptible to hurricanes, floods, and earthquakes.

In this new world of the twenty-first century it is essential that we
anticipate such events and their potential impacts. It is impossible to know
exactly what form they will take, how severe they will be, or where and
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xii PREFACE

when they will occur, but the value of planning has been amply demon-
strated. This report is about the value of a specific area of planning and
about how the United States might make improvements in that specific
area. Geospatial data and tools are currently used for emergency response,
but recent events have demonstrated the many ways in which our
geospatial data and tools and the use we make of them fail us, both in
preparing for unpredictable events and in responding to them afterwards.
This report examines the current use of geospatial data and tools in emer-
gency management and makes recommendations to improve that use.

The National Research Council’s (NRC’s) Committee on Geography,
now the Geographical Sciences Committee, first discussed the need for
this study in 2000, well before the events of September 11, 2001. Those and
subsequent events led to a greater sense of urgency, a search for sponsor-
ship, refinement of the study’s charge, and to the eventual formation of a
study committee in 2004 under the auspices of the NRC Mapping Science
Committee. We thank the sponsors, the National Aeronautics and Space
Administration, the National Oceanic and Atmospheric Administration,
the National Geospatial-Intelligence Agency, and the U.S. Geological Sur-
vey, for providing funding for this study.

The committee was composed of 13 members and included scientists,
social scientists, and engineers from academia, industry, government, and
nongovernmental organizations. Committee members included people
with experience in designing decision support tools; users of these tools;
and experts in natural hazards, risk analysis, transportation, utility infra-
structure, geospatial data and remote sensing, disaster planning and re-
sponse, and computer and information science. The committee included
members with extensive field experience in emergency management and
response.

Several meetings were held to gather evidence from individuals and
representatives of organizations and agencies, including emergency re-
sponse practitioners and experts in geospatial data and tools. The pri-
mary information-gathering event was a workshop held on October 5-6,
2005, which included five discussion panels with approximately 25 panel-
ists from the relevant academic disciplines and agencies and from the com-
mercial software and data products industry. The workshop included a
mix of discussion panels and breakout discussions.

This report presents the committee’s findings and recommendations.
It is designed to be read by any public official who is concerned to make
his or her community disaster resilient: leaders of emergency response
and emergency operations agencies, elected officials and citizens who are
concerned about community vulnerability, agency staff who make or rec-
ommend decisions about the allocation or acquisition of resources, devel-
opers of technologies, or members of committees charged with develop-
ing policies.
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