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EXECUTIVE SUMMARY

Increases in the concentrations of atmospheric
greenhouse gases from activities such as burning
fossil fuels and deforestation have caused a mea-
surable increase in global temperatures. As
greenhouse gas concentrations continue to in-
crease, further changes in the Earth’s climate are
expected. These changes may impact the loca-
tion, frequency, and occurrence of natural ha-
zards such as tropical cyclones, wildfires, floods,
and winter storms. Thus, the historical data that
are typically the basis of hazard identification
and risk assessment may not accurately forecast
future events. Consequently, we need to begin
to evaluate and better understand how climate
change could affect the identification and selec-
tion of disaster mitigation strategies, the types of
preparedness activities that jurisdictions under-
take, the execution of response operations, and
the implementation of long-term recovery strat-
egies.

This report is one of several reports from CNA
examining the impact of climate change on U.S.
policy. This particular report focuses on the im-
pact of climate change on comprehensive emer-
gency management and preparedness policy. It
seeks to outline key climate change issues for
consideration from an emergency management
perspective and begin a conversation on poten-
tial implications for the near-, medium-, and
long-terms. It lays the foundation for future di-
alogue among emergency management practi-
tioners from all levels of government to explore
policy solutions in greater depth. The scientific
foundation for much of the discussion in this
report comes from the recently published report
from the U.S. Global Change Research Pro-
gram—Global Climate Change Impacts in the
United States.

IMPACT OF CLIMATE CHANGE ON HAZARDS

We identified several natural hazards that are
both of significant interest to the emergency
management community and are expected to be
impacted by climate change, including tropical

1 . .
cyclones , floods, wildfires, winter storms, heat

waves, and foodborne and waterborne disease
outbreaks. Figure 1 summarizes the predicted
impacts of climate change on hazards by region
in the United States. The climate change litera-
ture indicates that all regions of the U.S. may be
susceptible to an increase in frequency and/or
severity of flooding and foodborne and water-
borne disease outbreaks. Other climate-induced

1.  We use the term “tropical cyclones” here to in-
clude tropical storms, hurricanes, and typhoons.

changes are predicted only in certain regions.
We used the familiar Federal Emergency Man-
agement Agency (FEMA) regions to depict the
impact of climate change. However, there are
several hazards that may impact different seg-
ments of a FEMA region differently, or where
an increased likelihood of a hazard may span
multiple FEMA regions.
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Figure 1.

Predicted impacts of climate change across the U.S.
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POLICY IMPLICATIONS

Analysis of these hazard shifts will allow re-
gions to incorporate emerging challenges into
planning cycles and build response capabilities
accordingly. This is further an opportunity to
utilize the already established risk analysis
process in the emergency management commu-
nity to identify disaster mitigation and prepared-
ness efforts to arm communities against these
shifting hazards. A summary of key considera-
tions is included here. A more detailed discus-
sion to help policy-makers begin a dialogue on
potential courses of action is included in the
main body of this report.

DISASTER MITIGATION

= Adapt current disaster mitigation strategies to
the anticipated short, medium-, and long-term
impacts of climate change.

= Engage proactively with regional, State, and
local climate research groups for data to sup-

port more accurate forecasts for the future
occurrence of hazards affected by climate
change.

= Coordinate with regional, State, and local
climate change adaption planning groups to
support the Hazard Identification and Risk
Assessment (HIRA) process and develop re-
gional disaster mitigation strategies.

PREPAREDNESS

= Review and update preparedness activities to
account for changing risk profiles and their
consequences.

* Encourage the inclusion of the emergency
management community in regional, State,
and local climate change adaptation planning
processes and strategies.



* Consider and plan for the impacts on vulner- RECOVERY

able populations. = Increase the efficiency of the recovery

* Incorporate information on the effects of cli- process to deal with the aftermath of more
mate change into existing community prepa- frequent and/or more severe disasters.

redness campaigns. = Consider developing rigorous criteria to help

policy makers with post-disaster rebuilding
RESPONSE decisions.

= Develop models to estimate the financial im- Incentivize self-sufficiency and rapid essen-

pact of larger and more frequent response op-
erations on local budgets.

tial service restoration in the private sector.

= Anticipate command and control challenges,
and develop new strategies to manage more
frequent and complex disasters.
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INTRODUCTION AND TASKING

This report is one of several from CNA examin-
ing the impact of climate change on U.S. policy.
This particular report focuses on the impact of
climate change on comprehensive emergency
management and preparedness policy. The pur-
pose of this report is to:
= Qutline key climate change issues for the
emergency management community at all le-
vels of government.

= Begin a conversation on potential implications
from near, medium, and long-term perspec-
tives.

The scientific foundation for much of the discus-
sion in this report comes from the recently pub-
lished report from the U.S. Global Change
Research Program—Global Climate Change
Impacts in the United States.

In this report, we explore the challenges that
local, State, and Federal emergency management
personnel face in adapting to climate-induced
changes to the risk profile of their community
and the associated changes in disaster response
and recovery requirements. We discuss the im-
pact of these changes on the phases of emergen-
cy management and begin to frame courses of
action that U.S. leaders should consider in order
to plan for, build resilience for, respond to, and
recover from domestic climate-related hazards.
This report lays the foundation for future dialo-
gue among emergency management practition-
ers from all levels of government to explore
policy solutions in greater depth.

COMPREHENSIVE EMERGENCY MANAGEMENT: A PRIMER

Comprehensive emergency management is an
integrated approach for anticipating, planning
for, responding to, and recovering from all types
of emergencies in order to minimize loss of life
and property. Comprehensive emergency man-
agement includes four distinct but related phas-
es:
= Disaster mitigation: the identification of po-
tential hazards in a region followed by an as-
sessment of the probability of their occurring
and the likely impacts. Actions are then taken
to lessen the impact of the identified hazards.

= Preparedness: a cycle of preparatory actions
taken before an event happens that includes
developing emergency plans, training person-
nel, testing those plans through exercises, up-
dating plans based on lessons learned, and

engaging with the community on how to pre-
pare for potential emergencies.

= Response: active crisis management during an
event.

= Recovery: the coordination of long-term
community support to restore functions in a
region and improve services after a disaster.
This may include infrastructure, public health
services or any provision of services the local
government may normally supply [1].

Comprehensive emergency management estab-
lishes a logical and standardized framework for
local, State, tribal, and Federal authorities to use
in thinking about how to manage activities be-
fore, during, and after an incident takes place.
All four phases of comprehensive emergency
management are relevant to the climate change



discussion. Therefore, each phase is discussed
in greater depth below.

DISASTER MITIGATION

Disaster mitigation is continuous and sustained
action to reduce or eliminate risks to people and
property from all hazards. At its core, disaster
mitigation is predicated on an understanding of
the risks a given jurisdiction faces. A key ele-
ment of disaster mitigation is the Hazard Identi-
fication and Risk Assessment (HIRA) process,
in which jurisdictions identify the range of po-
tential hazards that could impact a jurisdiction
and then evaluate the risks to persons, public and
private property, and structures. Risk is defined
as the potential for an unwanted outcome result-
ing from an incident, event, or occurrence, as
determined by its likelihood and the associated
consequences [2]. The risk assessment process
focuses on understanding the probability of a
hazard occurring, the vulnerability or level of
exposure of people and property in a jurisdiction
to that hazard, and the potential consequences
that the hazard may have in terms of human or
economic loss, service disruption, or overall
continuity of operations and public confidence.
Particularly in the case of natural hazards, the
HIRA process leverages historical and scientific
data to better understand both the probability of
hazards occurring and their potential impacts.

Ultimately, findings from the HIRA inform the
broader decision-making processes inherent in
disaster mitigation and preparedness activities.
Knowing what hazards are more or less likely
and the potential impacts they could bring al-
lows planners to design and implement long-
term strategies to control or eliminate risks to
people and property in the community.

Disaster mitigation strategies are intended to
reduce the impact of a disaster when one occurs
or to avoid the impacts of one altogether. Disas-
ter mitigation measures can be structural or non-
structural. Structural measures use technologi-

cal solutions, like flood levees and seawalls, to
control the effects of a hazard. Non-structural
disaster mitigation measures include land-use
planning, design and construction codes, and
financial and insurance incentives. Together,
these tools offer a set of options that communi-
ties can use to strengthen their resilience to the
range of hazards most relevant to them [1].
Community-based efforts that draw in local
governments, non-governmental organizations,
and the local business community are empha-
sized by Federal government guidance and
grants.

PREPAREDNESS

Preparedness is defined as the continuous cycle
of planning, organizing, training, equipping, ex-
ercising, evaluating, and taking corrective action
in an effort to ensure effective coordination dur-
ing incident response [3]. The preparedness
mission cuts across virtually all other missions
and activities, and encompasses all government
partners at the local, State, and Federal levels.
Preparing before an event occurs—for example,
by developing operational plans and training and
exercising with regional partners—positions ju-
risdictions to respond and recover more effec-
tively when emergencies actually transpire. In
essence, preparedness is a cross-cutting, enabl-
ing function that increases the effectiveness of
the other phases of emergency management.

Preparedness activities help personnel who
would be involved in incident response under-
stand ahead of time what their roles and respon-
sibilities will be and practice these functions in a
safe and controlled environment. Clarity of
roles and responsibilities for government and
non-government entities in an emergency is crit-
ically important not only for disaster response
personnel, but also for individuals acting in poli-
¢y, coordination, or support roles. This is espe-
cially important for large disasters that involve
multiple jurisdictions and levels of government.
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RESPONSE

The response phase is the suite of actions taken
immediately following an incident, including,
but not limited to, treating injured persons, se-
curing incident scenes, suppressing fires, con-
ducting search and rescue operations, and
assessing damages and structural integrity at
affected facilities. Response is where the plans
and procedures developed through the prepared-
ness phase are actually implemented [4].

As the National Response Framework notes,
local emergency management, police, fire,
emergency medical services, public health and
medical providers, public works, environmental
response professionals, and others in the com-
munity are often the first to respond. Local
emergency managers are critical partners in
building the foundation for effective disaster
response. They organize and integrate capabili-
ties and resources with neighboring jurisdic-
tions, State and Federal agencies, non-
governmental organizations, and the private sec-
tor [5]. As incident scale expands, so does the
level of involvement and required support from
additional partners. For example, State person-
nel coordinate with other agencies to provide
resources from within the State as well as from
other States through mutual aid. When an inci-
dent occurs that exceeds or is anticipated to ex-

ceed local or State resources, the Federal gov-
ernment may provide resources and capabilities
to support the State response. Thus, the larger
and more complex the disaster, the larger the
universe of government and non-government
entities involved in the response.

RECOVERY

Recovery is the longer term process of returning
a community to “normal” following an incident.
Depending on the scale of the event, this phase
can commence in the hours and days following
the incident and continue for years afterward.
Although emergency managers are involved in
long-term recovery operations, the range of par-
ticipants in recovery decision-making and pro-
gram implementation stretches far beyond
emergency management to include other gov-
ernment agencies (e.g.. housing, building code),
private sector businesses, and members of the
community [4].

Recovery and disaster mitigation activities are
integrally related. Decisions made in the recov-
ery phase about rebuilding housing, restoring
businesses, and repairing infrastructure must
balance the need to restore core functions in a
community as efficiently as possible with the
need to reduce the community’s vulnerability to
similar incidents in the future.

WHY SHOULD EMERGENCY MANAGERS BE CONCERNED ABOUT

CLIMATE CHANGE?

Climate change will likely impact all four phases
of emergency management on some level. We
must begin to evaluate and better understand
how climate change could affect the identifica-
tion and selection of disaster mitigation strate-
gies, the types of preparedness activities that
jurisdictions undertake, the execution of re-
sponse operations, and the implementation of
long-term recovery strategies.

Key to all of this is the impact that climate
change may have on the HIRA process. For
natural hazards, hazard identification and risk
assessment is largely based on historical occur-
rence. However, research indicates that climate
change is affecting future patterns of natural ha-
zards. This will need to be taken into considera-
tion when using historical data to model future
events, thereby impacting how we approach dis-
aster mitigation and the overall preparedness
strategy.



ORGANIZATION OF THIS REPORT

The first section following this introduction
identifies those hazards that may be affected by
climate change and then summarizes the poten-
tial effects based on a review of current climate
change literature. The next section discusses the
potential implications of those changes within
the context of the four phases of emergency
management. That section concludes with an

outline of several high-level policy considera-
tions for further evaluation by emergency man-
agement subject matter experts and practitioners.
The appendix provides a more detailed discus-
sion of climate change affects on the identified
hazards.
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THE IMPACT OF CLIMATE CHANGE ON HAZARDS

The first question we asked ourselves when con-
sidering the effect of climate change on compre-
hensive emergency management was “What are
the hazards that could be affected by climate

change?” Once we identified those hazards, we
then sought to understand the potential effects of
climate change on each hazard.

WHAT ARE THE HAZARDS THAT COULD BE AFFECTED BY CLIMATE

CHANGE?

To answer this question, we first examined those
hazards typically included in the HIRA process
[6]. We then identified those natural hazards
that would be affected by changes in the weath-
er. Finally, we cross-referenced that list with the
climate change literature to identify those natu-
ral hazards that are expected to be impacted by
climate change. These include tropical cyc-
lones, wildfires, floods, winter storms, and heat

waves.Q’S Additionally, we included food and
waterborne diseases since they are considered
plausible outcomes from climate change, which
could result in a public health crisis requiring
emergency management support.

2. There are several natural hazards that one
would expect to be affected by climate change,
including tornados, hail and ice storms, and
landslides. In the case of tornados and hail and
ice storms, it is unknown how and whether cli-
mate change will impact their frequency and/or
severity [7]. Landslides can be an outcome of
flooding, but are not directly discussed in the
climate change literature.

3. Droughts and sea level rise, while likely results
of climate change, are outside the scope of this
report.




WHAT ARE THE EFFECTS THAT CLIMATE CHANGE IS PREDICTED TO
HAVE WITH RESPECT TO THESE HAZARDS?

For each of these hazards, we then investigated
the projected impact of climate change and the
associated effects across the U.S. This informa-
tion allowed us to draw some conclusions about
how a change in the incidence and/or severity of
a particular hazard could impact the emergency
management community. It also allowed us to
develop recommendations for how the emergen-
cy management community should be planning
for those hazards affected by climate change.

Figure 2 summarizes the predicted impacts of
climate change on hazards by region in the Unit-
ed States. We chose to use the existing FEMA
regions to depict the impact of climate change
on hazards by region since those regions are
most familiar to the emergency management
community. The climate change literature indi-

cates that all regions of the U.S. may be suscept-
ible to an increase in frequency and/or severity
of flooding and foodborne and waterborne dis-
ease outbreaks. Some climate-induced changes
are predicted to span multiple FEMA regions.
For example, the projected increase in the fre-
quency and/or severity of wildfires spans FEMA
regions 1V, VI, VIII, and X [8]. Other changes
may only impact part of a FEMA region. For
example, in FEMA Region VIII, the predicted
increase in wildfire frequency and/or severity is
more applicable for Utah and Colorado, than for
the Dakotas.

Next, we summarize the projected effect of cli-
mate change on each of the hazards. A more
detailed analysis of each hazard is provided in
the appendix.

Figure 2. Predicted impacts of climate change across the U.S.
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TROPICAL CYCLONES

For this report, we identified the tropical cyc-
lones that threatened the U.S. mainland and ter-
ritories over the last 10 years. We include strikes
as well as landfalls because many tropical
storms and hurricanes that do not make actual
landfall nonetheless elicit a response from local,
State, and Federal emergency management
agencies. Historically, FEMA regions II, IV, and
VI have been most susceptible to tropical cyc-

4
lones. According to the climate change litera-

ture, States along the Gulf and Southeast coasts,
as well as islands in the Caribbean are projected
to be most affected by climate-induced changes
in hurricane activity in the future [7,8]. While
these regions are accustomed to tropical storms
and hurricanes, increases in storm intensity
and/or frequency will further test community
defense systems such as levies and other bar-
riers, as well as processes for evacuation and
sheltering.

URBAN WILDFIRES

Given that we are interested in the impact of
hazards on emergency management activities,
we narrowed our focus of wildfires to include
only those fires that occurred at the wildland
urban interface — the space where wildlands (and
fires, when they occur) intersect communities
[9]. In this paper, we refer to these as “urban
wildfires.”

Historically, FEMA regions 1V, VI, VIII, and IX
have been most susceptible to urban wildfires.
According to the climate change literature, wild-
fires could increase in the western and south-
wetern United States [8,10,11,12]. In addition,

4. We include FEMA Region Il in this list since
Region Il is responsible for U.S. territories in the
Carribbean, such as Puerto Rico and the U.S. Virgin
Islands, which are also susceptible to tropical cyc-
lones.

the climate change literature suggests that tem-
perature could increase in the southeast region of
the U.S., which is a strong indicator for an in-
crease in wildfires [8]. While these regions are
accustomed to wildfires, increases in severity
and/or frequency could further strain local
emergency services and increase recovery costs
if more people move into wildfire-prone areas.

Interestingly, the climate change literature also
suggests that wildfire activity in the Pacific
Northwest could increase [8]. While this region
has seen some urban wildfires, they have been
less frequent than in the southwest region.
Therefore, this could become an emerging threat
for the region, especially if the population densi-
ty within the wildlife urban interface increases.
A similar threat is also emerging for urban cen-
ters in Alaska, where large wildfires are already
common [8].

FLooDS

We used the NOAA National Climate Data Cen-
ter’s classification for floods where flash, river,
coastal, urban, and small stream floods are re-
ported as “events,” each of which impacts one or
more counties, to identify the number of floods

5
to impact the U.S. over the last 10 years. For

this study, we further narrowed the definition to
those events that resulted in at least $1 million in
property damage. In this report, we refer to
these flood events as “large flood events.”

Although there have been a substantial number
of large flood events across the U.S., FEMA
Regions II, III, IV, and V have been most af-
fected by large flood events over the last 10
years. The enhanced hydrological cycle resulting

5. We did not consider flooding as a result of glob-
al sea level rise, because that was outside the
scope of this report.



from a warmer atmosphere is expected to yield
more heavy precipitation events, but it is diffi-
cult to predict which areas across the U.S. will
see an increase in precipitation and associated
flooding events [8]. Therefore emergency man-
agement agencies across the U.S. need to be
aware of the possibility of an increased likelih-
ood of flooding in their area. Those regions
more accustomed to large flooding are likely
better equipped to handle an increase in frequen-
cy and/or severity of large flood events. Other
regions, which are less accustomed to respond-
ing to these events, should begin to consider
flooding in their disaster mitigation and prepa-
redness strategies.

WINTER STORMS

We used the NOAA National Climate Data Cen-
ter’s classification for winter storms, where
snow and ice storms are reported as “events,”
each of which impacts one or more counties, to
identify the number of winter storms to impact
the U.S. over the last 10 years. We further nar-
rowed the definition to those events that resulted
in at least $1 million in property damage. In this
report, we refer to these flood events as “severe
winter storms.”

Historically, FEMA Regions I, 11, III, and V ac-
count for more than half of all severe winter
storms. One factor on that sets these regions
apart from others in the U.S. is lake-effect snow-
fall. Lake-effect snowfalls are produced when
cold air flows across large bodies of warmer wa-
ter. According to climate change literature,
these regions could experience warmer tempera-
tures in the winter, which would result in war-
mer water temperatures on the Great Lakes and
other large bodies of water. This in turn could
increase the likelihood of more frequent and
more severe lake-effect snowfalls [8]. Addition-
al lake-effect snowstorms would further impact
local and State emergency management agencies
in those regions and could result in more signifi-

cant economic and critical infrastructure strains
on communities.

HEAT WAVES

There is no universally accepted definition of a
heat wave in climate change literature. We
chose a qualitative approach and determined that
a heat wave occurs when there are a minimum of
three consecutive excessive heat reports generat-
ed from NWS stations for the same location.
FEMA Regions III, 1V, V, VI, VII, and IX have
experienced the most heat waves over the last 10
years. According to climate change literature,
these regions are most likely to see an increase
in heat wave severity [8,13]. While these regions
may be more accustomed to heat waves, more
severe and/or frequent heat waves will further
tax local emergency management, public health,
and social services.

Climate change literature also suggests that that
the Pacific Northwest, which has not been as
susceptible to heat waves historically, could also
experience an increase in the number, duration,
and intensity of heat waves in the future.

FOODBORNE AND WATERBORNE
DISEASES

There are tens of thousands of reports of food-
borne and waterborne diseases each year across
the U.S. The climate change literature suggests
that the number of cases could increase in the
future. This is based on research that indicates
that the incidence of foodborne and waterborne
diseases is directly correlated to an increase in
precipitation and temperature [8,14,15]. It is
difficult to predict which areas across the U.S.
will see an increase in temperature and precipita-
tion. Therefore, emergency management and
public health agencies across the U.S. need to be
aware of the possibility of an increased likelih-
ood of foodborne and waterborne disease out-
breaks in their area.
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IMPLICATIONS FOR THE EMERGENCY MANAGEMENT

COMMUNITY

Climate-induced changes in the historical pat-
terns of natural hazards will affect the HIRA
process and disaster mitigation, preparedness,
response, and recovery activities that it informs.
Although the exact impact of climate change on
weather patterns is not quantifiable, our litera-
ture review revealed two broad trends: an in-
crease in frequency and an increase in severity
of selected natural hazards.

Some disasters will likely happen with greater
frequency in places where they already occur,
placing people and property in those areas at a
greater risk. Other areas may see more of cer-
tain disasters due to changes in the seasonality
of that disaster (e.g., longer hurricane seasons).
Still other disasters may occur in areas that have
not historically experienced them on a regular
basis, creating new risk where it has not pre-

DISASTER MITIGATION

Climate change will affect the HIRA process
and the disaster mitigation strategies selected to
reduce the consequences of a disaster once it
occurs. Important for HIRA, the historical mod-
els for hazard predictability may no longer be
accurate in certain cases. In addition, the vulne-
rability and consequences associated with ha-
zards may increase as hazard severity grows,
which affects the selection and implementation
of disaster mitigation strategies. Following are
some suggested disaster mitigation strategies for
emergency managers to consider with respect to
climate change.

viously existed. Depending on the area, this
could result in “compound disasters,” where one
disaster triggers another. Finally, existing ha-
zards may become more severe, leading to more
damaging outcomes and potentially requiring
significant external support (e.g., from Federal,
State, or other sources) where previously none
was needed. Overall, these two trends of in-
creased disaster frequency and severity lead to a
decrease in the ability of the current HIRA mod-
els to produce accurate hazard predictions.

The following section explores how these effects
are relevant to the four phases of comprehensive
emergency management and provides potential
courses of action for the emergency manage-
ment community to consider and to join the di-
alogue on climate change adaption strategies.

ADAPT CURRENT DISASTER
MITIGATION STRATEGIES TO CLIMATE
CHANGE IMPACTS

Current disaster mitigation strategies will need
to evolve over the short-, medium-, and long-
term to continue to lessen the consequences of
actual disasters. Island and Atlantic coastal
communities, for example, might be facing more
frequent and/or severe hurricanes in the next 10
to 40 years [7]. These communities may need
changes in strategies and policies related to land
use planning and zoning regulations, environ-
mental laws, building codes, tax/insurance in-
centives such as business interruption insurance
and homeowner’s insurance, and coastal wet-
lands rehabilitation. In addition, communities
may need to review and change water resources
strategies and flood plain management. For ex-



ample, those communities with combined sewer
systems may face an increase in sewage over-
flows and associated waterborne disease out-
breaks as a result of flooding. This could be
mitigated by developing improved and hardened
sewer systems.

As another example, severe winter storms, heat
waves, and tropical cyclones often acutely im-
pact transportation and energy infrastructure and
result in considerable resource expenditures to
fix roads and restore power as quickly as possi-
ble. In regions known to be at a higher risk for
heat waves or severe storms, officials can pre-
pare by reinforcing the transportation and energy
infrastructure in key areas, as well as setting up
out-of-state and private contracts for heavy
equipment and repair services. These issues
should continue to be factored into State and
local mitigation planning efforts that are led by
and required of emergency management agen-
cies.

ENGAGE PROACTIVELY WITH
REGIONAL CLIMATE RESEARCH
GROUPS FOR DATA TO SUPPORT THE
HIRA PROCESS

Analytically rigorous risk assessments are a crit-
ical step to informing disaster mitigation and
preparedness activities with as much confidence
as possible. However, clear and precise assess-
ments of the likely climate-induced changes in
the frequency and occurrence of natural and ha-
zards are not readily available. To improve ha-
zard data availability in the future, the
emergency management community could
proactively engage climate change organiza-
tions, non-governmental organizations, academ-
ic institutions and working groups as
stakeholders in the HIRA process. Several na-
tional assessments have been conducted by gov-
ernment and non-government groups, including
the U.S. Geological Survey, the National Ocea-
nographic and Atmospheric Administration, and
the Pew Center on Global Climate Change,

which include information on regional-level im-
pacts of climate change. In addition, many State
and local climate research groups exist and may
provide a source of data and analytical methods
suited to specific geographic areas or hazard
patterns. For example, the California Climate
Change Center at the University of California at
Berkeley conducts detailed studies on the ex-
pected impacts of climate change on California.
Reaching out to these national and regional cli-
mate change groups could help refine the hazard
data used to support the HIRA process and im-
prove the analytical results that it generates.

COORDINATE WITH REGIONAL
PLANNING GROUPS TO SUPPORT THE
HIRA PROCESS AND DEVELOP
REGIONAL MITIGATION STRATEGIES

The effects of climate change may create risks
that are more regional in nature in that they af-
fect a broader geographical area or require re-
sources from a larger community of partners.
Regional risks are inherently more complex and
demand joint approaches for managing them.
Managing regional risks requires collaboration
among a broader set of players than smaller-
scale local response. By their very nature, re-
gional risks require multiple communities to
work together because no one jurisdiction can be
expected to handle the regional risks alone.
These collaborative activities involve a very di-
verse set of stakeholders that represent the
broader size and composition of the region and
also include State, Federal, private sector, and
nongovernmental organizations. Effective rela-
tionships have to be built with expanded re-
quirements in mind, nurtured through deliberate
and sustained planning initiatives, and tested
through exercises to identify planning gaps be-
fore events occur.

More than likely, the contours of the regions
impacted by these new hazard patterns will not
coincide neatly with existing political divisions,



Why the Emergency Management Community Should Be Concerned About Climate Change

such as FEMA regions, State lines, or interna-
tional borders. However, the existing FEMA
regional structure offers an established and
tested administrative mechanism through which
FEMA can energize a regional climate change
and preparedness dialogue that helps stakehold-
ers rethink, where applicable, our collective ap-
proach to disaster mitigation. FEMA can
leverage its regional presence to bring together
relevant Federal agencies, State, local, private
sector, non-governmental organizations, aca-
demics, and existing regional climate change
groups to address the implications in natural ha-
zard patterns and develop regional disaster miti-

PREPAREDNESS

Changes in hazard frequency and severity will
have tremendous impact on preparedness activi-
ties, such as planning, training, and exercising.
Below are some suggested preparedness strate-
gies for emergency managers to consider with
respect to climate change.

PREPAREDNESS ACTIVITIES MUST
ADAPT TO CLIMATE CHANGE

Over time, planning assumptions in operational
plans may need to be adjusted to account for the
changing risk profile and the associated vulnera-
bilities and consequences. As the HIRA process
is updated to incorporate climate change im-
pacts, follow-on activities must also adapt. For
example, emergency managers may need to do
the following:
= Re-examine their planning scenarios and as-
sumptions to address an increase in frequency
and/or severity of a given natural hazard.

= Re-address their capability assessments to
account for changes in their risk profiles.
Further, they may need to re-examine their
capability gaps to determine whether addi-
tional resources are required.

gation strategies. These discussions could yield
important insights on structural improvements to
existing disaster mitigation programs and evolu-
tion of disaster mitigation planning at all levels
of government. FEMA should also strengthen its
international partnerships with Mexico, Canada,
and Caribbean nations. The success of planning
models like FEMA’s New Madrid Seismic Zone
Catastrophic Earthquake Disaster Response
Planning Initiative and FEMA’s Regional Cata-
strophic Grant Program (RCGP) may offer in-
sights on potential approaches for innovative
disaster mitigation and preparedness activities
for managing climate change.

= Develop additional training packages for their
personnel to address changing requirements.

= Invest in additional or alternative exercises to
examine whether their plans and procedures
are sufficient for more severe or frequent nat-
ural hazards.

= Identify both traditional (e.g. oil refinery
plants) and emerging (e.g. solar panel and
wind turbine farms) critical infrastructure that
may be impacted by more frequent and/or
more sever natural disasters and assist them
with the development of emergency and con-
tinuity of operations plans.

The implementation of many of these activities
is allowable under existing all-hazards prepared-
ness grant programs or mitigation planning pro-
grams. However, the Federal Government may
also wish to explicitly call out climate change
adaptation planning as an allowable cost in order
to help draw the explicit connection among
emergency management, preparedness, and the
impact of climate change on these activities.



ENCOURAGE EMERGENCY
MANAGEMENT INCLUSION IN STATE
AND LOCAL CLIMATE CHANGE
ADAPTATION PLANNING PROCESSES
AND STRATEGIES

Climate change and adapting to its consequences
are gaining momentum as key planning concerns
for States and local government. For example, a
recent report on the impact of climate change on
public health noted that thirty-three States had
published a strategic plan on climate change and
twenty-six had established advisory panels or
commissions on climate change [16]. Several
State action plans are also focused on reducing
greenhouse gas emissions.

The emergency management community should
be included in these and other adaption planning
processes and in developing climate change mi-
tigation and adaptation strategies at the local,
State, and regional levels. Energy, health, agri-
culture, environment, and natural resource agen-
cies at all levels of government have obvious
roles to play in these planning initiatives, work-
ing to slow the onset of climate change impacts
through innovative policies and to prepare for
potential consequences. Given the leadership
role emergency managers play in coordinating
disaster management activities and in under-
standing the hazards facing States and localities,
they should also have a seat at the table in long-
term adaptation planning. However, the State or
local agency with lead responsibility for climate
change policy development and implementation
may not currently see emergency management
agencies as stakeholders in the process. The
potential role of emergency management in the
climate change policy framework, the technical
value of its inclusion, and the impact of climate
change policy on emergency management pro-
gram implementation must be explained clearly
and communicated widely in order to ensure that
emergency management participate in adapta-
tion planning.

CONSIDER THE IMPACTS ON
VULNERABLE POPULATIONS

Changes in hazard profiles will particularly im-
pact socially wvulnerable populations [17].
Therefore, emergency managers will need to
better understand the potential impacts of in-
creasingly frequent and/or severe hazards on the
at-risk populations within their communities.
For example, heat waves can cause death and
heat-related illnesses like heatstroke and heat
exhaustion, largely in the elderly and economi-
cally disadvantaged residents in urban areas.
Emergency managers need to ensure that these
factors are understood and included in opera-
tional plans that address warning, evacuating,
and sheltering at-risk populations. Emergency
managers should also develop communication
and education programs to educate the public
and vulnerable populations (especially for li-
mited English proficiency communities) about
the potential effects of climate change on their
communities and their health.

INCORPORATE INFORMATION ON THE
EFFECTS OF CLIMATE CHANGE INTO
EXISTING COMMUNITY
PREPAREDNESS CAMPAIGNS

If hazards are more frequent and severe, and
local resources are increasingly strained, the 72-
hour rule of self-sufficiency for the public may
not be adequate. Emergency managers need to
consider how they will manage the expectations
of the community about what the government
will and won’t be able to provide them within 72
hours after a disaster. For successful messaging,
the public needs to understand that climate
change is real and that it can affect them in di-
rect ways. Because personal preparedness will
become even more important, emergency man-
agers must have an honest dialogue with the
public about realistic service expectations.
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RESPONSE

Response operations may become more complex
as local resources are overwhelmed by more
severe and more frequent hazards. Mutual aid
among agencies within a community and among
States will probably be called upon with greater
frequency. If natural hazards become more fre-
quent and/or more severe, it becomes more like-
ly that traditional mutual aid partners are not
able to support mutual aid requests as they have
in the past. Operationally, this could mean that
disaster responses may start to routinely include
more personnel from a wider array of State and
Federal agencies, which will increase the costs
at all levels of government. The following are
some suggested response strategies for emergen-
cy managers to consider with respect to climate
change.

DEVELOP MODELS TO ESTIMATE THE
FINANCIAL IMPACT OF LARGER AND
MORE FREQUENT RESPONSE
OPERATIONS ON LOCAL BUDGETS

More frequent and more expansive response op-
erations will exhaust local resources quickly.
They will also strain existing budgets and staff.
The emergency management community should
adapt current cost-estimate models to identify
potential costs and help frame budget requests,
requirements, and tradeoffs downstream. The
models should also take into consideration the
economic impact of climate change on business-
es and the greater community. This will help
emergency managers better understand the po-
tential scale and impact of climate change on
their local community and region. The emer-
gency management community may want to
customize these models by region to account for
any unique issues that may be applicable.

ANTICIPATE COMMAND AND CONTROL
CHALLENGES

After-action reports from large-scale exercises
and real-world events consistently highlight
command and control as a challenge that faces
everyone involved. With the release and evolu-
tion of the National Incident Management Sys-
tem (NIMS) over the past 5 years, the U.S. has
made tremendous progress in developing and
using a standardized structure for incident man-
agement that leverages the widely understood
principles of the Incident Command System
(ICS).  However, exercises and real-world
events have demonstrated challenges associated
with scaling NIMS to truly large-scale, national
events. The response to events like Hurricane
Katrina and major national exercises like the
Top Officials (TOPOFF) series confirm the
challenges of establishing unified command at
incident sites where responding entities arrive
with different authorities, missions, and func-
tions. Moreover, they illustrate the complexity
of connecting command and control nodes that
can span from the incident site itself all the way
up to the White House.

The potential for more severe and more frequent
disasters of increasing complexity and geograph-
ic scale provides a healthy opportunity to step
back and review the lessons we have identified
through exercises and past disasters on com-
mand and control failures. That potential may
also merit the introduction of fresh ideas into
incident management doctrine from network
analysis and field operations on ways to decen-
tralize command and control in major disasters.
For example, lessons learned by the military in
managing complex operations certainly do not
translate automatically into the world of civilian
incident management because the chain of
command and legal frameworks are altogether
different. However, there may be opportunity to



6.

objectively review some practices employed by
the military to see if they can be refined and
adopted in ways that strengthen civilian man-
agement of complex incidents. At the very least,
with the likelihood of more frequent and severe

RECOVERY

More severe hazards imply that more homes
and businesses are damaged, which will make
recovery efforts more complicated. This will
be particularly true if disaster mitigation meas-
ures are not aggressively implemented ahead of
time. More frequent hazards could also mean
that another incident may occur before recovery
efforts from the previous disaster have finished.
The following are some suggested recovery
strategies for emergency managers to consider
with respect to climate change.

INCREASE THE EFFICIENCY OF THE
RECOVERY PROCESS

Recovery planning is already a recognized gap
in emergency management based on lessons
learned from Hurricane Katrina and other large-
scale exercises. This phase takes a long time to
complete, is not owned by a single government
entity, and can stretch government and non-
government bodies beyond their traditional
missions into new areas outside their core com-
petencies (e.g., consider emergency manage-
ment agencies managing long-term housing
needs). Key national strategies, plans, and
guidelines have been developed for other ho-
meland security mission areas like prevention,
protection, response, and preparedness, but re-
covery remains an outlier. The newly formed
Long-Term Disaster Recovery Working Group,
led by the Departments of Homeland Security

6
and Housing and Urban Development, is a
first step toward addressing that gap. State and

http://disasterrecoveryworkinggroup.gov/

disasters on the horizon, the emergency man-
agement community can lead the effort to act on
the command and control lessons that have been
learned through past experience.

local governments must also intensify their ef-
forts to plan for the recovery phase of major
disasters on a more frequent basis.

The potential for more frequent and severe dis-
asters puts a premium on increasing efficiency
in recovery operations. Developing recovery
plans and testing them through exercises will
be vital to meeting the growing needs of disas-
ter survivors in future events.

CONSIDER THE CRITERIA FOR
DECISIONS TO REBUILD POST-
DISASTER

An increase in the frequency and severity of se-
lected natural hazards in a local community or
region will require communities, including
emergency management officials, to make ex-
tremely difficult policy decisions about when
not to rebuild in certain areas. In some in-
stances, the question will be about how to re-
build differently to ensure that any new
construction is stronger and more resilient. In
other instances, rebuilding may no longer make
economic sense, particularly when viewed
within the context of sustained, long-term shifts
in hazard patterns induced by climate change.
This issue has begun to surface in discussions
of recent hurricane events and their impact on
certain communities such as low-lying areas in
New Orleans that were devastated by Hurricane
Katrina and Galveston, Texas, which was de-
vastated by Hurricane lke. The emergency
management community should consider de-
veloping decision criteria to help in this very
difficult decision-making process, based on a
policy determined in an analytical and rigorous



manner. Such policy decisions could be im-
plemented in State and/or local land use, zon-
ing, environmental laws, and building codes.

INCENTIVIZE SELF-SUFFICIENCY AND
RAPID ESSENTIAL SERVICE
RESTORATION IN THE PRIVATE
SECTOR

The economic impact of a disaster will be les-
sened and the recovery process eased if the pri-
vate sector can return to normal quickly
following an event. Consider the economic and
psychological benefits to the community if res-

CONCLUSION

Our review of the climate change literature re-
vealed two broad trends: an increase in frequency
and an increase severity for selected hazards.
Some disasters, such as hurricanes, will likely
happen with greater frequency and severity in
places they already occur. Other disasters, such
as urban wildfires in the Pacific Northwest, may
occur in areas that have not historically expe-
rienced them on a regular basis. Overall, these
two trends lead to a decrease in the ability of the
current HIRA models to produce accurate hazard
predictions.

For natural hazards, the HIRA process is largely
based on historical occurrence. However, given
the changing patterns in the frequency and severi-
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idents procure water, ice, and food from their
usual grocery stores rather than from a gov-
ernment-organized relief center. Doing so re-
quires businesses that provide essential services
to prepare themselves for disasters, acknowl-
edge that they are lynchpins in the recovery
process, and accept a responsibility to the pub-
lic for helping communities rebound. Incen-
tives for rapid restoration can be considered in
zoning and tax codes. Emergency management
can support that process, helping to identify es-
sential service providers before events happen
and to integrate them into relevant planning
processes and exercises.

ty of these hazards, historical data may not accu-
rately forecast future events. Therefore, climate
change data must be integrated into the HIRA
process, and the disaster mitigation, prepared-
ness, response, and recovery activities that it in-
forms across all levels of government.

Analysis of these hazard shifts allows regions to
incorporate emerging challenges into planning
cycles and to build response capabilities accor-
dingly. This is further an opportunity to utilize
the measured and deliberate processes already
established in the emergency management com-
munity of risk analysis, disaster mitigation, and
preparedness efforts to arm communities against
these shifting hazards.



APPENDIX: EFFECT OF CLIMATE CHANGE ON SELECTED

HAZARDS

A summary of our analysis of each hazard is
provided in this appendix. Each section includes
a historical summary of the hazard in the U.S.
over the last 10 years, in terms of incidence and
severity; a discussion of the responsibility of
emergency management agencies; and a review
of the climate change research with respect to

TROPICAL CYCLONES

For this report, we identified the tropical cyc-
lones that threatened the U.S. mainland and ter-
ritories over the last 10 years. We include strikes
as well as landfalls because many tropical
storms and hurricanes that do not make actual
landfall nonetheless elicit a response from local,
State, and Federal emergency management
agencies.

Historical incidence

Between 1998 and 2007, a total of 53 tropical
storms and hurricanes made landfall on or struck
the U.S mainland or a territory. The number of
tropical storms and hurricanes per year is shown
in Figure 3, along with the number of associated
FEMA disaster declaration. Thirty of these
storms were tropical storms, and 23 were hurri-
canes, of which nine were classified as major
hurricanes (Category 3 or higher) [18,19]. Six-
ty-five FEMA disaster declarations were issued
for 33 of the tropical cyclones [20], which im-
plies that multiple declarations were issued for
the same storm. For example, Federal declara-
tions were issued for counties in North Carolina,

that hazard. Together, these three sections are
intended to provide emergency managers and
policy makers with an understanding of the con-
sequences that an increase in severity and/or
frequency of selected natural hazards could have
on disaster mitigation, preparedness, response,
and recovery strategies.

Virginia, Maryland, Washington D.C., West
Virginia, Delaware, and Pennsylvania in re-
sponse to Hurricane Isabel in 2003. Interesting-
ly, of the 65 disaster declarations that were
issued, 22 were for areas not impacted by the
storm for which they were issued. For example,
Hurricane Isabel did not pass through Maryland,
Washington D.C., or Delaware. This indicates
that historically pre-emptive declarations for
particular regions were issued in anticipation
that a tropical storm or hurricane would strike.

We examined the number of fatalities and
amount of property damage as a measure of se-
verity. The number of fatalities and amount of
property damage per year are shown in Table 1.
Between 1998 and 2007, tropical storms and
hurricanes resulted in a total of 1,168 fatalities
and $127.9 billion in property damage. It should
be noted, however, that the significant majority
of fatalities and a large percentage of total prop-
erty damage — 1,016 and $93.1 billion, respec-
tively — occurred during 2005, which included
Hurricanes Katrina and Rita [21].
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Figure 3. Number of tropical cyclones and disaster declarations by year, 1998-2007
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Table 1. Fatalities and property damage due to tropical cyclones by year, 1998-2007

Tropical Cyclones Fatalities Property Damage ($ billions)
1998 7 9 3.547
1999 6 19 4.190
2000 2 0 0.008
2001 4 24 5.188
2002 7 51 1.104
2003 4 14 1.880
2004 11 34 18.902
2005 8 1016 93.064
2006 2 0 0.002
2007 2 1 0.039




Role of emergency management

When a tropical cyclone is projected to strike or
make landfall, all emergency management agen-
cies from all jurisdictions--local, State, and Fed-
eral--within the affected region are directly
involved in the response. For example, several
practical steps were enacted by local officials in
Texas in anticipation of Hurricane lke’s arrival
in September 2008. The Governor issued a
preemptive disaster declaration for 88 counties
on September 8, 2008, 5 days prior to landfall.
The Texas National Guard assisted in the ad-
vance evacuation of special needs residents. To
prepare for a potential mass evacuation, shoul-
ders of major highways were cleaned up and
cleared of debris so they could be used as addi-
tional lanes, and construction projects were can-
celled to prevent unnecessary obstacles or delays
to evacuees. Courtesy trucks were stocked with
fuel for stranded motorists so they could make it
to the next filling station in order to prevent
them from blocking traffic [22, 23].

The Texas Department of Public Safety opened
Disaster District Operations Centers while the
Texas Forest Service staffed a resource staging
area and pre-positioned five incident manage-
ment teams. The Texas Department of Agricul-
ture prepared to distribute food and began
coordinating its efforts with the American Red
Cross and the Salvation Army. Additionally,
they enacted plans to protect livestock in the
path of the expected storm. The Emergency
Management Council and State Operations Cen-
ter were fully activated days before lke arrived,
coordinating extensively amongst State agencies
[22,23].

Voluntary and mandatory evacuation orders for
both the general population and special needs
population across the region were first issued on
the morning of September 10th. Shelters were
also opened across the State for both the general
and special needs population. A Federal disaster

declaration was issued on September 10th to
allow for the movement of Federal assets to the
Houston-Galveston area [22,23].

Power and phone outages began before Hurri-
cane lke made landfall. Power outages caused
water plants to become inoperable, and boil-
water orders were issued across the region. Re-
covery efforts went into full effect September
13th 2008. After the passing of the storm, local,
State, and Federal search and rescue teams were
quickly deployed and emergency debris clear-
ance operations began. While debris was being
removed, power companies quickly went to
work trying to restore power to an estimate 3
million customers left without power. As Fed-
eral assistance came into the State, funds were
distributed to assist with debris removal, emer-
gency protective measures, road systems and
bridges, water control facilities, housing, build-
ings, contents and equipment, utilities, parks and
recreation, and State management [22,23].

Impact of climate change

Tropical storm and hurricane data across dec-
ades indicates that there has been considerable
variability in tropical cyclone activity, with a
period of above-average activity since 1995
[7,8,24,25]. Interdecadal variability aside, there
are indications in the literature that warmer tem-
peratures will impact tropical cyclones. Draw-
ing upon sea surface temperature (SST) and
Category 4 and 5 hurricane data between 1970
and 2004, the U.S. Global Change Research
Program report highlights a study that identifies
a direct correlation between SST and an increase
in Category 4 and 5 hurricanes [8,26] In the
same study, the research indicates that during
the past 30 years, annual SST in the main Atlan-
tic hurricane development region increased near-
ly 2°F, coinciding in particular with an increase
of intensity and frequency of Category 4 and 5
hurricanes [8]. It is important to note, however,
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that several other factors (which have been stu-
died to a much lesser extent than SST) affect
hurricane intensity, such as atmospheric stability
and circulation [8]. Therefore, while exact pre-
dictions are not available, it is likely that Cate
gory 4/ and 5 hurricanes will increase in the near
future.

FEMA Regions 11, IV, and VI have historically
been most susceptible to tropical cyclones, as

shown in Figure 4.9 According to the climate
change literature, States along the Gulf and
Southeast coasts, as well as islands in the Carib-
bean are projected to be most affected by cli-
mate-induced changes in hurricane activity in

the future [7,8]. While these regions are accus-
tomed to tropical storms and hurricanes, increas-
es in storm intensity will further test community
defense systems such as levies and other bar-
riers, as well as emergency services and multiju-
risdictional ~coordination with regard to
evacuation and sheltering. As we saw during
Hurricane Katrina, which was only a Category 3
storm at landfall, evacuation and sheltering are
complicated operations, and we should expect
these operations to become more difficult to car-
ry out during more severe storms.

Figure 4. Tropical cyclones making landfall or striking the U.S., 1998-2007°

-_

8. There is a discrepancy between the number of
total tropical cyclones (53) and the number of to-
tal tropical cyclones by region (58) because on
three occasions tropical cyclones impacted
more than one region. Specifically, two storms
impacted two regions, and one storm impacted
four regions.

9. We include FEMA Region Il in this list since
Region Il is responsible for U.S. territories in the
Caribbean, such as Puerto Rico and the U.S.
Virgin Islands, which are also susceptible to
tropical cyclones.



URBAN WILDFIRES

We began our review of wildfires by focusing
on the data used in the U.S. Department of Agri-
culture (USDA) and U.S. Department of the In-
terior’s (DOI) definition for wildfires, which
includes all unplanned, non-structure fires oc-
curring in the wildland. There are wildfires that
are typically caused by lightning, volcanoes, and
unauthorized and accidental human-caused fires,
to include prescribed fires that go awry. This is
distinct from structure fires that occur in urban
or controlled environments and are the acciden-
tal or intentional result of human activities.
However, given that we are interested in the im-
pact of wildfires on emergency management
agencies, we narrowed our focus to include only
those fires that occurred at the wildland urban
interface — the space where wildlands (and fires,
when they occur) intersect communities [9]. In
order to capture the frequency of fires that oc-
curred at the wildland urban interface, we identi-
fied those wildfires that qualified for a FEMA
declaration. These include a FEMA Fire Sup-
pression Authorization Declaration, a FEMA
Fire Management Assistance Declaration, a
FEMA Emergency declaration, or a FEMA Ma-
jor Disaster Declaration. By definition, a FEMA
Fire Management Assistance Declaration (and a
FEMA Fire Suppression Authorization Declara-

10
tion when it was issued ) makes Federal fund-

ing available to local jurisdictions in fighting
wildfires that threaten to cause a major disaster.
The declarations cover 75 percent of select fire-
fighting costs, including expenses for field
camps; equipment use, repair and replacement;

10. FEMA Fire Suppression Authorization Declara-
tions were issued until October 1, 2001; since
then, Fire Management Assistance Declarations
have been issued and provide the same level of
Federal assistance.

tools, materials and supplies; and mobilization
and demobilization activities [27].  Further,
FEMA Emergency and Major Disaster declara-
tions issued in response to a wildfire typically
provided support to State and local communities
impacted by large wildfires.

Historical incidence

Between 1998 and 2007, a total of 801,249 wild-
fires in the U.S. burned a total of 65.1 million
acres. [28]. Of those wildfires, there were only
724 FEMA-designated declarations—699 Fire
Suppression Authorization or Fire Management
Assistance declarations and 25 Emergency or
Major Disaster Declarations [29]. Figure 5
shows the breakdown of FEMA-designated
wildfires per year.




Why the Emergency Management Community Should Be Concerned About Climate Change

Figure 5. Number of FEMA declarations for wildfires by year, 1998-2008
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Role of emergency management

While the National Interagency Fire Center as-
sumes responsibility for all large wildfires, those
that occur at the wilderness/urban interface typi-
cally involve local and State emergency man-
agement assets. For example, the Jesusita Fire
swept through Santa Barbara County in Califor-
nia in May 2009. In total, the fire injured 29
firefighters, consumed 78 homes, damaged
another 22 homes, burned 8,733 acres of land,
and forced approximately 30,000 people to eva-
cuate the area [30,31]. Although small in terms
of acreage burned, this incident is informative
for the role of emergency management agencies
when wildfires affect urban areas.

The wildfire began on May 5th as a brush fire.
Initially several fire engines and a battalion chief
from Santa Barbara City Fire Department re-
sponded, which was standard protocol for a

brush fire. Due to the fire’s rapid growth, addi-
tional resources from the Fire Department and
Santa Barbara County were requested shortly
thereafter. In less than an hour, local officials
ordered mandatory evacuation for nearby resi-
dents. As it quickly became clear that local re-
sources would be insufficient, the fire was
declared a major incident and assistance was
requested through California Master Mutual Aid
making use of the Resources Ordering Status
System [30,31].

Law enforcement personnel knocked on the
doors of approximately 1,200 homes the first
day of the fire to notify residents of a mandatory
evacuation [30]. The Sheriff’s Department
worked with representatives from 20 outside
agencies from three different counties to conduct
patrols, perimeter maintenance, and evacuation
assistance [32].



The American Red Cross responded by opening
a shelter within approximately two and a half
hours of the outbreak of the fire. The first night,
it provided a place to sleep for 10 people. On
the third night of the fire, due to the increased
number of evacuees, the Red Cross opened a
second shelter. In addition to people, large ani-
mals were offered shelter at the Earl Warren
Showgrounds and more than 500 other animals
were cared for by the Santa Barbara Humane
Society at emergency shelters [30,31].

At 6 p.m. on May 6th a State official from the
California Department of Forestry and Fire Pro-
tection (Cal Fire) took over from the local offi-
cials to organize a more robust response. Cal
Fire has 10 incident command teams across the
State and is set up to provide equipment, per-
sonnel, and resources to any area in need. Short-
ly thereafter, the Governor proclaimed a state of
emergency in Santa Barbara County, opening up
the possibility to receive Federal funds. The
Governor also announced that they were coordi-
nating with the National Guard in case there was
a shortage of personnel [30,31].

On May 7th FEMA issued a Fire Management
Assistance Declaration, which authorized the
use of Federal funds to assist California State
and local firefighting agencies in fighting the
Jesusita wildland Fire. Santa Barbara County
opened a Local Assistance Center on May 18th
to provide aid to fire victims from a variety of
government agencies and nonprofits, including
the Department of Insurance and the IRC. On
the same day, the county hosted a Fire Recovery
meeting to address debris removal and other is-
sues [27,30,31].

Impact of climate change

The climate change literature is in agreement
that forest fires are expected to increase in fre-
quency, severity, distribution, and duration, as a
result of overall warming temperatures, earlier
spring thaws, and an increase in the likelihood of

periodic and intense droughts [8,10,11,12].
These changes can be explained by the conflu-
ence of higher concentrations of atmospheric
carbon dioxide, longer summers, more precipita-
tion leading to wetter conditions, and an increase
in drought-like conditions. In simple terms, an
increase in atmospheric carbon dioxide and
longer growing seasons will lead to an increase
in woody vegetation, which serves as fuel for
wildfires. Given climate variability and the in-
creased chance for periodic and intense drough-
ts, this buildup of fuels will increase the
likelihood of wildfires [12].

Although changes in climate may increase the
likelihood of more frequent and/or more severe
wildfires, it is difficult to predict the impact of
climate change on wildfires since they are re-
gional events affected by regional climates, and
predicted changes in climate are typically dis-
cussed in broad rather than region-specific terms
[33]. Some areas may see an increase in wild-
fires while other areas may see a decrease
[34,35,36]. In other words, despite agreement
that parts of the United States will undergo a
general drying in the future, which increases the
likelihood of wildfires, seasonal and regional
changes in precipitation patterns make it hard to
predict when and where wildfires will occur
[37].

Despite the difficulties in predicting how climate
change will affect the way in which wildfires
occur, some region-specific predictions are
available. According to the climate change lite-
rature, wildfires could increase in the western,
northwestern, and southwestern uU.S.
[8,10,11,12]. Studies focused on the southwes-
tern U.S. suggest that fire severity could in-
crease by 10 percent [10]. This projected
increase in wildfire severity is also supported by
precipitation projections, which generally sug-
gest that the West will experience drier summers
in the future [38].
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The western and southwestern U.S. regions have
historically been most susceptible to wildfires,
as shown in Figure 6. This is in line with the
region’s weather and wildfire trends in recent
decades, where earlier spring snowmelts and
hotter, drier summers have led to an increase in
the number and duration of large wildfires [37].
In addition, the climate change literature sug-
gests that temperatures could increase in the
southeast region of the U.S., which is a strong
indicator for an increase in wildfires [8]. This
region has also historically seen a large number
of urban wildfires over the last 10 years. While
these regions are accustomed to wildfires, in-
creases in severity and/or frequency could fur-

ther strain local emergency services and increase
recovery costs if more people move into wild-
fire-prone areas.

Interestingly, the climate change literature also
suggests that wildfire activity in the Pacific
Northwest could increase. While this region has
seen some urban wildfires, they have been less
frequent than those in the Southwest or South-
east. Therefore, wildfires could become an
emerging threat for the region, especially if the
population density within the wildlife urban in-
terface increases. A similar threat is also emerg-
ing for urban centers in Alaska, where large
wildfires are already common [8,39].

Figure 6. Urban wildfires across the U.S., 1998-2008




FLOODS

We used the NOAA National Climate Data Cen-
ter’s classification for floods where flash, river,
coastal, urban, and small stream floods are re-
ported as “events,” each of which impacts one or

o1 . .
more counties. For example, torrential rainfall

resulting in flash flooding in three counties
could be counted as one, two, or three flood
events, depending on the location of the counties
and ultimately, how the flood event(s) are re-

12
ported through NOAA.

For this study, we tracked flash, river, coastal,
urban, and small stream flood events resulting in
at least $1 million in property damage over the
last 10 years, as reported by NOAA. Hereafter,
these flood events will be referred to as “large
flood events” to indicate that we are only consi-
dering those that meet our threshold (i.e., caus-
ing at least $1 million in property damage), not
total floods.

Historical incidence

Between 1998 and 2007, there were 1,435 large
flood events, resulting in 263 fatalities and
$132.2 million in total property damage [40].
Figure 7 shows the breakdown of large flood

11. We did not consider flooding as a result of glob-
al sea rise, because that was outside the scope
of this report.

12. While this definition is somewhat loose, it is
worth noting that tracking floods and many
weather events generally is an inexact science
since it is sometimes difficult to determine when
and where one event ends and another begins.

events per year, as well as the breakdown of
floods that received a FEMA disaster declaration
(both major disaster and emergency declara-
tions) [20]. It is important to note that the num-
ber of large flood events in a given year does not
necessarily correspond to the number of FEMA
declarations. For example, a large flood event
that covers multiple counties would receive only
one FEMA declaration, but would generate mul-
tiple NOAA reports. In addition, there are some
FEMA disaster declarations that encompassed
hazards in addition to flooding that occurred
during the same event (e.g., flooding, landslides,
tornados). On the other hand, this could also
signify that some large flood events did not meet
the criteria for a Federal declaration.

We also examined the number of fatalities and
property damage as a measure of severity. The
number of fatalities and amount of property
damage per year are shown in Table 2. Be-
tween 1998 and 2007, large flooding events
resulted in a total of 263 fatalities and $17.4
billion in property damage.
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Figure 7. Large flood events and FEMA declarations by year, 1998-2007
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Table 2. Fatalities and property damage from large flood events by year, 1998-2007

Year Tropical Cyclones Fatalities Property Damage
($ billions)
1998 167 82 2.292
1999 124 22 1.348
2000 84 11 1.160
2001 107 15 1.146
2002 55 13 0.583
2003 193 32 2.424
2004 204 29 1.576
2005 156 15 1.424
2006 170 21 3.818
2007 175 23 1.662

Role of emergency management

There are numerous examples of large flood
events over the last 20 years, including the Great
Flood of 1993, which affected States along the
Mississippi River, flooding in the South-Central
U.S. in 1995, flooding in the Pacific Northwest

and Montana in 1997, floods in North Dakota
and Minnesota in 1997, flooding in the Mid-
Atlantic States in 2006, flooding in Missouri in
2007, and flooding in Iowa in 2008. Here we
highlight the Missouri 2007 flood to illustrate

the role of local, State, and Federal emergency
management agencies during a large flood event.

In a 24-hour period, from May 7th to May 8th,
2007, the National Weather Service reported that
parts of Missouri received between 4 and 8
inches of rainfall [41]. The Governor declared a
state of emergency, mobilized the National
Guard, and activated the State Emergency Oper-
ations Center (SEOC) on May 7th. By May 9th,



at least 20 levees were reported topped, high-
ways were forced to close, and thousands of
people were evacuated [42].

On May 8th, Coast Guard Disaster Assistance
Response Teams were mobilized and dispatched
to Jefferson City to monitor the situation and
assist if necessary. In the end, their services
were not required. Similarly, the Air Force rea-
died four Predator UAVs in case they were
needed to help locate stranded flood victims
[43,44].

In Big Lake, one of the hardest hit areas after
nine local levees were breached, 500 homes
were submerged. State Water Patrol officers
rescued residents from approximately 30 homes
in Levasy after the breach of two levees sudden-
ly cut of escape routes [45].

Hundreds of thousands of sandbags were filled
and used to reinforce levees across the State.
Much of the work was done by volunteers. The
Army Corps of Engineers also assisted with
sandbagging and levee work. The Salvation
Army assisted by providing food and drink to
sandbagging volunteers. The American Red
Cross provided shelter assistance to displaced
residents in need. The Missouri State Highway
Patrol conducted overflights to monitor levees.
The Department of Transportation assisted with
road closures while the Office of Administration
found resources for communities. The Depart-
ment of Mental Health provided crisis counsel-
ing for citizens affected by the disaster and the
Department of Social Services (DSS) worked on
emergency food and water requests as well as
sheltering issues [46].

State officials requested Preliminary Damage
Assessments for 33 counties affected by the
flood. The State Emergency Management
Agency (SEMA) worked with the Department of
Health and Senior Services to ship additional
tetanus vaccines to areas in need. SEMA, the
Department of Natural Resources (DNR), and

DSS also worked to provide potable water where
needed. In the aftermath of the flood, the Salva-
tion Army provided flood cleanup kits and
AmeriCorps sent representatives to local juris-
dictions to coordinate long-term recovery
projects [46].

On June 12th, the President declared a major
disaster in Missouri in response to the May
floods. FEMA provided upwards of $5 million
to assist in the recovery effort, which includes
funding for homeowner loans, small businesses,
and State agencies involved in the response.
FEMA also provided a liaison to the Missouri
State Emergency Operations Center (SEOC) and
coordinated Federal agency assistance [47,48].

Impact of climate change

Current climate change models predict an over-
all increase in the amount and intensity of rain-
fall, but significant shifts in the areas expected to
see more or less rainfall [8]. Further, studies
also suggest that river flooding may increase due
to the projected increase in the frequency of in-
tense precipitation events [8]. This same projec-
tion calls for prolonged periods of dryness
interrupted by periods of intense precipitation,
which means that even areas experiencing infre-
quent rainfall events are nonetheless at risk for
intermittent flooding since rainfall rates may
increase during storms [8].

Climate change models, however, cannot accu-
rately predict which areas of the U.S. will see an
increase in precipitation and associated flooding
events [8,25]. The enhanced hydrological cycle
resulting from a warmer atmosphere is expected
to yield more heavy precipitation events, but it is
difficult to predict which areas across the U.S.
will see an increase in precipitation and asso-
ciated flooding events [8,25].

There have been a substantial number of large-
scale floods in all regions, as shown in Figure 8.
FEMA Regions II, III, IV, and V experienced
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more than 60 percent of the large flood events
over the last 10 years. Emergency management
agencies across the U.S. need to be aware of the
possibility of an increased likelihood of flooding
in their area. Those regions more accustomed to
large flooding are likely better equipped to han-

Figure 8.

dle an increase in frequency and/or severity of
large flood events. Other regions, which are less
accustomed to responding to these events,
should begin to consider flooding in their disas-
ter mitigation and preparedness strategies.

Large flood events across the U.S., 1998-2008
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WINTER STORMS

We used the NOAA National Climate Data Cen-
ter’s classification for winter storms, where
snow and ice storms are reported as “events,”
each of which impacts one or more counties.
For example, a severe winter storm that affected
three States could be counted as one, two, or
three winter storm events, depending on how
those events are reported through NoAA."®

For this study, we tracked winter storm events
over the last 10 years resulting in at least $1 mil-

13. Note that tracking winter storms and many
weather events generally is an inexact science
since it is sometimes difficult to determine when
and where one event ends and another begins.

lion in property damage, as reported by NOAA.
Hereafter, these events will be referred to as
“severe winter storms” to indicate that we are
only considering those that meet our threshold
(i.e., causing at least $1 million in property dam-
age).

Historical incidence

Between 1998 and 2008, there were 276 severe
winter storms [49]. Figure 9 shows the
breakdown of severe winter storms per year, as
well as the breakdown of storms that received a
FEMA disaster declaration (both major disaster



and emergency declarations) [20]. It is impor-
tant to note that the number of severe winter

storms in a given year does not necessarily cor-
respond to the number of FEMA declarations.
For example, a severe winter storm that covers
multiple counties would receive only one FEMA

Figure 9.

declaration, but would generate multiple NOAA
reports. On the other hand, this could also signi-
fy that severe winter storms do not necessarily
meet the criteria for a Federal declaration.

Severe winter storms and FEMA declarations by year, 1998-2008
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Role of emergency management

There are numerous examples of severe winter
storms over the last 10 years. Here we highlight
a historic snowstorm in Erie County, New York,
on October 12, 2006, as illustrative of the role
local and State emergency management agencies

play.

By the time the snow stopped falling on October
13th, nearly 2 feet of snow had fallen in Buffalo
[50]. Since it was still mid-autumn, trees with
all their leaves strained to bear the added weight
of the snow. Consequently, the extent of the
damage was greater than would have been likely
from a later snowfall of the same magnitude.

Thousands of trees were destroyed, and the de-
bris damaged property, blocked roads, and took
down power lines. The snow closed schools and
roads throughout the county, in addition to shut-
ting down 105 miles of the New York State
Thruway for nearly 12 hours [51].

This lake-effect snowstorm caused approximate-
ly 376,600 homes and businesses to lose power
[52]. The Buffalo News reported that 2,500 util-
ity workers came from approximately 20 States
to help restore power in the region [53]. Even
with this extra help, however, on October 18th,
an estimated 100,000 homes were still without
electricity [54]. It took weeks to fully restore
power to everyone affected by the storm.
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The strain on relief agencies was enormous. The
American Red Cross opened six shelters in and
around Buffalo, but many shelters and soup
kitchens struggled to provide services without
power to heat buildings and refrigerate food. In
at least one instance, the Army Corps of Engi-
neers provided assistance with generators. The
State sent 17 nurses to help local hospitals man-
age the extra load. The county health commis-
sioner reported that more than 300 people were
treated for carbon monoxide exposure, mostly
related to the use of generators. Four of the 13
storm-related deaths were from carbon monox-
ide poisoning [52,55].

The cleanup that followed the October storm
lasted well into November. It left behind 2.6
million cubic yards of debris in the city of Buf-
falo alone [52]. State officials worked with the
local landfill to increase tonnage limits and al-
low more trucks to enter in order to deal with the
branches and trees littering the region [56].
Three hundred troops from the National Guard,
along with countless volunteers, helped with
street cleanup and debris removal. Even with
this help, the cost of overtime and private con-
tracts required to clear trees and brush blocking
roadways was estimated as high as $150 million
for Erie County [52]. The Mayor’s office re-
ceived permission from owners of fairgrounds
and a park complex to temporarily store debris.
The University of Buffalo also offered space for
debris, as well as a staging are for the National
Guard. Additional assistance from the Universi-
ty of Buffalo included freezer and refrigerator
space for area schools that lost electricity and
use of their athletic facilities for high school and
community games [57].

The costs of the snowstorm were considerable.
Just paying the overtime needed to Buffalo fire-
fighters and police cost the city $10 million
[52,55]. Several days after the snowfall, FEMA
announced that it would provide $5 million in
relief to local governments. Further, on October
24th, four counties, including Erie, received a
major disaster declaration, making additional
Federal assistance available [58].

Impact of climate change

According to the climate change literature, the
number of lake-effect snowfalls could increase
over the next few decades [8]. Lake-effect snow
is produced when cold winds move across long
expanses of warmer lake water. Warmer tem-
peratures in the winter will lead to less ice on the
great lakes, leading to a greater temperature dif-
ferential and an increase in the likelihood of
lake-effect snowfall [8,59].

According to the climate change literature, these
regions could experience warmer temperatures
in the winter would result in warmer water tem-
peratures on the Great Lakes and other large bo-
dies of water. This could increase the likelihood
of more frequent and more severe lake-effect
snowfalls. Additional lake-effect snowstorms
would further impact local and State emergency
management agencies in FEMA Regions I, II,
III, and V. Combined, these regions accounted
for 125 severe winter storms from 1998 through
2008, as shown in Figure 10. In the event these
warming trends continue communities could
experience larger impacts on their economies
and critical infrastructure.



Figure 10. Severe winter storms across the U.S., 1998-2008
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HEAT WAVES

There is no universally accepted definition of a
heat wave in the climate change literature.
Meehl and Tebakdi used two quantitative meas-
ures based on the duration and/or intensity of
either nighttime minimum or daytime maximum
temperatures [13]. We chose a more qualitative
approach and determined that a heat wave oc-
curs when a minimum of three consecutive ex-
cessive heat reports are generated from National
Weather Service (NWS) stations for the same
location. We also noted when an excessive heat
warning was issued as a measure of severity
[60]. We opted to use a more qualitative ap-
proach since people in the affected areas will
still require emergency services, even if the du-

ration or severity of the incident does not meet a
particular quantitative threshold.

Historical incidence

A summary of the number of excessive heat re-
ports is shown from 1998 through 2008 in Fig-
ure 11 [61]. A total of 339 excessive heat
reports were issued across the U.S. from 1998
through 2008, which is shown by the pink line.
We can use as a measure of severity whether an
excessive heat warning was issued by NWS
[62], which is shown as the blue line in Figure
13. In most, but not all, cases, if an excessive
heat warning was issued, there was a corres-
ponding excessive heat report.
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Figure 11. Excessive heat reports and NWS excessive heat warnings, 1998-2008
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We can also look at the duration of the heat
waves from 1998 through 2008 as a measure of
severity. Based on the excessive heat reports,
there were 242 heat waves that lasted one week
or less (71 percent of the total), 68 that lasted
between 1 and 2 weeks (20 percent of the total),
and 29 that lasted more than 2 weeks (9 percent
of the total). Figure 12 shows a yearly break-

down of the total number of heat waves from
1998 through 2008, with the blue portion
representing those heat waves that lasted less
than 1 week, the red portion representing those
that lasted between 1 and 2 weeks, and the yel-
low portion representing those that lasted more
than 2 weeks.



Figure 12. Heat wave duration, 1998-2008
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Role of emergency management

The Philadelphia region is often impacted by heat
waves, and therefore provides a good case study to
examine the roles and responsibilities for local and
State emergency management agencies. From 1998
through 2008, the Philadelphia region experienced
24 heat waves, for an average of about two each
year. The average length of each heat wave was
5.4 days, with the longest lasting 15 days (in Ju-
ly/August 1999).

The Philadelphia Hot Weather—Health
Watch/Warning System (PWWS) is a model that
was developed in 1995 to predict when excessive
heat presents a high risk to human health. Based on
the PWWS forecasts, the local NWS office then
determines whether to issue a warning [63,64].
When the NWS issues a warning, city agencies and
other private organizations activate a series of ac-
tivities [63,64]:

= Television and radio stations and newspapers are
asked to publicize the oppressive weather
conditions, along with information on how to
avoid heat-related illnesses.

= Media announcements also suggest that friends,
relatives, neighbors, and other volunteers acti-
vate their “buddy system” to visit elderly per-
sons regularly during excessive heat events. The
“buddies” are asked to make sure that suscepti-
ble individuals have food and water, fans and
working ventilation, and other amenities to man-
age the excessive heat.

= The Philadelphia Corporation for the Aging op-
erates a “heat-line” to provide information to the
public on heat stress and the avoidance of heat-
related injuries. The media is asked to publicize
the heat-line telephone number, and a large dis-
play is raised that can be seen over much of the
center of Philadelphia. During a relatively short
but intense heat wave in July 1999, the heat-line
recorded over 700 calls. The Philadelphia Cor-
poration for the Aging also distributes fans.

= The Department of Public Health contacts nurs-
ing homes and persons requiring extra care to
provide information and offer advice on the pro-
tection of residents. During a heat wave in Au-
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gust of 2002, they also required group homes to
keep room temperatures below 81 degrees.
They can also move susceptible persons out of
dangerous living situations and into air-
conditioned shelters.

= The utility company and water department halt
service suspensions.

= The Fire Department Emergency Medical Ser-
vice increases staffing in anticipation of in-
creased service demand.

= The Philadelphia Office of Supportive Housing
activates increased outreach activities to assist
the homeless and contracts with Project Home, a
private outreach program that provides water
and support to the city's homeless.

= Senior centers extend their hours of operation of
air-conditioned facilities.

In addition, record-setting water and electricity
usage is not uncommon during heat waves in the
Philadelphia region. For example, during a 3-day
heat wave in July 1999 the strain on electrical sys-
tems caused about 20,000 homes and businesses to
lose power. The record for water usage was also
exceeded during that heat wave [65].

Finally, excessive heat also impacts the transporta-
tion sector. For example, during the July 1999 heat
wave, the Pennsylvania Department of Transporta-
tion reported that 15 roadways buckled and several
had to be closed. During a heat wave in August
2001, Interstate 95 buckled near Philadelphia Inter-
national Airport, Southeastern Pennsylvania Trans-
portation Authority regional rail lines operated with
delays due to downed wires, and several trains and
buses overheated [66].

Impact of climate change

It is generally accepted in the climate change litera-
ture that the U.S. average temperature has risen
more than 2°F over the past 50 years. Further, the

literature suggests that by the end of the 21* cen-
tury, the average U.S. temperature could increase
by 7 to 11°F using a higher emissions scenario and
by 4 to 6.5°F using a lower emissions scenario [8].
An increase in average temperature is likely to pro-
duce more frequent and intense heat waves [67].
However, this is not necessarily an indicator of fu-
ture instances of more intense heat waves; nor does
it provide any information about which areas will
be more susceptible to heat waves in the future.

FEMA Regions III, IV, V, VI, VII, and IX have
experienced the most heat waves over the last 10
years, as shown in Figure 13. According to the cli-
mate change literature, these regions are most likely
to see an increase in heat wave severity. For exam-
ple, modeling by Meehl and Tebaldi examined how
the increase in global mean temperatures will affect
the weather patterns that produce heat waves. The
results from the model predict a greater increase in
heat wave severity in the Western, Midwestern, and
Southeastern U.S. [13], which is also consistent
with research highlighted in the Global Climate
Change Impacts in the United States report [8].
Further, additional research indicates that those
areas that typically experience heat waves are likely
to face more severe, longer heat waves in the future
[67]. While these regions may be more accustomed
to heat waves, more severe and/or frequent heat
waves will further tax local emergency manage-
ment, public health, and social services.

The Meehl and Tebaldi model also indicates that
the Pacific Northwest could also experience an in-
crease in the number, duration, and intensity of heat
waves in the future [13]. This is significant since
the Pacific Northwest region has not traditionally
experienced many heat waves and may not be as
prepared as the other regions to manage the re-
sponse.



Figure 13. Heat waves across the U.S., 1998-2008 [61]

FOODBORNE AND WATERBORNE DISEASES

We are including foodborne and waterborne dis-
eases in this review even though they do not fall
directly under the purview of emergency man-
agement agencies. There are tens of thousands
of reports of foodborne and waterborne diseases
each year, and the climate change models pre-
dict that the number of cases will increase in the
future [8,14,15]. Further, given the highly visi-
ble nature of an outbreak, the resulting public
concern, and the possibility of involving several
Federal, State, and local agencies, it seems likely
that emergency management agencies at the
Federal and State jurisdictions will have a role in
coordinating the response to the large and/or
multi-State outbreaks.

For the purposes of this report, we are only in-
terested in those reports that are classified as
waterborne disease outbreaks (WBDOs) and
foodborne disease outbreaks (FBDO). An event
must meet two criteria to be defined as a WBDO
by the Centers for Disease Control and Preven-
tion (CDC):

1. Two or more persons must be epidemiologi-
cally linked by the location of the exposure,
time, and characteristics of the illness.

2. The epidemiologic evidence must show clear

evidence that the water source (water for recr-
eational purposes, drinking water, water not
intended for drinking, or water of unknown in-
tent) is responsible for the illness [68].

In addition, the CDC defines an FBDO as the
occurrence of two or more cases of a similar
illness resulting from the ingestion of the same
type of food [69]. For our purposes, we were
only interested in those FBDOs that affected
multiple States, since those events would be
most likely to trigger involvement of State
and/or Federal emergency management agen-
cies.
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Historic trends

Between 1998 and 2006, there were a total of 72
multi-State FBDOs affecting more than 6,300
people. The median number of people affected
per FBDO over that time period was 43. The
largest outbreak occurred in 2002, sickened 510
people, and was traced to salmonella in toma-
toes. The most common disease causing patho-
gens over that time include E.Coli, Salmonella,
Hepatitis A, Listeria, and Vibrio [70].

A more detailed breakdown of the number of
FBDOs and number of people affected during
that time period is shown in Table 3. Between
1997 and 2006, a total of 199 WBDOs affected
more than 13,000 people. In that timeframe, the

median number of people affected per WBDO
was 12. However, there were 22 instances
where more than 100 people were sickened and
two instances where more than 1,000 people
were affected. The largest outbreak occurred in
New York in 2005, affected 2,307 people from a
fountain in a State park that was found to be
contaminated with Cryptosporidium. In most of
these instances, the WBDO did not extend to
multiple States. The common disease causing
pathogens included Cryptosporidium, Giardia,
and Legionella [71].

A more detailed breakdown of the number of
WBDOs and the number of people affected dur-
ing that time period is shown in Table 4.

Table 3. Multi-State FBDOs and number of people affected, 1998-2008

Year Multi-State FBDOs People affected
1998 7 970

1999 8 611

2000 9 872

2001 4 125

2002 6 758

2003 10 349

2004 8 980

2005 12 562

2006 8 1077

Table 4. WBDOs and number of people affected, 1997-2008

Year WBDOs People affected
1997 7 568
1998 19 1936
1999 14 1072
2000 28 1661
2001 13 736
2002 21 1230
2003 14 1011
2004 24 821
2005 26 3473
2006 33 737




It is important to note that these data represent
only those cases reported to the CDC. It is
therefore likely that there were additional cases
and/or outbreaks that were not treated by a med-
ical practitioner, unrecognized by a primary care
or emergency room physician, and/or not tested
for a waterborne or foodborne pathogen [72,73].

Role of emergency management

We include foodborne and waterborne diseases
in this report, even though emergency manage-
ment agencies are typically not directly involved
in the response. Most WBDOs and FBDOs are
identified and investigated by State and local
public health departments. The cryptosporidium
outbreak in Milwaukee in 1993 that sickened an
estimated 400,000 people provides a useful ex-
ample. In April 1993, epidemiologists with the
Milwaukee Department of Health identified a
trend of widespread absenteeism among hospital
employees, students, and schoolteachers due to
gastrointestinal illness. Upon laboratory con-
firmation of cryptosporidium oocysts, the Mil-
waukee Department of Health coordinated with
State and local officials to identify the source of
the outbreak and provide guidance to affected
citizens [74]

At the Federal level, the CDC can provide assis-
tance, upon request, especially for those out-
breaks that are sufficiently widespread and/or
severe. In addition, State, local, and territorial
public health departments voluntarily report data
on WBDOs and FBDOs on an annual basis to
the CDC Enteric Diseases Epidemiology
Branch. The CDC also maintains several
disease surveillance and outbreak detection
systems. For example, PulseNet is a national
surveillance network consisting of the CDC,
State, and local public health laboratories and
Federal food regulatory agency laboratories.
The CDC uses OutbreakNet to collaborate with
State, local, and territorial public health partners
once a potential outbreak is identified. The
CDC also coordinates with local, State, and

Federal regulatory agencies such as the Food
and Drug Administration and the U.S.
Department of Agriculture Food Safety and
Inspection Service [75].

Sufficiently large and/or significant outbreaks
also have the potential to involve additional
agencies within the Department of Homeland
Security (DHS), including the U.S. Customs and
Border Protection and Office of Health Affairs.
Such was the case during the 2007 melamine
contamination of pet food and animal feed [76].
Given the possibility of large and widespread
outbreaks that involve multiple Federal agen-
cies, as well as agencies from several States, it is
likely that DHS will be continue to be asked to
coordinate the Federal response in the future.

Impact of climate change

In 2001, Rose et al concluded that the incidence
of foodborne and waterborne diseases is linked
to precipitation and temperature; much of the
data and evidence for this conclusion was pre-
liminary at the time [15]. Since then, several
studies have corroborated Rose’s paper, and it
was used as the basis for the Intergovernmental
Panel on Climate Change reports, as well as sev-
eral other recent non-profit and government re-
ports [8]. For example, Kistemann et al.
concluded that the concentrations of Giardia and
Cryptosporidium in waterways and drinking wa-
ter reservoirs increase significantly after rainfall
and extreme runoff events [77]. Casmen et al
developed incidence diagrams to depict the im-
pact of climate change on cryptosporidiosis.
They concluded that the expected consequences
of climate change could increase the frequency
of WBDOs, but the impact will be lessened in
more developed countries that invest in a com-
prehensive public health sector [78]. Further,
D’Souza et al. examined the relationship of am-
bient temperature and reports of salmonella in
five Australian cities. They observed a statistical
correlation between rising temperatures and re-
ports of salmonella the following month [79].
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